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1.1 

Injuries: 

a dynamic public health problem 

This thesis deals with injuries, a public health problem often neglected 
by health policy makers and the medical profession. It will focus on trends 
in the societal burden of this impol1ant "disease". 

In fact, injuries reflect one of the most persistent public health problems 
of all times. Almost half a centUlY ago, John Gordon, one of the founding 
fathers of injury epidemiology, reported that death rates fom injuries had 
remained virtually unchanged between 1900 and 1946 and had shifted from 
the sixth to the third most important calise of death in the USA'. More 
recent analyses from several industrial countries have shown only minor 
changes in the overall injury mortality rates over the entire past centlllY, 
especially in comparison to the spectacular decreases in mortality due to 
infectious diseases.'"' The current injlllY mortality rates of many 
industrialized countries more or less existed already at the beginning of this 
centlllY. They are probably velY much the same as those prevailing at the 
beginning of "modernization" in the nineteenth century, as can be derived 
from historical data from England and Wales.'-· Moreover, injuries being an 
even more important cause of death in premodern times seems plausible. 

Although overall injury mortality data in a long term perspective give 
the appearance of a persistent and static problem area, in fact we are dealing 
with a velY dynamic field. The high level of injury mortality in 
industrialized countries at the beginning of this century was due to other 
major external causes than the high level of today. The field is characterized 
by the continuous introduction of new hazards to societies and by the 
exposure of new generations to longer existing risks. This leads to newly 
emerging subproblems or the return of problems which had seemingly been 
conquered. Beneath the surface of apparently stable overall injUlY m0l1ality 
data, dynamic trends with respect to specific subproblems can be found. 
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1.1 

The unchanged injury mortality rate in the USA during the first half of this 
century as reported by Jolm Gordon, for example, was the result of an 
increasing mortality due to motor vehicle traffic accidents which was 
compensated by declining accident mortality figures outside the traffic 
system (e.g. due to drowning). 

Because of their dynamic nature injuries are not unimpOliant in relation 
to changing patterns of mortality and disease in populations. Over the past 
two centuries a transition took place in most industrialized countries from a 
cause of death pattern dominated by infectious diseases with very high 
mortality to a pattern dominated by chronic diseases and injuries with lower 
mortality."" In most developing countries, this transition is still under way." 
This development is referred to in the literature as the "epidemiologic 
transition". Many researchers have tried to establish the extent to which 
various underlying determinants, including preventive measures and 
improvements of medical care, have contributed to the observed changes in 
mOltality and disease patterns'. So far, however, most of this research has 
focused on chronic conditions and infectious diseases ,.1,"" and only little 
attention has been paid to injuries and their consequences. 

This thesis explores long-term developments in the frequency of injuries 
and their underlying factors and can thus shed some light on their role in the 
epidemiologic transition. 

Special attention is paid to the dynamics of separate subclasses of 
injuries, for it must be recognized that injuries can be caused by a variety of 
widely different events (see figure l.l.l). It has become customalY to make 
a first distinction between "unintentional" and "intentional" injuries 
respectively.' 

Unintentional injuries are those sustained by the victims of an accident. 
They are caused by sudden events which were not intended to happen. They 
are synonymous to "accidental injuries". 

Intentional injuries are either self-inflicted (suicide and attempted 
suicide) or the result of interpersonal violence (homicide and assault). Both 
unintentional and intentional injuries are the result of a wide range of 
specific external causes,IS.19 
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This thesis mainly focuses on unintentional injuries as caused by three 
major types of accidents: traffic accidents, occupational accidents and home 
and leisure accidents. An accident is defined as "an unexpected and 
unintended event caused by external forces, resulting in acute physical 
injury"." Traffic accidents are those involving at least one moving vehicle. 
Occupational accidents are those occurring during paid employment or 
industrial activities. Home and leisure accidents are all other unintentional 
events, with the exception of those resulting from a medical procedure. 
Some of these accidents take place in the home situation, for example in the 
course of housekeeping or 00-11-Yourself-activities. Others occur 
elsewhere, such as sports accidents, accidents on the street without the 
involvement of a moving vehicle, and accidents at school. 

A classification of injuries by external cause 

Injuries 

Unintentional 

Injuries 

caused by traffic accidents 

caused by occupational accidents 

caused by home and leisure accidents 

caused by medical procedures 

-[ 

caused by self-damaging actions 
Intentional 

injuries 
caused by interpersonal violence 
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Quantitative methods to support 

injury prevention and control 

The continuous introduction of new hazards to society and the exposure 
of new generations, time and again, to longer existing risks, make the field 
of injuries one of the most challenging to public health policy. Changes in 
disease and mortality patterns can take place quite rapidly because the 
exposures in this area have acute health effects. This calls for accurate 
public health surveillance systems as a basis for the continuous 
development and evaluation of prevention and control strategies. 

Public health surveillance has been defined as "the ongoing systematic 
collection, analysis and interpretation of health data essential to the 
planning, implementation and evaluation of public health practice, closely 
integrated with the timely dissemination of these data to those who need to 
know",21 

This thesis presents a number of quantitative analyses that were 
performed within the framework of a public health surveillance system in 
the Netherlands. This system started in 1985 and was initiated by the 
Steering Committee on Future Health Scenarios, a body advising the Dutch 
government on long-term health planning." The thesis focuses on the 
societal burden of injuries in the Netherlands, dealing with developments in 
this area over a period of 50 years. 

The following three main types of activity were undertaken within the 
scope of the public health surveillance system: 
- assessment of the tl'equency and societal burden of injuries; 
- research into determinants of injury m011ality; 
- forecasting and monitoring of injuries. 

Each type of activity will be separately introduced in the next sections of 
this paragraph, which will also briefly explain the various quantitative 
methods that were used. 

9 
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1.2 

1.2.1 ASSESSMENT OF THE FREQUENCY AND SOCIETAL 
BURDEN OF INJURIES 

An important tool in studying the frequency of injuries is the 
performance of a trend analysis. This not only shows the current size of the 
problem, but also sheds light on changes in the frequency of injuries and 
their consequences. It clearly illustrates shifts in the relative contributions of 
separate subclasses and offers insight into the factors behind these 
observations. 

We analyzed injury mortality trends in the Netherlands since 1950. This 
analysis used the conceptual model presented in figure 1.2.1. 

Figul'e 1.2.1 

A framework for the analysis of injury mortality 

Incidence of injuries 

r- (injured persons/IOOO -
person-years) 

Injury mortality 

(deaths because of '--
injuries/lOO.OOO 

person-years) 

Case fatality 

(deaUlsilOO injured 

persons) 

r-

'-

-

Exposure 

(units of exposure/1000 

person-years) 

lujUl')' risk 

(injured persons/unit of 

exposure) 

Injury severity 

(distribution of injuries 

by type of injury) 

Severity-adjusted case 

fatality 

(deaths/IOO injured persons 

adjusted for changes in the 

distribution of injuries) 
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According to this model (changes in) rates of mortality (the number of 
deaths per 100.000 person-years) are the result of (changes in) the rates of 
the incidence of injuries (the number of injured people per 1000 person
years) and the case fatality (the number of deaths per 100 injured persons). 
The incidence of injuries is the result of the exposure (e.g. the number of 
passenger car kilometres per 1000 person-years) and the injury risk (the 
number of injured persons per unit of exposure). The case fatality is the 
result of the injury severity (the distribution of injuries by type of injury) 
and the severity-adjusted case fatality (the number of deaths per 100 injured 
persons adjusted for changes in the distribution of injuries). The exposure, 
injmy risk, injury severity and severity-adjusted case fatality are influenced 
by demographic, economic, socio-cultural and technological factors (all 
"autonomous" from the point of view of health policy makers), as well as 
by policy measures aimed at the prevention of injuries or the improvement 
of medical care for injury victims. This conceptual model allowed us to 
perform a systematic analysis of developments in the epidemiology of 
injuries. It helped to explain historical trends over the past fifty years. 

The aforementioned trend analysis used traditional indicators from 
public health surveillance systems (mortality, incidence and case fatality). 

Within the field of injury prevention and control it has recently been 
recognized that information on these traditional indicators should be 
supplied with data on the economic costs of injuries. This information is 
expected to have great value for setting public health priorities." 

Producing reliable estimates of the costs of diseases and injuries, 
howevel; is known to be rather difficult". When performing a cost-of-injury 
study, there are several cost elements which can be included and several 
methods of cost estimation which are available." 

Within the framework of our public health surveillance system, a 
detailed assessment of the health care costs and economic production losses 
due to injuries in the Netherlands was made. To estimate economic 
production losses we used the recently developed friction cost method,'·" 
the first time this method had been applied in a comprehensive cost-of
injUly study. The aim of the study was to provide information on the current 
societal burden of injuries in the Netherlands. 

11 
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1.2.2 RESEARCH INTO DETERMINANTS OF INJURY 
MORTALITY 

Within the framework of our public health surveillance system we 
performed two studies in which the focus was on determinants of injUly 
mortality. A matrix developed by William Haddon jr." yielded a basic 
framework of thought for studying determinants of injury mOliality. This 
"Haddon-matrix" assumes that injuries are the result of factors related to a 
host (a potential victim or perpetrator), an agent (an object carrying an 
amount of potentially damaging energy) or the environment. These factors 
can all come into play during different phases known as the pre-event phase 
(circumstances preceding the accident), the event phase (circumstances 
during the accident) and post-event phase (circumstances in the aftermath of 
the accident). 

This thesis is focused on injuries at the population level. A potential 
determinant at this level is the popUlation exposure to injury risks. The 
frequency of injuries highly depends on factors such as the traffic mobility 
rate, the labour force participation rate and the sports participation rate. 
These factors are not included in the Haddon-matrix. 

In order to identify the main determinants of injUly mortality at the 
population level we used the conceptual model presented in figure 1.2.1. 
This model is an elaboration of the Haddon-matrix and may help to 
establish the contribution of several underlying components to variation in 
injury mortality. These components are related to the pre-event phase 
(exposure and injury risk), event phase (injury severity) and post-event 
phase (severity-adjusted case fatality). 

We used this model to perform an ecological analysis of regional 
differences in traffic accident mOliality within the Netherlands and a study 
of traffic accident mortality within the industrialized world between 1962 
and 1990. We specifically studied traffic accidents as they are a major cause 
of death and disability with dynamic trends in both industrialized and 
developing countries." 80th studies aim to establish the role played by 
exposure in relation to the frequency of injuries, and focus on economic 
background factors as a determinant of injury m0l1ality and its underlying 
components. The national economy is known to be an important 
background factor in relation to the health of individuals and populations.'" 
The general evidence shows that economic growth has a tendency to 
improve the health of populations. Growing prosperity, however, also 
fosters the large scale introduction and growth of new hazards to society. 
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1.2.3 FORECASTING AND MONITORING OF INJURIES 

Quantitative methods for forecasting and monitoring of injuries are a 
potentially powerful tool for policy makers in the field of injuty prevention 
and control. In the previous paragraph injuries were identified as a 
heterogeneous public health problem of a continuous and dynamic nature. 
Policy makers need surveillance instruments to increase their anticipatory 
capacity. They urgently require tools which make it possible to foresee 
possible newly emerging andlor recurring subproblems in the field of 
injuries. Moreover, they need "early warning systems" to detect undesired 
trends as early as possible without raising too many false alarms. 

The international experience in the development and application of tools 
for forecasting and monitoring of injuries is still limited. And in 1985, when 
we started our public health surveillance system, no comprehensive 
projections in this field had been performed at all. We therefore developed a 
new forecasting method which could subsequently be used as a tool in the 
surveillance of unintentional injuries in the Netherlands. We developed a 
quantitative approach for calculating the future burden of injuries under a 
set of alternative external conditions. This approach was based on the 
scenario methodology.'1 The quantitative effects of scenarios were 
computed with the help of a public health model developed by our 
department." This was a formal and detailed elaboration of the conceptual 
model of figure 1.2.1. We estimated the future burden of injuries, in terms 
of mortality and disability in the population, based on varying developments 
in exposure, injury risk, injuty severity and severity-adjusted case fatality. 

Possible future developments in the separate components of figure 
1.2.1. were estimated with the help of a Delphi study" which produced 
quantitative information usable as input for our public health model. The 
quantitative results of our future health scenarios for the period 1985-2000 
were reported to policy makers in 1988 and subsequently used as a 
framework for continuous monitoring of unintentional injuries in the 
Netherlands. Because we started our surveillance system in 1985, and could 
follow epidemiologic developments for more than ten years afterwards, we 
were able to evaluate the new method. By comparing the projections with 
actual observations we could asses the validity of the forecasts. In addition, 
we tried to establish whether the availability of those forecasts facilitated 
the early identification of undesired trends, and/or contributed to health 
policy in the Netherlands. 

13 
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A ims and structure of this thesis 

This thesis reports and discusses the results of a number of studies into 
injuries in the Netherlands, which were performed within the framework of 
a public health surveillance system initiated in 1985. These studies aimed to 
answer the following main questions: 

I. Which trends can be observed in the frequency of injuries in the 
Netherlands since 1950, how can they be explained, and what is the 
current societal burden of injuries? 

2. What are the determinants of injury m0l1ality at the population level, 
and of traffic accident mortality in particular? 

3. What is the value of expert based quantitative future health scenarios for 
forecasting and monitoring of injuries? 

The structure of this thesis is closely related to the above questions. 
Chapter 2 reports and discusses studies into the epidemiology and 
economic burden of injuries. Chapter 3 deals with our research into 
determinants of traffic accident mortality. In chapter 4 the development, 
implementation and evaluation of future health scenarios as a new tool in 
forecasting and monitoring of injuries is presented. Chapter 5 is devoted to 
a general discussion. In this chapter several methodological issues are 
discussed in relation to a summary of the main findings. In addition, it 
positions our findings within the framework of the epidemiologic transition 
theory. Finally, challenges for the future are dealt with: in injUly 
surveillance, in injury research, and in injury prevention and trauma care. 

15 
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In reading this thesis it should be noted that the sequence of the various 
studies presented in different chapters does not reflect the chronological order 
in which they were performed. 

We started our surveillance activities with the development of forecasting 
methods. A surveillance period of more than ten years followed. This gave us 
the opportunity to assess the value of the forecasting methods that were 
initially developed (see chapter 4). We were moreover able to perform 
additional studies into the epidemiology and economic burden of injuries (see 
chapter 2) and the determinants of traffic accident mOliality (see chapter 3). 



-------Riferences-------

REFERENCES 

I. Gordon IE. The epidemiology of accidents. Am J Public Health 1949;39:504-515. 

2. Baker SP, O'Neill B, Ginsburg MJ, Li O. The Injury Fact Book; second edition. New York: 

Oxford University Press; 1992. 

3. Mackenbach JP. De veren van icarus; over de achtergronden van twee eeuwen 

epidemiologische transities in Nederland.(The feathers of Icams; about the backgrounds of 

two centuries of epidemiologic transitions in the Netherlands, in Dutch). Utrecht: Bunge;1992. 

4. Caselli G. National differences in the health transition in Europe. Bloomington: Indiana 

University; 1993. 

S. Greenwood M, Martin WJ, Russel WT, Deaths by violence, 1837-1937. J R Stat Soc 

1941 ;104: 146·171. 

6. Logan WPD. Mortality in England and Wales from 1848 to 1947; a survey of the changing 

causes of death during the past hundred years. Pop Studies 1950;4: J32~178. 

7. Forbes 'fR. Coroners' inquisitions from London parishes of tile Duchy of Lancaster : the 

Strand, Clapham, Enfield, and Edmonton, t831~1883. J Hist All Sciences 1988;43:191-203. 

8. Stocks P. Fifty years of progress as shown by vital statistics. Br Med J 1950;1:54-57. 

9. Omran AR. A century ofepidemiotogic transition in the United States. Prev Med 1977;6:3-51. 

10. Om ran AR. Epidemiologic transition in the United States: The health factor in population 

change. Pop Bull 1980; 32: whole issue. 

II. Omrall AR. The epidemiologic transition theory. A preliminary update. J Trop Pediatr 

1983;29:305·316. 

12. Mackenbach JP. The epidemiologic transition theory. J Epidemiol Community Health 

1994:48:329·332. 

13. Powles J. Changes in disease patterns and related social trends. Soc Sci Med 1992;35(4): 

377·387. 

14. Barker DJP. Rise and fall of West em diseases. Nature 1989;338:371-372 

IS. Beaglehole R. Internationai trends in coronary heart disease mortality, morbidity, and risk 

factors. Epident Rev 1990; 12: 1~15. 

16. Wolleswinkel~van den Bosch JH, Looman CWN, van Poppel FWA, Mackenbach JP. Cause

specific mortality trends in the Netherlands, 1875-1992: a fornlai analysis of the 

epidemiological transition. Int J Epid 1997;26:772~781. 

17. Wolleswinkel-van den Bosch, Van Poppel FWA, Tabeau E, Mackenbach JP. Mortality decline 

in the Netherlands in the period 1850-1992: a turning point analysis. Soc Sci Med 1998 (in 

press). 

18. World HealUl Organization (WHO).lntematiollal Statistical Classification of Diseases and 

Related Health Problems, Tenth Revision. Geneva: WHO; 1992. 

19. Nordic Medico-Statistical Committee (NOMESCO). NOMESCO Classification of External 

Causes ofInjuries. Copenhagen: NOMESCO; 1996. 

17 



-------Riferences-------

20, Lapre RM, Mackenbach JP (cds). Accidents in the year 2000; accident and traumatology 

scenarios 1985-2000. Dordrecht: Kluwer; 1989. 

21. Thacker S8, Berkelman RL. Public health surveillance in the United States. Epidem Rev 

1988;10: 164-190. 

22. Brouwer JJ, Schrcuder RF (cds). Scenarios and other methods to support long-ternl health 

planning. Utrecht: Uitgeverij Jan van Arkcl; 1986. 

23. Rogmans WHJ, Mulder S (cds). Priority setting in accident prevention. Amsterdam: European 

Consumer Safety Association; 1995. 

24. Drummond MF. Cost-or-illness studies: a major headache. PharmacoEconomics 1992;2:1-4. 

25. van Beeck EF. Methods to assess the costs of injuries. In: Rogmans WHJ, Mulder S (cds). 

Measuring the severity and costs of accidental injuries. Amsterdam: European Consumer 

Safety Association; 1998. 

26. Koopmanschap MA, van Ineveld BM. Towards a new approach for estimating indirect costs of 

diseases. Soc Sci Med 1992;34:1005-1010. 

27. Koopmanschap MA, Rutten FFH, van Ineveld 8M et a!. The friction cost method for 

measuring indirect costs of disease. Journal ofHeallh Economics 1995;14:171-189. 

28. Haddon W Jr. A logical franlcwork for categorizing highway safety phenomena and activity. J 

Trauma 1972;12:197-207. 

29. S{}deriund N, Zwi AB. Traffic-related mortality in industrialized and less developed countries. 

Bull WHO 1995;73:175-182. 

30. Brenner MH. MortaJity and Ihe national economy: a review and the experience of England 

and Wales 1936-1976. Lancet 1979;ii:568-573. 

31. Schnaars SP. How to develop and use scenarios. Futures 1986;10:122-142. 

32. Mackenbach JP, van Oortmarssen OJ, van Beeck EF et al. Projections of the epidemiology of 

accidents; a computer model for calculating the future incidence of accidents and their 

consequences. In: Lapre, RM, Mackenbach JP (cds). Accidents in the year 2000; accident and 

traumatology scenarios 1985-2000. Dordrecht: Kluwer; 1989. 

33. Adler M, Ziglio E (eds). Oazing into the Oracle: the Delphi Method and its application to 

social policy and public health. London: Jessica Kingsley Publishers; t 996. 



..,., The frequency and 
societal burden 
of injuries in 
the Netherlands 

2.1 The rfse and fall of accfdent mortalfty fn 

the Netherlands: the role of dynamfcs fn the fncfdence 

and case fatalfty of injurfes 

2.2 Medical costs and economfc productfon losses due to 

fnjurfes in the Netherlands 



20 



21 



22 

2.1 

ABSTRACT 

Objective: To detect and explain changing trends in the mortality, 
incidence and case fatality of unintentional injuries in the Netherlands. 

Method: With the help of national registration data we analyzed trends 
in traffic injuries, occupational injuries and home and leisure injuries. We 
established the contribution of developments in the incidence and case 
fatality to mortality trends since 1950. We studied the influence of trends in 
exposure and injury risk on trends in the incidence of injuries, and we 
related case fatality trends to developments in injury severity. 

Results: Accident mortality in the Netherlands is characterized by rapid 
changes. Between 1950 and 1970 it rose because of an increasing incidence 
of injuries. This was followed by a sharp decline in mortality based on a 
decreasing incidence combined with a rapidly falling case fatality. Since the 
second half of the 1980s the decline in accident mortality has levelled off as 
the incidence of several injury subclasses has once again risen. The 
observed trends are based on several background factors, including 
economic fluctuations (influencing exposure), preventive measures 
(reducing the injury risk and injury severity) and improvements of trauma 
care (lowering the severity-adjusted case fatality). 

Conclusions: Growing or new exposures tend to increase the injury 
incidence and mortality. This can be compensated by measures reducing the 
injury risk, injury severity or severity-adjusted case fatality. Since the 
second half of the 1980s this compensation has fallen short in the 
Netherlands. This demonstrates the necessity of new policy measures in 
spite of the impressive reductions in public health damage already reached. 



The rise and fall of accident mortality in 

the Netherlands: the role of dynamics in 

the incidence and case fatality of injuries 

2.1.1 INTRODUCTION 

Unintentional injuries represent a continuous challenge for public health. 
As in other industrialized countries,1 they cause an extensive amount of 
public health damage in the Netherlands. Annually, one fifth of the Dutch 
population seeks medical treatment as a result of an unintentional injury.' 
This high rate of health care utilization means that we are dealing with an 
important source of medical costs. And unintentional injuries are an 
important source of temporary and permanent disabilities in the population 
too. They constitute, for example, one of the main three causes of economic 
production losses resulting from health damage in Dutch society, 
outnumbered only by psychiatric disorders and locomotory diseases.' 
Moreover, injuries represent a cause of death which may not be ignored, as 
they account for 2.5% of mOltality in the whole population. This figure is 
much higher, however, where children and adolescents are concerned, in 
whom about one third of all deaths is the result of an unintentional injUly.' 

The current scope of this public health problem calls for action from 
policy makers. A possible tool to SUppOlt priority setting in this area is trend 
analysis.' A trend analysis aims to detect changes in disease frequencies and 
their underlying determinants. It reveals which problems are on the rise and 
which are decreasing and elucidates the factors behind these observations. 
In this way, trend analysis may potentially suggest hypotheses for etiologic 
research, next to triggering control activities.' 

This at1icle reports the results of an analysis of trends in mortality from 
unintentional injuries in the Netherlands since 1950 and its underlying 
developments. 
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Trends in accident mortality (the number of deaths from unintentional 
injuries per 100.000 person-years) are the result of trends in the incidence 
of injuries (the number of injured people per 1000 person-years) and the 
case fatality (the number of deaths per 100 injured persons) respectively. 

Developments in the incidence of injuries are based on trends in the 
exposure (the number of units of exposure per 1000 person-years, e.g. 
passenger kilometres) or trends in the injmy risk (the number of injured 
persons per unit of exposure). To give an example: the number of injured 
motor cyclists in the population (Le. the incidence) depends on the number 
of kilometres travelled by motor cycle (Le. the exposure) and the chance to 
get injured per kilometre on a motor cycle (Le. the injury risk). 

Developments in the case fatality are the result of changes in the injmy 
severity (the distribution of injuries by type of injury) or trends in the 
severity-adjusted case fatality of injury victims (the number of deaths per 
100 injured persons adjusted for changes in the distribution of injuries). To 
give an example: the number of deaths per 100 injured motor cyclists (Le. 
the case fatality) can drop as a result of a declining proportion of life
threatening injuries among the victims (e.g. 10% severe head injuries 
instead of20%, leading to a reduction of the mean injury severity of injured 
motor cyclists). The case fatality of motor cycling injuries, however, can 
also be reduced at a higher rate than to be expected from changes in injury 
severity alone. If so, a reduction of the severity-adjusted case fatality can be 
observed. This is a potential measure to establish the effect of 
improvements of trauma care. It will be explained in more detail in the 
section on data and methods. 

Developments in exposure, injury risk, injury severity and severity
adjusted case fatality are all influenced by two types of determinants. The 
first type includes various factors not directly influenced by public health 
policy, such as demographic, economic, socio-cultural and technological 
trends. The other type, on the contrary, refers to preventive measures or 
strategies aimed at the improvement of trauma care. 

A systematic analysis of trends in the incidence and case fatality of 
injuries and their underlying parameters can provide insight into the major 
determinants of trends in accident mortality over a long period of time. We 
performed this type of analysis on a number of subclasses. As a first step 
we established the extent to which developments in the incidence and the 
case fatality affected mortality trends between 1950 and 1995. Secondly, we 
studied the influence of trends in exposure and injury risk on trends in the 
incidence of injuries, and we related case fatality trends to developments in 
injury severity. This aliicle reports the results of these analyses. 
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The possible influence of various background factors, including 
preventive measures and improvements of trauma care, will be addressed 
in the discussion section. 

2.1.2 DATA AND METHODS 

Classification 

Unintentional injuries are the result of traffic accidents, occupational 
accidents or home and leisure accidents. This distinction into three main 
categories is not used in information systems based on the International 
Classification of Diseases, such as the registries of causes of death and 
hospital admissions in the Netherlands. These registries only allow a 
distinction between traffic accidents and nontraffic accidents (including 
both occupational and home and leisure accidents). There are other sources, 
however, from which it may be derived that occupational accidents only 
account for a minor fraction of deaths (2%) and hospital admissions (4%) 
among those resulting from nontraffic accidents in the Netherlands.' Hence 
the data on deaths and hospital admissions due to nontraffic accidents can 
be used to estimate the figures on home and leisure accidents. 

Accident mOl'tality 

Data on accident mortality were acquired from several sources. First, 
we used cause-of-death figures from the Dutch Central Bureau of Statistics 
(CBS).' These data were used to calculate trends in accident mo.1ality and a 
number of major subclasses (traffic accidents, nontraffic accidents, 
accidental fall, accidental poisoning and accidental drowning) between 1950 
and 1995. We calculated cnrde mortality rates and mortality rates adjusted 
for changes in the composition of the population between 1950 and 1995. 
We computed the adjusted mortality rates with the help of direct 
standardization. The Dutch popUlation of 1972 was used as the standard 
population. The popUlation numbers of five-year age classes (0-4, 5-9, .... ) 
of this standard population were multiplied with the specific mortality rates 
of these age classes in each separate year between 1950 and 1995. This 
provided numbers of deaths to be expected without changes in the size and 
structure of the Dutch population. The adjusted mortality rate was 
calculated as the expected number of deaths divided by the size of the total 
population in 1972. 25 



26 

2.1 

Data from the national registries on traffic accidents (VOR: Road Traffic 
Accident Registry)' and occupational accidents (BOR: Occupational 
Accident Registry)' were used to calculate accident mortality rates 
according to mode of transport (passenger car occupant, motor cyclist, 
moped rider, cyclist, pedestrian) and branch of industry (manufacturing, 
construction, service sector) respectively. 

Incidence and case fatality of injuries 

For both traffic accidents and separate subclasses of nontraffic accidents 
(with the exception of accidental fall), we found quite similar trends in the 
crude and standardized mortality rates. We therefore only calculated the 
crude rates of the incidence and case fatality of injuries. 

We drew on several sources for data on the incidence of injuries. The 
number of traffic injuries is registered by the police in the aforementioned 
Road Traffic Accident Regishy. As in other countries"·11 a sizable number 
of the relevant cases fails to be registered. II.]) The level ofunderreporting, 
however, is probably rather stable. During our study period no major 
changes in registration criteria and procedures were seen. We were thus able 
to perform a trend analysis. We used data on the incidence of traffic injuries 
by mode of transport between 1950 and 1995. 

The incidence of occupational injuries by branch of indushy is 
registered in the Occupational Accident Registry which also suffers from 
underrep0l1ing." This registry includes injuries leading to sickness 
absenteeism which is highly sensitive to social security arrangements. 
Between 1950 and 1995 major changes were implemented in the Dutch 
system of social security, most notably at the end of the 1960s and at the 
beginning of the 1990s. For this reason, trends in the field of occupational 
injuries will be presented for the period 1970-1991 only, when the 
registration level was likely to have been stable. 

Data on the incidence of home and leisure injuries in the population at 
large are lacking. In order to gain insight into the incidence of home and 
leisure injuries and its subclasses we used data from the National Medical 
Registry (LMR),"which provides detailed information on the number of 
hospital admissions in the Netherlands. We used data from the period 1972-
1995. In 1972, about 60% of all hospitalized patients were registered, 
whereas in 1995 a coverage rate of almost 100% had been reached. All 
available data were extrapolated into national rates, assuming that the 
pal1icipating hospitals were representative for the whole country. 
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This procedure was not applied to earlier data as the participation rates 
of hospitals were too low. The numbers of hospital admissions due to 
nontraffic accidents were used as estimates of the (clinical) incidence of 
home and leisure injuries after exclusion of all injuries resulting from a 
medical procedure. 

Case fatality figures were calculated by combining the published data on 
accident mortality and on the incidence of injuries. We calculated case 
fatality figures according to the mode of transport by dividing traffic deaths 
by injured persons in the following subclasses: passenger car occupants, 
motor cyclists, moped riders, cyclists, and pedestrians. We calculated case 
fatality figures according to the branch of industry by dividing occupational 
injury deaths by injured persons in the following subclasses: manufacturing, 
construction, and the service sector. 

Exposure and injury risk 

Exposure data were available for both traffic accidents and occupational 
accidents. Exposure figures by mode of transport were obtained from 
publications of the Central Bureau of Statistics on traffic mobility and 
vehicle ownership. As a primary measure of exposure we used the number 
of passenger kilometres by mode of transport in the population. Data on this 
indicator were extracted from annual mobility surveys of the Central Bureau 
of Statistics. 16 This source provided us with data on the annual numbers of 
passenger kilometres travelled per 1000 persons-years in the period 1960-
1995. It provided us with all necessalY data on travelling by passenger car, 
motor cycle, moped, or as a pedestrian. A substantial part of the figures on 
cycling, however, was derived from specific surveys of the Foundation on 
Road Safety Research. 11 

Exposure data on occupational accidents by branch of industry were 
obtained from publications on the Occupational Accident Registry.' As an 
indicator of exposure we used the numbers of man-years at labour in the 
population in manufacturing, construction, and the service sector. 

Figures on the injwy risks were calculated by combining the available 
data on the incidence of injuries and on exposure. We calculated injmy risks 
according to the mode of transport by dividing the numbers of injured 
persons by the numbers of kilometres travelled in the following subclasses: 
passenger car occupants, motor cyclists, moped riders, cyclists and 
pedestrians. We calculated injury risks according to the branch of industry 
by dividing the numbers of injured persons by the numbers of man-years at 
labour in the following subclasses: manufacturing, construction, and the 
service sector. 

27 
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Injury severity and severity-adjusted case fatality 

Developments in the injUly severity and the severity-adjusted case 
fatality were specifically studied for traffic injury victims. We used data on 
the distribution of injuries by type of injury in order to distinguish a number 
of broad classes with different severity levels. These data were acquired 
from the National Medical Registry (LMR).1l With the help of this data 
source, we were able to distinguish the following types of injury: 
intracranial injuries; internal injuries of organs in the chest, pelvis or 
abdominal region; fractures of the lower extremity; fractures of the upper 
extremity; fractures of skull, neck or chest; open wounds and contusions; 
luxations and distortions; burns; intoxications; other injuries. The severity 
of these separate types of injUly is highly variable, in the sense that some 
are accompanied by high risks of death (e.g. intracranial injuries), while the 
case fatality is about 0% in others (e.g. luxations and distortions). 

The National Medical Registry includes data on the numbers of injured 
persons admitted to hospital (I.e. the clinical incidence) and on the numbers 
of deaths inside the hospital. With the help of these data we could calculate 
the crude case fatality rates of hospitalized traffic victims from 1972 until 
1995. This was done for separate years by dividing the numbers of traffic 
deaths inside the hospital by the numbers of hospitalized traffic injury 
victims. This offers a case fatality measure that excludes victims dying at 
the site of the hospital or before arrival at the hospital. 

We also calculated the severity-adjusted case fatality rates of 
hospitalized traffic injury victims from 1972 until 1995. This was done in a 
procedure of indirect adjustment. For 1995, we computed injury-specific 
case fatality rates, distinguishing the aforementioned types of injury 
(intracranial injuries etc.). These were subsequently used as standard rates. 
For separate years (1972,75,80,85,88,95), the numbers of traffic injUly 
victims, according to the type of injury, were mUltiplied with the injUlY
specific standard rates of 1995. This provided numbers of deaths to be 
expected without changes in the injury-specific case fatality rates. By 
dividing observed numbers of deaths by the expected numbers of deaths a 
severity-adjusted case fatality rate could be calculated. 

We had to rely on this procedure of indirect adjustment, because only for 
one year (1995), injury-specific case fatality rates were available. This 
procedure offers valuable information. By comparing crude rates and 
severity-adjusted case fatality rates an impression is gained of the 
contribution of changes in injury severity to a reduction of traffic deaths 
inside the hospital. A small difference means that other factors than injury 
severity have been important. 
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Figure 2.1.1 

Accident mortality and its major subclasses in the Netherlands, 1950-1995 (cmde rates and 

standardized rates per 100.000 person-years) 

All accidents 

50 crude rates 

standardized rates 
45 

40 

35 
0 
0 
0 30 ci 
0 
~ 

:;; 25 

'" • 
~ 20 

15 

10 

5 

0 

1950 1960 1970 1980 1990 

year 

Traffic accidents 

~ 
25.0 ~ 

a-
~ 

" 22.5 " ~ 
" 20.0 "" ~ 
" 17.5 ~ 0 

0 ~ 

0 15.0 " ci c 
0 g 
:;; 12,5 ~ 
'" • ,,-
~ 10.0 - S. 

~ 

7.5 ~ 
"'" 

5.0 ~ 
~ 

2.5 29 
0.0 

1950 1960 1970 1980 1990 

year 



2.1 

Accident mortality and its major subclasses in the Netherlands, 1950~1995 (crude rates and 

standardized rates per 100.000 person-years) 
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Accident mortality and its major subclasses in the Netherlands, 1950·1995 (crude rates and 

standardized rates per 100.000 person-years) 
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2.1.3 RESULTS 

Trends in accident mortality 

Figure 2.1.1 shows that the development of accident m0l1ality in the 
Netherlands since 1950 is characterized by rapid changes. Accident 
mortality (all categories combined) increased sharply during the period 
1950-1970, and subsequently embarked upon a rapid decline that only 
recently has levelled off. The peak in the figure for the year 1953 reflects a 
major flood disaster. The rate of m0l1ality as a result of traffic accidents 
follows a similar pattern. This more or less applies to deaths as a 
consequence of nontraffic accidents as well (i.e. an estimate of mortality 
due to home and leisure accidents) although they showed a less spectacular 
increase up to 1970. 

The development of the mortality rate is illustrated separately for three 
subclasses of nontraffic accidents. Mortality due to accidental fall has been 
developing quite similar to traffic accident mOliality. Accidental drowning 
as a cause of death has declined since 1950. Accidental poisoning claims 
few fatalities and therefore shows an erratic pattern in the mortality 
statistics, but nevel1heless seems to have declined as a cause of death since 
the end of the 1960s until at least the end of the 1980s. 

The figure shows that in all specific subclasses the crude and 
standardized rates are quite similar, with the exception of accidental fall. 

Trends in the incidence and case fatality of injnries 

The rise and fall of accident m0l1ality in the Netherlands is the result of 
trends in the incidence and case fatality of injuries and of interactions 
between these parameters. 

Figure 2.1.2 shows that in the area of traffic injuries three different 
periods can be identified. Between 1950 and 1970 there was a sharp 
increase in traffic accident mortality (all modes of transport combined) 
based on a rising incidence of injuries (figure 2.1.2A). In the period 
1970-1985 there was a spectacular mOliality decline because of rapidly 
falling figures for both the incidence and case fatality of injuries. In the 
period 1985-1995 mortality has been further decreased, but at a much 
slower rate than in the previous period. In this most recent period the 
observed decrease in traffic accident mortality has been due to a further 
decline in the case fatality, whereas the incidence of traffic injuries has 
more or less remained at the level of 1985. 
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The lUOitality, incidence and case fatality of traffic injuries in the NeUleriands, by mode of 

transport, 1950-1995 
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TIle mortality, incidence and case fatality of traffic injuries in the Netherlands, by mode of 

transport, 1950· 1995 
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The mortality, incidence and case fatality of traffic injuries in the Netherlands, by mode of 

transport, 1950-1995 
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Figure 2.1.2 also sheds light on specific developments for separate 
modes of transport. The aforementioned distinction into three periods can 
be clearly observed for passenger car occupants (figure 2.1.2B). In the 
Netherlands, this subclass accounts for about 50% of all traffic deaths. The 
developments are quite similar to traffic accident mortality as a whole. It is 
striking to note that the incidence of injuries of passenger car occupants has 
even risen since 1985. In the case of passenger car occupants, the further 
decline in mOltality since 1985 is wholly attributable to decreases in case 
fatality. Dynamic changes can also be observed in the other modes of 
transport (figure 2.1.2C-F). As with passenger car occupants, mortality 
trends between 1950 and 1970 are mainly based on changes in the incidence 
of injuries, whereas since 1970 the influence of developments in case 
fatality has become another major factor. 

Trends in the incidence and case fatality of occupational injuries were 
studied for the period 1970-1991. Figure 2.1.3 shows a spectacular fall in 
occupational accident mortality in the Netherlands between 1970 and 1985 
based on the combined effect of a falling incidence and declining case 
fatality in all branches of industry. After 1985 a relatively minor fUlther 
decline in mortality is found. As with traffic injuries this is completely 
based on a further decline of the case fatality. Recently, the incidence of 
occupational injuries (with the exception of injuries due to manufacturing) 
would appear to be on the rise. 

As already mentioned, trends in the incidence and case fatality of home 
and leisure injuries cannot be studied directly because figures from the 
population at large are lacking. However, figures on hospital admissions due 
to nontraffic accidents since the beginning of the 1970s are available for 
study (see figure 2.1.4). These figures can be compared to the trends in 
nontraffic accident mOltality already presented (see figure 2.1.1). Such a 
comparison yields a broad impression of the mechanisms underlying 
mortality trends in this area. 

Figure 2.1.4 shows that the incidence of hospital admissions due to 
home and leisure injuries has been fluctuating since the early 1970s. 
Interestingly the trends have developed in opposite directions for two major 
subclasses. The decreasing incidence of accidental poisonings would seem 
to contribute to the mOltality decline of this subclass (see figure 2.1.1). The 
clinical incidence of accidental fall, on the contrary, has risen. This means 
that the declining mortality due to accidental fall (see figure 2.1.1) can 
probably not be explained by a decreasing incidence of injuries. It points to 
a declining case fatality as the major underlying parameter. 
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The mortality. incidence and case fatality of occupational injuries in the Netherlands, by 

branch of industry, 1970·1991 
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The mortality, incidence and case fatality of occupational injuries in Ule Netherlands, by 

branch of industry, 1970-1991 
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Eiglll'c 2.1.4 

TIle clinical incidence of home and leisure injuries in the Netherlands, 1972-1995 (hospital 

admissions per 100.000 person-years) 
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Trends in exposnl'e and injury risk 

The backgrounds of the observed trends in the incidence of traffic 
injuries are made visible in table 2.1.1. A rising exposure (see table 2.1.1 a) 
is a major factor behind the growing incidence of injuries to passenger car 
occupants between 1960 and 1970, when the number of kilometres travelled 
by passenger car increased enormously (a rise by 141% between 1960 and 
1965, followed by a rise by 78% between 1965 and 1970). Table 2.1.1a 
demonstrates that the steep rise in the use of passenger cars in the 
Netherlands levelled off in the 1970s. This is one of the factors behind the 
observed reversal in the incidence of injuries to passenger car occupants 
around 1970 (see figure 2.1.2). 

'Cllble 2.1.1 

Developments in exposure and iruury risk of traffic iI~uries by mode of transport, the 

Netherlands, 1960M J 995 (percentual changes per five-year period) 

ft. Exposure (passenger kilometres/IOOO person-years) 

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90 1990-95 

- Passenger car occupants +141% +78% +13% +9% +3% +12% +5% 

- Motor cyclists -25% -56% +25% +40% -14% +17% +28% 

- Moped riders +2% -23% -34% -26% -40% -17% -20% 

- Cyclists -11% -29% -28% 0% +17% +6% -1% 

- Pedestrians n,a, n.a. n.a. n.ft. n.a. -3% +6% 

- All modes of transport, 

combined +28% +25% +13% +12% +2% +12% +5% 

h. Injury risk (injured persons/passenger kilometre) 

..... , ...... , ................................................................................................................................................. 
1960-65 1965-70 1970-75 1975-80 1980-85 1985·90 1990-95 

- Passengcr car occupants -14% -13% -30% -13% -15% -13% 0% 

- Motor cyclists -21% -1% -10% -12% -18% -7% -2% 

- Moped riders +37% +38% +9% -4% +19% +35% +13% 

- Cyclists -4% +6% +67% +15% -19% -6% -11% 

- Pedestrians n.a. n.a. n.a. IU. n.a . +1% -35% 

- All modes of transport, 

combined -6% -16% -27% -19% -19% -9% -9% 

n.a. = not available 
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A second factor behind this reversal is the rapidly declining injmy risk 
of passenger car occupants (see table 2.l.lb). This decline was especially 
sharp between 1970 and 1975 (this period saw a 30% decline in injury risk, 
whereas in other periods a constant decrease of 10-15% was met). This 
decline, however, has stopped recently. This would appear to be a reason 
behind the newly rising numbers of injuries among passenger car occupants 
in the most recent period. Another factor is the slight acceleration of 
exposure growth since 1985 (see table 2.l.la). 

Table 2.1.1 further shows a number of dynamic trends in exposure and 
injUly risk among the other modes of transport. The use of the motor cycle, 
for example, has highly fluctuated throughout time. In the most recent 
period, there has been a growing popularity of the motor cycle (see table 
2.l.la), which is reflected in increasing incidence and mortality figures (see 
figure 2.1.2). 

Table 2.1.2 

Developments in exposure and injury risk of occupational injuries by branch of industry, the 

Netherlands, 1970-1990 (percentual changes per fivc-year period) 

8. Exposure (man-years at labour/lOOO person-years) 

1970-75 1975-80 1980-85 1985-90 

- Manufacturing -14% -12% -14% +6% 
- Construction -17% 0% -30% +19% 
- Service sector +3% 0% +4% +27% 

- A II occupations, combined -7% 0% -9% +18% 

h. Injury risk (injured persons/man-year at labour) 

1970·75 1975·80 1980·85 1985·90 

- Manufacturing -28% -3% -30% -12% 

- Construction -13% -17% -21% -2% 

- Service sector -25% +8% -23% -10% 

- All occupations, combined -24% -34% -28% -11% 
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Background developments behind trends in the incidence of 
occupational injuries are made visible in table 2, L2, This table shows that 
in the period 1970-1985 the number of man-years at labour declined in all 
branches of industry, with the exception of the service sector (see table 
2,L2a). The injury risks declined as well (see table 2.L2b). This 
combination has led to a declining incidence of occupational injuries 
between 1970 and 1985. Since 1985 trends in both exposure and injury risk 
have changed. The labour force has increased in all branches of industry 
(see table 2.1.2a), whereas the declines in injury risk have levelled off (see 
table 2. L2b). This explains why the incidence of occupational injuries has 
risen in the most recent period under review. 

Figu .. c !2.I.S 

The clinical incidence of traffic injuries in the Netherlands, by type of injury, 1972M 1995 

(hospital admissions per 100.000 person-years) 
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Trends in injury severity and severity-adjusted case fatality 

The case fatality of traffic injuries has declined significantly since 1970 
(see figure 2.1.2). Using direct standardization we then checked whether 
this could be explained by changes in the age and sex of the traffic victims. 
We found that after adjusting for age and sex the decline in case fatality was 
even slightly greater. This means that the observed decline in the case 
fatality was caused by other factors. We studied the possible contribution of 
changes in injury severity by examining trends in hospital admissions 
resulting from traffic accidents according to type of injury (see figure 
2.1.5). Figure 2.1.5 reveals that the number of patients suffering intracranial 
injuries dropped very rapidly compared with the falling rates for other 
types of injury, especially during the period between 1972 and 1985. Thus 
the share of intracranial injuries declined from 43 % in 1972 to 23 % in 
1995. This is an important observation, as intracranial injuries account for 
more than half of all traffic deaths. 

Figlll·c2.1.6 , 

The case fatality of hospitalized traflie injuries in Ole Netherlands. 1972-1995 (ctude rates 
and severity~adjusted rates per 1000 injured persons) 
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Apart from changes in the distribution of injuries by type of injury, 
trends in the severity-adjusted case fatality could be important (see figure 
2.1.6). Figure 2.1.6 shows that the case fatality of hospitalized traffic 
victims rapidly declined between 1972 and 1995. There is a small 
difference between the crude rates and the figures adjusted for changes in 
the distribution of injuries. Of the decline in case fatality of hospitalized 
traffic victims only some 20% can be explained by changes in the 
breakdown according to type of injury. 

2.1.4 DISCUSSION 

Using injury surveillance data, we established the impact of dynamics in 
the incidence and case fatality of injuries on changes in the accident 
mortality trends. Accident mortality in the Netherlands increased between 
1950 and 1970, to be followed by a sharp decline that has only recently 
levelled off. The figures for both traffic accidents and nontraffic accidents 
(occupational and home and leisure accidents) reflect the rapid changes in 
the incidence and case fatality of injuries. These can be related to possible 
underlying factors. First of all, however, the influence of possible 
registration aliefacts must be ruled out. There are several reasons for 
assuming that registration errol' has not substantially influenced the results 
of our study. Similar trends were found in several independent data sources. 
Figures were taken from periods during which no major changes in 
registration criteria or procedures were implemented. 

And the observed developments in the incidence of injuries are plausible 
in the light of exposure developments. As registration error is probably not 
responsible for the observed trends in the incidence and case fatality of 
injuries, other determinants must have influenced the exposure, the injury 
risk, the injury severity and/or the severity-adjusted case fatality of injury 
victims. 

It was shown that developments in exposure (passenger kilometres 
travelled, man-years at labour) have greatly influenced trends in the 
incidence of traffic and occupational injuries. As a rule, increasing or new 
exposures lead to growing numbers of injuries and deaths in the popUlation. 
The rate of economic growth may well be a major underlying determinant 
in relation to exposure developments. Traffic mobility increased enormously 
during the years of rapid economic growth (1950-1970), then levelled off 
when the national economy plunged into successive recessions (1970-1985) 
and curved upward again during the recent spell of economic recovery 
(1985-1995). 
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Economic growth has also been impOliant in relation to occupational 
accidents. The number of man-years at labour declined between 1970 and 
1985, to be followed by a recent upswing as a result of the said economic 
fluctuations. The national economy is known to be a determinant of injuries 
at the population level,I' In addition, however, other autonomous factors 
have influenced exposure developments. These probably include 
demographic trends, socio-cultural trends and technological trends. I' 

Autonomous factors have probably also played an impOliant role in 
relation to the injury risks (injured persons per unit of exposure). We found 
rapidly decreasing injury risks (for both traffic and occupational accidents) 
between 1970 and 1985. It should be noted, however, that many injlllY risks 
had already been on the wane before 1970. As in other industrialized 
countries the constantly declining injury risks in traffic could be based on 
adaptation mechanisms, including an increasing familiarity with motorized 
traffic.lO The decreasing injlllY risks at work may have been influenced by 
autonomous faciors too, including the fact that the percentage of young 
(less than 25 years) and older workers (above 55 years) fell between 1970 
and 1985; these are the age groups with by far the highest injlllY risks. 
Similar developments are repOlied in other countries.lI·" Equally, 
teclmological progress will have helped to reduce the amount of high-risk 
employment. A final factor is the shift seen throughout the entire 
industrialized world towards employment in the service sector, which boasts 
a lower injury risk than does employment in agriculture, manufacturing and 
construction. 

Apart from autonomous factors, preventive measures have certainly 
helped to reduce the injury risks, in particular in the area of traffic injuries. 
Those measures were, in the first instance, of an infrastructural nature 
leading to reduced injury risks at an early stage. These infrastructural 
improvements can be seen as a policy component of the adaptation 
mechanisms referred to above. Secondly, a range of specific measures came 
into effect in the period 1970-1975, which was shown to have had a much 
steeper reduction in injury risks than any other time. The most impoliant 
preventive measures in this period were: 

the lowering of the speed limit on roads outside built-up areas (6 Februari 
1974); 
the drink/driving act, prohibiting the driving of a vehicle by those with a 
blood alcohol level of over 0.05 per mill (I November 1974); 
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- the introduction of compulsory crash helmets for moped riders (l Februari 
1975); 

- the introduction of the compulsory use of seat belts (l June 1975), 
preceded by the requirement that new cars be fitted with seat belts 
(l Januari 197 I). 

Changes in injury severity have been important in relation to the 
declining case fatality of traffic injuries. In this context a spectacular 
decrease in the number and share of intracranial injUl'ies among hospitalized 
patients was found. This has meant that the incidence of one of the most 
severe types of injury has been reduced. Some of the preventive measures 
that were mentioned have played a major role in this development. The 
compulsory crash helmet for moped riders aims to reduce the incidence of 
intracranial injuries, whereas seat belt use also leads to a sharper reduction 
of intracranial injUl'ies than of other types of injUly.2J 

Apal't from changes in the injury severity a decreasing severity-adjusted 
case fatality is another important factor. Between 1972 and 1995 the crude 
case fatality rate of hospitalized traffic victims declined substantially. About 
20% of this decrease could be explained by changes in the injury severity. 
In interpreting this finding, however, one has to consider the following. 
Many preventive measures (and crash helmets in paliicular) result in a more 
than proportionate reduction of the most severe injuries. Their 
implementation might have led to a decreased incidence of hospitalized 
(intracranial) injuries combined with a reduction of the mean severity 
score"·" of those injuries. Our data were not detailed enough to allow an 
adjustment for changes in the mean severity scores of the victims. 
Therefore, the effects of changes in injury severity on the case fatality of 
hospitalized traffic injuries are probably greater than shown by our 
calculations. 

Nevertheless factors other than changes in injury severity are likely to 
have contributed to the declining case fatality rates as well. The case fatality 
not only declined for traffic injuries (all modes oftranspol't), but for 
occupational (all branches of industry) and home and leisure injuries 
(accidental fall) as well. This may well partly be ascribable to 
improvements in medical care since 1970, such as: 

the improved treatment of severely injured patients by the introduction of 
intensive care; 
the improved diagnosis and treatment of intracranial injuries by the 
introduction of the CT -scan; 
the increasing proportion of operated injury victims; 

- the more rapid post-operative mobilisation of injury victims. 
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Some evidence on the role of medical care in relation to the case fatality 
of injuries in the Netherlands has already been reported in the literature. It 
was found that a significantly lower percentage of preventable fatalities is 
evident in hospitals offering more advanced trauma care.26 And in an 
analysis of regional mortality differences in the Netherlands a significant 
negative association was found between the presence of hospitals in the 
region offering advanced care and the case fatality of traffic injuries." 
Moreover, it was found that medical care plays an important role in relation 
to the declining case fatality of injuries due to accidental fall. This holds in 
paliicular for hip fractures. The clinical case fatality for this type of injury, 
which accounts for the majority of deaths from accidental falls, has declined 
sharply since 1970. The most impressive reductions were achieved in the 
age groups in which the percentage of patients operated on was 
considerably increased." 

In conclusion, our study has shown that the dynamic trends in accident 
mortality in the Netherlands since 1950 are based on several background 
factors. Autonomous factors, such as economic fluctuations and their 
influence on exposures, are probably of considerable impoliance. In 
addition, some indication was gained of the influence of both preventive 
measures (reducing the injury risk or the mean level of injury severity) and 
improvements in trauma care (reducing the severity-adjusted case fatality). 

Our study has fUliher shown that favourable trends in accident mortality 
can be accompanied by unfavourable trends in the incidence of injuries. 
MOltality trends should therefore not be monitored without using data on 
the incidence of injuries, as unfavourable public health developments could 
be misssed. 

Our study has finally shown that after a rapid increase (1950-1970) and 
an even more spectacular fall (1970-1985), we have now entered a third 
phase in the post-world war II development of accident mortality: recent 
trends, in particular in the incidence of injuries, are unfavourable. This 
points to the necessity of new measures aimed at reducing the incidence and 
severity of injuries. It seems that, celiainly if substantial reductions in the 
injUly risks and severity levels are no longer achievable, the control of 
exposure should be considered. Increasing or new kinds of exposure tend to 
increase the incidence of injuries, leading to an untolerable amount of 
health damage. 
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ABSTRACT 

Background: In order to suPPOtt injury control we assessed the direct 
medical costs and indirect costs of injuries in the Netherlands, making use 
of recent advances in health economics. 

Methods: We estimated the direct medical costs with the help of 
available data on health care utilization as a consequence of injuries. In our 
calculations of indirect costs we used two alternative approaches. We used 
the traditional Human Capital Approach, which estimates the potential 
economic production losses caused by diseases or injl11'ies. In addition, we 
applied the Friction Cost Method which has recently been developed as an 
attempt to measure the actual economic production losses to society. 

Results: Injuries are an important source of medical costs and economic 
production losses. Almost two-thirds of the medical costs are the result of 
accidents among females (mainly domestic accidents of elderly women). On 
the contraty and independent of the method used, more than 80% of the 
indirect costs are the result of injuries of males (mainly caused by a high 
frequency of traffic injuries, occupational injuries and sports injuries among 
young males ). The application of the Friction Cost Method enforces the 
impottance of injuries as a source of production losses in comparison to 
other diseases, showing that they belong to the three main causes of indirect 
costs to society. 

Conclusions: Estimates of the medical costs and both the potential and 
actual economic production losses to society clearly demonstrate that 
injuries should be a major concern for health policy makers and the medical 
profession. 
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Medical costs and economic 

production losses due to injuries 

in the Netherlands 

2.2.1 INTRODUCTION 

Injuries are a public health problem which is often underestimated by 
policy makers and the medical profession. In the Netherlands, as in many 
other industrialized countries, current health policy focuses on the 
prevention and treatment of chronic conditions, which are considered to be 
the major public health challenges of today.' 

Several indicators, however, show that injuries should not be neglected 
as a public health problem of major concern. Injuries, in fact, are a big 
challenge in both industrialized and developing countries. It has been 
shown that the percentage share of injuries as a cause of death ranges from 
6% in the established market economies of the world to almost 12% in 
China.' And maybe even more important are recent estimates of the burden 
of disability in populations. These estimates show that in the highly 
industrialized regions almost 10% of the number of years lived with a 
disability are the consequence of injuries, where this proportion even 
reaches 15% in developing countries.' 

There is substantial evidence that many injuries and their consequences, 
such as premature death and disability, are potentially avoidable by 
preventive measures or adequate trauma care.' This fact only increases the 
challenge for public health policy. 

In setting public health priorities, therefore, injuries should be taken into 
account. One of the possible tools for purposes of priority setting is the 
assessment of societal costs of diseases and injuries. 

Cost assessment gives an impression of the diagnostic groups which in 
an economic perspective put a high burden on society. This is imp0l1ant 
policy information in addition to available data on morbidity and mOliality 
in the population. 51 
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The production of reliable estimates of the costs of diseases and injuries, 
however, is rather difficult. From the area of health economics several 
methods have been emerging.'" 

This area of science has taught us that "cost-of-illness"-estimates have to 
be interpreted with care. The results of specific studies are highly 
dependent on the elements that are taken into account and on the methods 
that have been used.'" A major issue in the design of a cost-of-illness-study 
is whether or not restrict the scope of the study to the direct costs (costs of 
health care and other expenses) or to extend this to include the indirect 
costs (costs of production losses to society). 

In the area of injury control attention has hithelio mainly focused on the 
calculation of direct medical costs, 10·" although some studies have also 
included estimates of the indirect costs."·" 

There is an ongoing debate among health economists about the 
appropriate methodology for estimating the magnitUde of the indirect costs.' 
The indirect costs represent the economic impact of injuries beyond the 
health care sector, resulting from absence from work, disability and death. 
They on average represent over 50% of the total disease costs or total costs 
saved by health care interventions." This means that novel information on 
these costs due to economic production losses could be very important to 
policy makers in the area of injury control. 

Within the framework of surveillance activities undertaken to suppOli 
health policy, we have assessed the direct medical costs and indirect costs 
of injuries in the Netherlands, making use of recent advances in health 
economics.17 

The Netherlands is a small industrialized country in Western Europe. 
Demographic information at the time of our cost assessment shows a 
population size of almost 15 million persons. 

One qualier of the Dutch population is younger than 20 years, while 
13% may be classified as elderly (65 years and over). As in other 
industrialized countries, the propoliion of young people is shrinking, while 
the share of elderly people is rising. 

The Netherlands has a rather high population density, with more than 
400 persons per square kilometre of land area. It has an economically active 
population of about 4 million males and 2 million females. As in other 
industrialized countries, almost two-thirds of the work force is active in the 
service sector. At the time of our cost assessment, the unemployment rate 
was II % of the labour force in spite of a high mean level of education 
attainment among persons aged 20-64 years. 
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Our study addressed the following questions: 

What are the direct and indirect costs of injuries in the Netherlands, and 
how do they compare to the costs of other major diseases? 

What are the direct and indirect costs of specific subcategories of injuries 
in the Netherlands, and how do they compare to each other? 

2.2.2 DATA AND METHODS 

Our study on injury costs used a further refinement of the classification 
of a comprehensive cost-of-illness-study which divided the total Dutch 
health care budget among 48 diagnostic groupsY The diagnostic groups of 
this comprehensive study were derived from the ninth revision of the 
International Classification of Diseases and included the following injury 
categories: "traffic accidents", "non-traffic accidents" (including all 
accidental injuries outside the traffic system with the exception of 
complications of medical treatments) and "other injuries" (including 
medical complications, self-inflicted injuries and assault). 

For the purpose of our study we further subdivided both categories of 
accidental injuries. Traffic accidents were specified according to the mode 
of transport of the injury victim: passenger car occupant, cyclist, moped 
rider, pedestrian, other modes of transport. 

The heterogeneous category of "non-traffic accidents" was broken down 
into the following three subclasses: occupational accidents, domestic 
accidents and sports accidents. 

The category of "other injuries" was not further subdivided because of a 
lack of adequate data enabling costs to be allocated to specific 
subcategories. Data on the complete category of "other injuries" will 
nevertheless be presented in order to give a comprehensive picture of injury 
costs in the Netherlands. 

Dil'ect costs 

The direct costs as estimated in our study are restricted to the costs of 
injuries which are incurred within the health care sector. In this wayan 
impression is gained of the proportion of the Dutch health care budget 
needed for the medical care of injuries and specified subcategories. 

Additional direct costs, such as propeliy damage, are not included. 
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Adequate data are hardly available and previous studies in the Netherlands, 
which included these costs, have therefore produced highly variable 
results." 

For the estimation of direct medical costs the so-called "Top Down 
approach" has been used." This method divides the total costs of each 
health care sector (hospital care, nursing home care, general practitioner 
care, physiotherapy, domestic help, aids and appliances, ambulance 
transport and other medical care) according to diagnosis, age and sex. The 
total costs of each sector in health care are annually published by the Dutch 
government." These total costs can be subdivided by diagnosis, age and sex 
with the help of health care registration data", and information derived from 
population surveys on medical consumption as a consequence of injuries." 

Health care registration data allowed us to subdivide the costs of 
hospital care, nursing home care and domestic help by diagnosis, age and 
sex. Population survey data made it possible to subdivide the costs of 
general practitioners, physiotherapy and aids and appliances by diagnosis, 
age and sex. 

Adequate data on injuries were lacking for one important health care 
sector (namely that of ambulance transpOlt), preventing us from making a 
subdivision according to diagnosis, age and sex. Therefore the costs of 
ambulance transport are not included in this study. 

The "Top Down approach" in principle fits the purposes of our study. A 
direct comparison of the health care costs of injuries with the health care 
costs of other diseases can be made. The validity of the method, as in other 
approaches of cost assessment, depends highly on the quality of the 
available data. In our study hospital registration data (1988) and population 
survey data (1987) provided detailed information at the end of the eighties. 

Table 2.2.1 provides a summary of the data which were used to divide 
the total costs of it~uries in different health care sectors by injmy categOlY, 
age and sex. This table also gives an impression of the data underlying the 
calculations of indirect costs, which will be explained in the next section. 

Table 2.2.1 shows that for all relevant parameters in our cost calculations 
data were available on the situation in 1987 or 1988 (with the exception of 
the value of household production losses where data from 1990 had to be 
applied). 

The data were derived from statistics that were published by several 
national institutions between 1988 and 1992. An important part of the 
information came from the Central Bureau of Statistics (CBS) which 
annually publishes the results from national registries and population 
surveys from different areas, including health care. 
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Amongst them are data from the National Medical Registry (LMR) 
which annually collects very detailed information fi'om the hospital sector. 
Another part of the information came from the Consumer Safety Institute 
(SCV) which is a national centre on injury surveillance in the Netherlands. 

Most data for the calculations of indirect costs, could also be derived 
from the Central Bureau of Statistics (CBS). Data on long-term work 
disability, however, were gained from the Mutual Medical Service (GMD). 

At the time of our study this organization was responsible for all 
medical and administrative procedures applying to patients not returning to 
their jobs as a consequence of a disease or an injury. 

Data on household production losses were obtained from the Dutch 
Department of Social Affairs and Employment, which has a specific 
Technical Service on Earnings (LTD). 

Overview of data used for estimates of direct medical costs and indirect costs in 

the Netherlands. 

Cost element Data Source 

Direct medical costs 

- Hospital care National Registry 1988 CBS / LMR 1990 

- Nursing home care National Registry 1988 CBS / LMR 1990 

- Domestic help National Registry 1988 CBS ILMR 1990 

- General practitioners Population Survey 1987 SCV 1988 

- Physiotherapy Population Survey 1987 SCV 1988 

- Aids and appliances Population Survey 1987 SCV 1988 

- Ambulance transport Not available 

Indirect costs 

- Absence paid labour National Registry 1987 CBS 1988a 

- Absence non-paid labour Population Survey 198711988 CBS 1992 

- Long-term work disability National Registry 1988 GMD 1988 

- Mortality National Registry 1988 CBS 1989 

- Value production loss due Lifetime eamings per person by 

to fatal injuries age and sex in 1988 

- Value market production Average earning per worker by CBS 1988b 

loss due to non-fatal injuries age and sex in 1988 

- Value household production Average eaming of corresponding UD 1992 

loss due to non-fatal injuries occupations by age and sex in 1990 
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Indirect costs 

Indirect costs refer to the lost production capacity of individuals as a 
consequence of diseases and injuries. It may include the lost output of 
employed persons, the lost non-market production and the future 01' 

potential loss of production. Indirect costs do not include a valuation of life 
or non-fatal injury." They do not refer to "human costs" such as the 
expression in monetary terms of losses of life expectancy or physical and 
mental sufferings of the victims and their relatives. Estimates of indirect 
costs solely describe the production losses for society from an economic 
perspective. 

In our study, the indirect costs of injuries have been estimated with the 
help of two alternative approaches. First of all, we used the "Human Capital 
Approach". This method has a long tradition, and was previously applied in 
studies into the costs of injuries. ".Il This approach estimates losses of 
economic production as a consequence of disease or injury at a specific age, 
by taking into consideration the total potential productive value of 
employed persons from that age until the age of retirement. Moreover, the 
potential non-market productive value from that age until the mean age of 
death is taken into account. The Human Capital Approach ignores the fact 
that, within production processes, in the end everybody can be replaced. 
During sholi-term absenteeism, work may be taken over by other 
employees or may be postponed. During long-term absences, work can be 
taken over by unemployed persons or by a reallocation of employees over 
jobs. 

In an attempt to estimate the "actual" production losses to society 
instead of the "potential" production losses measured by the Human Capital 
Approach, health economists have recently developed the Friction Cost 
Method." Our study uses this method next to the Human Capital Approach 
to produce estimates of the indirect costs of injuries. 

The Friction Cost Method is based on the fact that a worker who 
becomes the victim of premature death or disability will be replaced in the 
economic process after a so-called "friction period". The length of this 
period and the resulting indirect costs depend on the situation on the labour 
market. The Friction Cost Method confines production losses to this friction 
period (2,5 months in the Netherlands in 1988), which is usually much 
shorter than the period from premature death 01' disability up to the age of 
retirement or the mean age of death. 
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In both the Human Capital Approach and the Friction Cost Method the 
following sources of production losses have been taken into account: 
premature death, shOli-term absenteeism, and long-term work disability 
(which in the Netherlands is defined as work disability after the decision is 
made that the patient cannot return to his job; in only a small minority of 
cases this decision is made within the friction period). To calculate indirect 
costs we used national registration data on mortality," long-term work 
disability" and short term absenteeism. 26 

We valued the production loss of paid labour by using the gross average 
earnings per worker, broken down by age and sex and taking into account 
the propoliion of full-time and part-time labour in the population." In 
calculating the non-market productive value we used the market alternative 
approach, assuming the value of household production to be equal to the 
costs of hiring personnel to do the housework." The average number of 
days of household production lost per person due to diseases or injuries was 
derived from a Time Use Survey in the Dutch population." Future earnings 
per person, based on average earnings and labour force participation rates 
by age and sex plus imputed household values were discounted at 5% per 
year. 

We calculated the direct medical costs and the indirect costs of injuries 
and other diseases in millions of Dutch guilders. These were subsequently 
translated into millions of U.S. Dollars based on the exchange rate between 
the two currencies of 1988 as provided by the Organization of Economic 
Cooperation and Development (OECD). ~ 
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2.2.3 RESULTS 

Direct medical costs 

Table 2.2.2 shows the direct medical costs of injuries in comparison to 
other diseases within various sectors of health care. The total direct medical 
costs of injuries amount to 952 million U.S. Dollars a year, or almost 5% of 
the complete health care budget in the Netherlands. 

The direct medical costs of injuries are equal to those of cancer and 
about half of the costs of cardiovascular diseases. As in other diseases, 
medical costs are mainly incurred within the hospital sector. Other 
important sources of direct medical costs of injuries are nursing home care 
and physiotherapy. 

TalUc 2.2.2 

Direct medical costs of injuries in comparison to olher diseases by health care sector (The 

Netherlands 1988; amounts in millions of U.S. Dollars; percentage shares between parentheses) 

All diseases Injuries Cardiovascular Cancer Locomotor Psychiatric 

diseases diseases diseases 

All medical 20.075 (1.00) 952 (0.05) 1.746 (0.09) 915 (0.05) 1.397 (0.07) 4.413 (0.22) 

costs 

General 906 (1.00) 40 (0.04) 77 (0.08) 17 (0.02) 55 (0.06) 28 (0.03) 

practitioners 

Physiotherapy 530 (1.00) 63 (0.11) 4 (0.01) I (0.00) 376 (0.71) II (0.02) 

Hospital care 7.033 (1.00) 641 (0.09) 825 (0.12) 795 (0.11) 685 (0.10) 322 (0.05) 

Mental health 3.046 (1.00) 3.046 (1.00) 

care 

Nursing home 1.974 (1.00) 86 (0.04) 427 (0.22) 46 (0.02) 183 (0.09) 767 (0.39) 

care 

Other 6.586 (1.00) 122 (0.02) 413 (0.06) 56 (0.01) 98 (0.02) 239 (0.04) 

medica] costs 
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Table 2.2.3 offers an impression of the direct medical costs for specific 
subcategories of injuries for males and females respectively. Injuries to 
females, mainly caused by domestic accidents, are responsible for almost 
two-thirds of the direct medical costs. Domestic accidents take the largest 
bite by far, causing more than 500 million U.S. Dollars out of the total 
medical costs of injuries. Injuries to cyclists form another striking 
subcategory and in the Netherlands cause more than twice the costs of 
injuries to passenger car occupants (in both males and females). 

Sports injuries appear to be an important subcategory too, with medical 
costs which are much higher than, for example, the costs of occupational 
injuries or injuries to passenger car occupants. 

Direct medical costs by injury category and gender (The Netherlands 1988; amounts in 

millions of u.s. Dollars). 

Males Females Both sexes 

Traffic accidenls (10181) 106 76 182 
~ Passenger car occupants 17 12 29 
M Cyclists 34 29 63 
M Moped riders 17 5 22 
- Pedestrians 13 13 26 
- Other traffic 25 17 42 

Non-traffic accidents (total) 199 387 586 
- Occupational injuries 24 5 29 
- Sports injuries 38 16 54 
- Domestic injuries 137 366 503 

Othel" injul"ies (total) 75 109 184 
(Intentional injuries/medical complications) 

Total medical costs of injuries 380 572 952 

59 
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Eigurc 2.2,1 

Direct medical costs of traffic injuries, occupational injuries, sports injuries and domestic 

injuries by age and sex (The Netherlands 1988; amounts in millions of U.S. Dollars). 
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From figure 2.2.1 it can be observed at what ages the direct medical costs 
of injuries and its main subcategories are generated. Among males, the highest 
medical costs of injuries are incurred in early adulthood (15-25 years of age). 
This is based on the combined effect of the high costs of traffic injuries (figure 
2.2.la), occupational injuries (figure 2.2.lb) and sports injuries (figure 2.2.lc) 
at this age. By contrast, among women, the impOliance of accidents among the 
elderly becomes immediately clear. The high level of direct medical costs of 
injuries in females is based to a large extent on the very high costs of domestic 
accidents suffered by elderly women (figure 2.2.ld). 

Indirect costs 

The indirect costs of injuries have been calculated according to both the 
Human Capital Approach (He) and the Friction Cost Method (Fe). Table 
2.2.4 shows the indirect costs of injuries in comparison to other diseases 
computed according to both methods. Injuries appear to be the source of 8% 
of the total indirect costs of diseases in the Netherlands. For males this 
percentage share reaches 9-10%, whereas in women it is somewhat lower 
(5%). Regardless of the method used, injuries rank third behind locomotor 
diseases and psychiatric disorders. Most strikingly, injuries have a higher 
propOliion in the total indirect costs of diseases than cardiovascular diseases 
and cancer. This difference becomes even more clear when the Friction Cost 
Method is applied. 

Table 2.2.:4 

Indirect costs of injuries by gender according to the Human Capital Approach (He) and Friction 

Cost Method (FC) (The Netherlands 1988; percentage shares of total indirect costs). 

Injuries Cardiovascular Cancer Locomotor Psychiatric 

diseases diseases diseases 

Human Capital Approach (HC) 

- Both sexes 0.08 0.08 0.04 0.27 0.23 

- Males 0.10 0.09 0.04 0.29 0.21 

- Females 0.05 0.03 0.04 0.23 0.30 

Friction Cost Method (FC) 

- Both sexes 0.08 0.02 O.oJ 0.17 0.10 

- Males 0.09 0.02 0.01 0.20 0.10 

" Females 0.05 0.01 O.oJ 0.11 0.11 
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Table 2.2.5 provides information on the indirect costs of specific 
subcategories of injuries in males and females respectively. Contrary to the 
findings for the direct medical costs, it would appear that the indirect costs 
are mainly generated by males. The potential production losses calculated 
by the Human Capital Approach of males (2851 million) and females (442 
million) add up to 3293 million U.S. Dollars. The actual production losses 
calculated by the Friction Cost Method are lower for both males (579 
million) and females (123 million), adding up to 702 million U.S. Dollars. 

, 
Tnble 2,2.5 

Indirect costs of injuries by source of economic production loss and gender according to the 

Human Capital Approach (HC) and Friction Cost MeUlOd (FC) (The Netherlands 1988; 

amounts in millions of U.S. Dollars). 

Human Capital Approach (HC) Friction Cost Method (Fe) 

Males Females Males Females 

Short-tenn absenteeism 876 185 566 121 

- Traffic accidents 157 53 85 30 

- Occupational accidents 359 27 240 19 

- Sports accidents 162 32 \13 23 

- Domestic accidents 136 54 93 37 

- Other injuries 53 19 35 12 

Long-tenn work 1.169 179 2 0 

disabilityl) 

Mortality 825 78 II 2 

- Traffic accidents 337 28 4 I 

- Non-traffic accidentsl
) \14 5 2 0 

- Other injuries 374 45 5 

Total indirect costs 2.851 442 579 123 

of injuries 

1) No infomlation available for any specification by injury category. 

2) No infomlation available for a breakdown into occupational accidents, sports accidents and 

domestic accidents. 
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According to both methods, over 80% of the indirect costs are the 
consequence of injuries in males. This may be explained as follows. First of 
all, in the age category between 20 and 60 years the incidence of injuries of 
males is much higher than of females. Secondly, the labour force 
participation rate in the Netherlands is much higher for males than for 
females. For many injured women production losses are restricted to work 
in the household, which is valued rather low in comparison to most jobs in 
the market sector. 

The relative proportion of the specific subcategories of injuries in the 
indirect costs is highly dependent on the method used. In the Human 
Capital Approach, traffic accidents are a major category. This is based on 
the high indirect costs as a consequence of traffic deaths, which often 
appear at younger ages. In the Friction Cost Method the indirect costs are 
almost entirely caused by short-term absenteeism. In this approach 
occupational accidents are the main cause of indirect costs, with sports 
injuries ranking second. This is due to the high frequency of these types of 
injuries among males p81iicipating in the labour force. 

2.2.4 DISCUSSION 

Our study has shown that injuries are an important source of medical 
costs (5% of the total health care budget) and economic production losses 
(8% of the indirect costs due to all diseases) in the Netherlands. 

Almost two-thirds of the direct medical costs of injuries are the result of 
accidents among females, which are mainly domestic accidents among 
elderly women. Another main source of health care utilization are the sports 
injuries, causing almost twice the direct medical costs of either injuries to 
passenger car occupants or occupational injuries. Injuries to cyclists are a 
remarkable subcategory too, causing by far the highest direct medical costs 
of all subcategories of traffic injuries in the Netherlands. 

The indirect costs of injuries are characterized by completely different 
patterns according to subcategory, age and sex. Contrary to the direct 
medical costs, more than 80% of the indirect costs are the result of injuries 
to males. This result remains the same independent of the method used. 

In calculating the po/ential production losses for society (Human Capital 
Approach) traffic injuries are a major source of indirect costs, whereas 
occupational injuries are by far the largest subcategory when the ac/ual 
production losses are computed (Friction Cost Method). 
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Estimates of both the direct medical costs and the indirect costs of 
injuries confirm that we are dealing with a major public health problem, 
which should be a priority area for research and policy. The above clearly 
demonstrates that cost assessment could be one of the tools in priority 
setting in public health policy and research. In interpreting the results of our 
study, however, one must be aware of some specific limitations, whereas in 
using this tool in general, methodological considerations have also to be 
taken into account. 

A general comment, already made in the introduction, is the high 
dependency of the resuits of cost-of illness-studies on the elements that are 
taken into account and on the methods that have been used. The results 
from our study show the huge difference between taking the direct medical 
costs into consideration or considering the indirect costs. Moreover, the 
different approaches available for the estimation of indirect costs produce 
quite different rankings of injury subcategories. This should be kept in mind 
when using cost estimates for priority setting purposes. 

In order to generate reliable cost estimates, the availability of adequate 
data on health care utilization, mortality, short-term absenteeism, and long
term work disability by diagnosis, age and sex is of primary importance. We 
used data from 198711988 in our study, which provided much detail on 
health care utilization due to diseases and injuries during that period. This 
enabled us to produce detailed estimates of the direct medical costs of 
injuries in 198711988. We had to use data from a few different years, which 
is very unlikely to have affected the main results of our study. The data on 
all but one of our parameters fell within a two-year period (1987/1988). The 
annual fluctuations of these parameters are probably too sma Ii to exert a 
significant influence on the calculations. More imp0l1ant is the fact that our 
cost estimates do not relate to the most recent situation in the Netherlands. 
Moreover, although we used the best data available, information on some 
important health care sectors (e.g. ambulance transport) was lacking. In 
interpreting the cost estimates of our study, these considerations on the 
available data must be taken into account. 

Our calculations of the direct medical costs in the Netherlands probably 
slightly underestimate the present importance of injuries in comparison to 
other diseases. First of all, the incidence of injuries in the Netherlands 
displays a slight overall increase in recent years, largely due to rising 
numbers of domestic accidents among the elderly." The importance of 
domestic accidents among the elderly as a cause of direct medical costs of 
injuries was demonstrated. Secondly, the costs of ambulance transport were 
not included in our study. 
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This sector occupies almost I % of the total health care budget in the 
Netherlands. Unpublished data from a local ambulance service have shown 
us that in all probability close to one quarter of the total ambulance costs 
should be assigned to injuries, which corresponds to 0.25% of the total 
direct medical costs. 

Contrary to the costs of health care, the indirect costs have probably 
been slightly overestimated in our study, as the incidence of occupational 
injuries and spOlis injuries has fallen slightly in recent years." It was shown 
that these are the subcategories with the highest actual production losses for 
society according to the Friction Cost Method. 

[n spite of the limitations described above, our study has produced 
results which are highly consistent with the results of other studies 
conducted on the direct medical costs of injuries, both in the Netherlands 
and abroad."'" In estimating the indirect costs of injuries, our study has 
generated new information to add to existing knowledge in this area. The 
results from our study clearly demonstrate the value of new economic 
methods for assessing the production losses for society. 

The application of the Friction Cost Method enforces the impoliance of 
injuries as a source of production losses in comparison to other diseases. In 
applying this method injuries belong to the three main causes of indirect 
costs (locomotor diseases, psychiatric diseases and injuries) and are far 
more important than cardiovascular diseases and cancer. 

Moreover, the method sheds light on the economic impact of specific 
subcategories of injuries of seemingly minor importance when using 
traditional public health indicators (mortality and morbidity). A good 
example is the subcategory of occupational injuries. In the Netherlands, this 
is a minor cause of death, responsible for only a small proportion of the 
direct medical costs and a moderate proportion of the potential production 
losses calculated by the Human Capital Method. Occupational injuries, 
however, are by far the most important source of actual production losses 
for society within the category of injuries. The Friction Cost Method 
assigns a heavy weight to production losses due to short-term absenteeism, 
whereas in the Human Capital Approach injuries at young ages leading to 
death or long-term work disability are very important. 

From an economic perspective, the Friction Cost Method seems to be 
the preferred approach in assessing the indirect costs, because this method 
takes the dynamics of the labour market into account. This yields better 
estimates of the economic production losses for society than traditional 
methods, such as the Human Capital Approach. 
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One must consider, however, that in estimating economic production 
losses, consequences of injuries with regard to "quality of life" (such as 
loss of healthy life expectancy and physical and mental sufferings) are not 
taken into account. For priority setting purposes, information on these 
"human costs" should in fact be available in addition to the information on 
"economic costs" as assessed in our study. Hence, research in this area 
should be stimulated. At present, adequate data on the quality of life of 
injury victims are hardly available. Moreover, the methodology should be 
further developed, although some interesting studies have already been 
performed.3H6 

Returning to the results of all!' study we can conclude the following. 
By estimating the health care costs, the potential economic production 

losses, and the actual economic production losses due to injuries in the 
Netherlands, it has been shown that this problem should be a major concern 
for both health policy makers and the medical profession. Several priority 
areas for further research and policy can be indicated. The assessment of 
direct medical costs confirms the importance of domestic accidents among 
the elderly and females in particular. It points to the problem of accidental 
fall and (hip) fractures"'J9 among the elderly, which can be seen as one of 
the important epidemics of western societies of today. Another priority area 
to be deducted from our study are the spOlis injuries, which appear to lead 
to both high direct medical costs and to high actual production losses for 
society. 

A priority area which seems rather specific for the Dutch situation is the 
problem of injuries to cyclists. In the Netherlands, a country of cyclists, 
injury victims within this subcategOlY produce direct medical costs which 
are twice as high as the costs of injuries to passenger car occupants. Finally, 
from estimating the actual production losses for society, is has become clear 
that the prevention of occupational injuries should not be neglected. 
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ABSTRACT 

In the Netherlands, a country with one of the lowest levels of traffic 
accident mortality in the world, large regional mortality differences can be 
observed. An analysis was performed to determine the role of regional 
differences in traffic mobility (kilometres travelled/person-years), injUly risk 
(injured people/kilometre travelled) and case fatality (traffic deaths/injured 
people). Subsequently, possible determinants of regional differences in 
traffic accident mOliality and its constituent parts were investigated. Both 
the influence of sociodemographic factors and of factors likely to be more 
directly related to traffic deaths (road infrastructure, medical care) were 
studied. 

Regional differences in traffic accident mortality in the Netherlands are 
attributable to regional differences in traffic mobility to only a velY limited 
extent. Far more important are regional differences in case fatality. 

Of the sociodemographic factors that were used in the analysis, per 
capita income appears to be the strongest predictor of regional mortality 
differences. A higher income level is associated with lower mOliality levels. 

Of the factors more directly related to traffic deaths, traffic density and 
the availability of advanced trauma care (neurosurgelY and computerized 
tomography (CT-scan» in the region are the most important predictors of 
regional mOliality differences. Both variables show an inverse relationship 
with case fatality. In all probability, a higher traffic density is accompanied 
by less severe injuries. The availability of advanced trauma care could be 
important in early diagnosis and treatment of head injuries. 

The results of this study, based on existing data sources, must be 
interpreted with care. Some potential sources of bias (omitted variables, 
regional differences in accident reporting) are discussed. 
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Determinants oj traffic accident 

mortality in the Netherlands: 

a geographical analysis 

3.1.1 INTRODUCTION 

In the industrialized world, traffic accident mortality has been decreasing 
since the early 1970s. Especially in the decade between 1970 and 1980 a 
spectacular fall could be observed in many countries.' One of the most 
impressive reductions during this period was achieved in the Netherlands, 
where the number of fatal injuries dropped by almost 40%,' leading to a 
mortality level which is one of the lowest in the world. Despite this 
development, however, traffic accident mortality still forms an impoliant 
public health problem in this country,' which, in addition, appears to be 
characterized by large regional differences.' 

In other countries, regional differences in traffic accident mOliality have 
been shown to reflect the influence of socio-demographic variables (i.e. an 
inverse relationship between the regional mortality level on the one hand, 
and per capita income and degree of urbanization on the other)."'"'' This 
reported influence of socia-demographic variables can probably be 
attributed to regional differences in more specific characteristics describing 
road behaviour, road vehicles, infrastructural road safety measures andlor 
the accessibility and quality of medical care. It has been hypothesized that 
regional differences in road behaviour (e.g. less seatbelt use in lower 
income areas) and road vehicles (e.g. vehicles predating safety regulations 
used more commonly in lower income areas) could underly the inverse 
relationship between traffic accident mortality and income.' 

The observed inverse relationship between traffic accident mortality and 
urbanization might at least in pali be explained by a higher level of 
infrastructural road safety measures and a better accessibility and quality of 
medical care in the more urbanized parts of a country. 
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About possible specific determinants of traffic accident mortality, a 
celtain amount of information is available, too. Alcohol consumption, 
vehicle speed, and vehicle age have all been found to be positively 
associated with motor vehicle death rates. JO Poor road design is known to 
contribute to the likelihood and severity of crashes." And some authors 
have reported a negative association between the accessibility and quality of 
medical care and the level of traffic accident mOltality.12.13 

It is not known which of the aforementioned or other factors account for 
the observed regional mortality differences in the Netherlands. The analysis 
to be reported here used three levels of explanation. As a first step, regional 
mOltality differences were specified according to the model presented in 
figure 3. I. I. 

In this model the regional level of traffic accident mOltality (the number 
of traffic deaths per 100.000 person-years) is the product of the traffic 
mobility (the number of kilometres travelled per 100.000 person-years) and 
the fatal injury rate (the number of traffic deaths per kilometre travelled). 
The fatal it~ury rate, in turn, is the product of the injury risk (the number of 
injured persons per kilometre travelled) and the case fatality (the number of 
traffic deaths per injured person). The model was originally developed to 
analyze time series data on traffic accident mortality. Changes over time are 
known to be influenced by many different factors.14 The spectacular fall of 
traffic accident mOltality in the Netherlands between 1970 and 1980 
referred to above, for example, resulted from a deceleration of the growth 
rate of traffic mobility combined with decreases in both injury risk and case 
fatality. I< 

The second patt of the analysis investigated the influence of socio
demographic factors. The third part tried to establish the effects of more 
specific determinants of regional mortality differences. 

The analysis addressed the following questions; 

- To what extent can regional differences in traffic accident mortality be 
explained by regional differences in traffic mobility, injury risk and case 
fatality respectively? 
Which relations can be observed between traffic accident mOltality and its 
constituent parts on the one hand, and socio-demographic factors on the 
other? 
What relationships can be observed between traffic accident mortality and 
its constituent parts on the one hand, and variables describing road 
behaviour, road vehicles, infrastructural road safety measures and medical 
care on the other? 
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Eiglll'c 3.1.1 

An analytical model of regional differences in traffic accident mortality. 

Traffic accident mOltality 

(traffic accident deaths! 

100,000 person·years) 

Traffic mobility 

(kilometres travelled! 

100.000 person-years) 

r-------------- ---- -- ---- ---- -- ---1 
! Fatal injury rate I 
I . I (traffic accident deathsl I 

i kilometre travelled) i 
. I L. ____ . __________________ ________ ~ 

c=J directly observed in this study 
[~~~~] indirectly derived in this study 

r---------------------------------1 
I ~ljUry risk I 
I (injured persons! I 
I kilometre travelled) I 
I • L ________________________ _______ .1 

Case fatality 

(traffic accident 

deaths/injured person) 

This figure shows a modification of the model presented in figure 1.2.1 adapted to the standards of 

international teamc safety research. It includes the 'fatal injury rate' as one ofthe central concepts 

of this area. 

3.1.2 DATA AND METHODS 

Data were collected on all the parameters distinguished in the model 
represented in the introduction. 

Information about traffic accident mortality was obtained in the 
following way. For the timeperiod 1980-1984 numbers of traffic deaths. by 
age (0. 1-4,5-14, ",,85-94, 95'), sex and region of residence were available 
from a computerfile supplied by the Dutch Central Bureau of Statistics 
(CBS), During this period, 9339 deaths from traffic accidents were 
registered in the Dutch cause-of-death-statistics. These casualties could be 
subdivided by mode of transport using the four-digit codes given in the 9" 
revision of the International Classification of Diseases (lCD). 
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In this way the following categories were selected: motor vehicle 
occupants, cyclists, pedestrians and other and unspecified modes of 
transport. Because in the Netherlands, as in other countries, a large 
proportion of traffic accident deaths fail to be specified by mode of 
transport in the cause-of-death statistics,16 we also paid attention to the 
category "all modes of transp0l1 combined". Forty so-called COROP
regions were distinguished in the analysis, representing geographical areas 
serviced by one or more larger cities. Regional Standardized Mortality 
Ratios (SMRs) were calculated using national age- and sex-specific 
mortality rates of the period 1980-1984 as the standard. Population numbers 
by age, sex and region were available from the Dutch population register. 

Data on traffic mobility were also obtained from the CBS, which 
performs annual mobility surveys in the Netherlands. We had access to 
information about the average annual numbers of kilometres travelled, 
broken down according to the mode of transport and region of residence. 
These figures were derived from the results of the mobility surveys over a 
three-year-period (1982-1984; n=5 1.3 17). The regional mobility data were 
standardized for age and sex using national age- and sex-specific mobility 
rates for the period 1982-1984 as the standard. 

Subsequently, an index of the regional/alai injury rate was calculated by 
dividing the standardized regional mOl1ality data by the standardized 
regional mobility data. In order to calculate the last two parameters of our 
model, we used a different computer file obtained from the CBS. This file 
contained data on the numbers of injured persons and traffic deaths by age, 
sex, mode of transp0l1 and region of accident occurrence, for the period 
1980-1984. These data are reported by the police to the so-called Road 
Accident Records Office." 

This file enabled us to obtain an index of the case /alality by dividing 
traffic deaths by injured persons. Standardization by age and sex was 
reached using national age- and sex-specific case fatality data of the period 
1980-1984 as the standard. Unlike the first three parameters of the model, 
which were calculated by region of residence, this data set offered 
information about the case fatality according to the region in which the 
accident occured. It can be assumed, however, that case fatality rates by 
region of residence, and by region of accident occurrence are quite similar. 
Most accidents occur either in the region in which the victim resides or in 
an adjacent region. In the Netherlands, a pattern of clusters of adjacent 
regions with similar case fatality levels can be observed. 
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Finally, an index of the ilyury risk was calculated. Because the fatal 
injUly rate is the product of the injury risk and the case fatality, this could 
be done by dividing the fatal injmy rate by the case fatality. In calculating 
this rate, case fatality by region of residence was assumed to be similar to 
case fatality by region of accident occurrence. 

With the help of the parameters calculated above, a detailed description 
of the geography of traffic accidents in the Netherlands could be given. 

Subsequently, using the technique of multiple lineal' regression,.' two 
separate analyses were performed, in order to find determinants of the 
observed regional differences. 

In the first analysis, the influence of socio-demographic factors was 
investigated. Four socio-demographic variables were selected for entering 
into a multiple linear regression model. 

Pel' capita income and degree of urbanization were chosen because of 
the results of analyses of regional differences in other countries, as was 
mentioned in the introduction. In addition, the unemployment rate was 
selected because of its rep0l1ed influence on traffic accidents (i.e. a high 
level of unemployment leads to a reduction of accident frequency and 
severity, because of a reduction of the proportion of young adults within the 
driving population"'''). The proportion of Roman Catholics in the 
popUlation was added, as this religious dimension appeared to be an 
important - probably lifestyle-related - determinant of regional mortality 
differences in the Netherlands for many other causes of death."B The 
correlations between the selected variables were all below 0.60. All 
sociodemographic data were obtained from the CBS. 

The second analysis attempted to establish the influence of a number of 
regional characteristics assumed to affect injUly frequency, injury severity 
and/or injury outcome. Five variables on which data were available were 
selected for entering into a multiple lineal' regression model. Traffic density 
was chosen because of its hypothetical influence on both injury frequency 
(the chances of collision are expected to rise with increasing traffic density) 
and injUly severity (injUly severity is expected to fall with increasing traffic 
density, because of decreasing travel speeds). The availability of highways 
and of cycling tracks were used as indicators of the level of infrastructural 
road safety measures. The mean length of ambulance transp0l1 was used as 
an indicator of the accessibility of medical care. Finally, a crude measure of 
the quality of medical care was derived by using the availability of a 
hospital with computerized tomography and neurosurgelY, which are 
essential elements in the diagnosis and treatment of head injuries (65% of 
all traffic deaths). "." 
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The variables used in the first analysis can offer information about 
possible economic and cultural 'backgrounds' of regional mortality 
differences. These economic and cultural backgrounds probably exert their 
influence by means of more specific 'intermediate factors', such as the 
variables used in our second analysis. 

We studied the appropriateness of the linear regression models by 
estimating a number of alternative equations which contained quadratic 
terms for each of the variables in addition to the original linear terms. Less 
than 5% of these alternative equations led to a better fit, and nowhere were 
the substantial results affected. We have therefore only reported the results 
of the linear regression models. 

Regional differences in trame accident mortality in the Netherlands, 1980-1984, both sexes, 

all ages, all modes of transport combined . 

Sj[R 
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3.1.3 RESULTS 

In the Netherlands, traffic accident mortality is low in the western 
regions of the country, whereas regions with high Standardized MOIiality 
Ratios aI'e found in the NOlih, East and South-east (figure 3.1.2). 

If traffic accidents are broken down according to mode of transport, 
statistically significant regional differences for all categories of road users, 
except pedestrians are seen (table 3.1.1). 

Regional differences in trame accident mortality in the Netherlands, 1980-1984, by mode of 

transport, 

Mode of lCD-codes, Number of Extreme values Chi- Product-moment 

transport 9d> revision traffic accident of Standardized square correlation with all 

deaths,1980-1984 Mortality Ratios modes, combined 

All modes, E 800-848 9339 0.62-1.45 522** ( 1.00) 

combined 

Motor vehicle E 810.0-825.0, 1848 0.34-2.22 293** 0.89 

occupants E 810.1-825.1 

Cyclists E 800.3-807.3, 1732 0.23-1.72 252** 0.67 

E 810.6-825.6, 

E 826.1-829.1 

Pedestrians E 800.2-807.2, 1373 0.30-1.38 51 0.10 

E 810.7-825.7, 

E 826.0-829.0 

Other and Other codes in 4386 0.65-1.66 279** 0.87 

unspecified the range 

modes E 800-848 

Significance level: * p < 0,05 "p<O,OI 

Source: cause-of-death register CBS 
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The correlations between mortality by mode of transport with traffic 
accident mOltality as a whole are high, again with the exception of 
pedestrians. This shows that for most categories of road users a pattern of 
regional differences can be observed which is quite similar to the pattern 
illustrated in figUl'e 3.1.2. 

The observed pattern of regional differences in traffic accident mOltality 
carmot be fully explained by regional differences in traffic mobility (table 
3.1.2). 

Average values of traffic mobility, fatal injury rate, injUl)' risk and case fatality by traffic 

accident mortality quintilc. 

Mode of transport Traffic accident mortality Average values 

(as a proportion orthe national level) 

Quintile borders Average value Traffic Fatai injury Injury Case 

of SrvtR in quinlile mobility rate risk fatality 

All modes, combined 0.62·0.80 0.71 0.86 0.83 1.39 0.59 

0.8\-0.95 0,88 1.08 0,82 0,90 0,88 

0.96-1.15 1.04 l.OI 1.03 0,96 1,07 

1.16·1.33 1.22 1.04 1.19 0,90 1.32 

1.34-1.45 1.39 1.01 1.38 0.85 1.62 

. product·moment· (+1.00) +0.32 +0.76 -0.46 +0.87 

correlation with SMR 

Molor "ehlcle Occupanls 0.34-0.67 0.56 0.82 0.68 1.13 0.60 

0.67-0.92 0.8\ 1.08 0.75 0.70 1.07 

0.93·1.29 1.07 0.97 1.10 1.07 1.03 

1,29-l.51 1.40 1.16 1.20 0.93 1.29 

1.52-2.22 1.73 1.08 1.60 1.16 1.38 

- product-moment- (+1.00) +0.41 +0.88 +0.18 +0.74 

correlation with SlvIR 

Cyclists 0.23-0.73 0.54 0.75 0.72 1.58 0.46 

0.73-0.88 0.82 0.95 0.86 0.93 0.92 

0.89-1.02 0.96 1.10 0.87 0.78 1.12 

1.03-1.38 1.I9 1.02 1.17 0.80 1.46 

1.39-\.72 1.57 1.13 1.39 0.89 1.56 

- product-moment- (+1.00) +0.62 +0.89 -0.31 +0.60 

correlation \,ilh SMR 
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Regional differences in the fatal injury rate contribute strongly to the 
observed m0l1ality differences for all modes of transport combined, and for 
motor vehicle occupants. In the case of cyclists, some of the variation in 
mortality seems to be caused by regional differences in the use of the 
bicycle. Even for this mode of transport, however, differences in the fatal 
injury rate are of more importance. The pattern of regional differences in 
fatal it~ury rate does not reflect regional differences in injury risk. Instead, 
differences in case fatality appear to be the underlying factor. It can even be 
obselved that those regions with the most favourable fatal injury rates have 
(by far) the highest injury risks. 

In examining the influence of socio-demographic factors on mortality, 
mobility and fatal injury rate, some interesting results were found (table 
3.1.3). 

Per capita income, chat1ed by region, appears to be a strong predictor of 
regional traffic accident mortality differences, in the sense that a higher 
income level goes hand in hand with lower Standardized Mortality Ratios. 
The unemployment rate has been observed to exert the same influence. As 
was reported in the literature, a higher level of unemployment is associated 
with a lower level of morlality. 

The proportion of Roman Catholics in the population, in contrast, shows 
a positive association with the level of traffic accident mortality, which is 
highly significant in the case of cyclists. 

In the case of all modes of transport combined and of motor vehicle 
occupants separately, the relationships between the mentioned 
sociodemographic factors and regional mortality differences largely reflect 
associations between these factors and the fatal injUly rates. For all modes 
of transport combined, for example, a highly significant negative 
association is found between per capita income and the fatal injury rate 
index. In quantitative terms, the effect is as follows: an increase in per 
capita income level of one standard deviation (1.4 x 1000 guilders) above 
the mean (12.2 x 1000 guilders) leads to a decrease in the fatal injury rate 
index of(0.123 x 1.4~) 0.17. 

In the case of cyclists, on the other hand, an important part of the 
influence of sociodemographic factors on mortality should be attributed to 
differences in the use of bicycles. 
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Multiple regression of traffic accident mortality, traffic mobilily and fatal injury rate on 

sociodemogl'aphic characteristics. 

Trame accident mortality 

All Molor Bicycle 

vehicle 

Regression coefficients 

Traffic mobility 

All Motor Bicycle 

vehicle 

All 

Fatal injury rate 

Motor Bicycle 

vehicle 

Per capita income -0.141" ·0.238" -0,138" +0.006 ·0,004 -0.093" _O.123 u -0.193" -0.057* 

(1000 gld) 

Unemployment rate -0.037" -0.05S** ·0.059" -0.008 -0.011 -0,033" +0.024 -0,039' ·0.02S* 

(% persons unemployed) 

Degree of urbanization -0.002 

(% persons living in 

-0.003 +0,000 -0.003* -0.005* +{).OOI +0.000 +0,000 +0.000 

large cities)') 

Proportion of 

Roman Catholics 

+0.002* +0,004* +O.OOS" +0.000 +0.000 +0.002 +0.001 +0.003* +O.004 H 

(% persons with Roman 

Catholic religion) 

R' 0.71 0.64 0.52 0.17 0.24 

Significance level (t\vo-sided-tcst) >I' p < 0,05 **p<O.OI 

I) calculated in the following way: 

a (% living in cities with more than 100,000 inhabitants)+ 

0.5b (% living in cities willi mOre than 50.000 inhabitants) 

0.30 0.46 0.53 0.37 
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Our second model investigated the influence of characteristics 
describing road infrastructure and medical care (table 3.1.4). Unfortunately, 
regional data about road behaviour (e.g. alcohol consumption, seat belt use) 
or road vehicles (e.g. vehicle age) were not available. Different sets of 
independent vairables were related to different outcome measures (e.g. 
medical care variables were not related to injury risks), or road user 
categories (e.g. availability of cycling tracks was not used in the case of 
motor vehicle occupants). 

None of the selected variables appears to be a strong predictor of 
regional differences in the fatal injury rates of all road user categories. For 
some variables this might be explained by opposite effects on injury risk 
and case fatality respectively. Traffic density, for example, shows positive 
associations with the injury risk, where an inverse relationship with the case 
fatality is found. In spite of these opposite effects, however, a significant 
negative association is found between traffic density and the fatal injury rate 
of motor vehicle occupants. 

Regional differences in injury risk appear to a certain extent to be 
attributable to the number of motor vehicles on the roads too. Interestingly, 
this variable seems to offer a better explanation for regional differences in 
injury risk among cyclists than for those among motor vehicle occupants. 

The amount of motor vehicles on the roads also contributes to regional 
differences in case fatality. The observed inverse relationship indicates a 
shift towards less severe injuries in regions with higher traffic density. In 
addition, case fatality appears to be lower in regions with advanced trauma 
care, as measured by the availability of a hospital with neurosurgery and CT 
scan in the region. This association only reaches statistical significance for 
all modes of transpOli combined. 
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Multiple regression of fatal injury rate, injury risk and case fatality on characteristics of 

traffic and/or medical Cffi'C 

Regression coefficients 

Fatal injury rate Injury risk 

All Motor Bicycle AJI Molor Bicycle 

vehicle vehicle 

Case fatality 

All Motor Bicycle 

vehicle 

Traffic density (motor 

vehicleslkm road length) 

-0,004 -0.006· +0.003 +0,011" +0.004 +0.009" -0.014" _O,OlOu ·0.011" 

Availability of highways -O,Oll ·0,025 

(km highway/I 00 km 

road length) 

Availability of cycling 

tracks (km cycling track! 

100 kIn road length) 

+0.007 

Mean length of +0.000 -0.007 

ambulance transport 

(km ambulance transport! 

transported victim) 

Availability of hospital -0,044 ·0.142 

with computerized 

tomography and neuro-

surgery (yes or no) 

R' 0.28 0.39 

-0,062. -0,041 

-0.004 -0.032 

·0.008 

-0.065 

0.17 0.50 0.08 

Significance level (two-sided-test) * p < 0.05 **p<O.OI 

+0.048 +0.018 

·0,017 +0.028 -0.018 

+0,004 +0.003 +0.002 

-0.151· -0.135 -0.166 

0.52 0.82 0.71 0.56 

Ifno regression coemcient is mentioned, the variable has not been included in the model (see text 

for explanation) 
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3.1.4 DISCUSSION 

In the Netherlands, a country with one of the lowest levels of traffic 
accident mOliality in the world, remarkable regional differences can be 
observed. The western part of the country is characterized by low 
Standardized MOliality Ratios, whereas unfavourable figures are 
encountered in the North, East and South-east. The observed pattern of 
variation is not only the result of regional differences in traffic mobility, but 
also reflects important regional differences in the number of traffic deaths 
per kilometre travelled. These regional differences in so-called fatal injury 
rates are based on regional differences in case fatality. The findings 
contradict prior expectations based on the analysis of time series data on 
traffic accident deaths, showing injury risks to be a major determinant of 
changes over time.)'" 

As in all studies based on existing data sources, the reported findings 
must be interpreted with care, because of possible registration artefacts. 
This study used several data sources, one of these being based on police 
records. Underreporting is a well-known phenomenon in traffic accident 
statistics based on police records (where the numbers of injured persons are 
concerned).27 Obviously, there may be regional differences in registration 
threshold, in the sense that fewer injuries are reported by the police in the 
more rural parts of a country. If so, this would lead to an ariificial decrease 
in injUly risk combined with an increase in case fatality in these areas. 

In order to find the determinants of the observed geographic varations 
two separate analyses were performed. The first analysis investigated the 
influence of socio-demographic factors. Three of the factors that were 
selected appear to contribute to the explanation of the observed regional 
differences in fatal injury rates: income, unemployment and religion. 
Contrary to reported findings no influence of urbanization was found. Of 
the selected factors income is the most prominent, showing a significant 
negative association with the fatal injury rates of all road user categories. 
As mentioned in the introduction, this association could be based on 
differences in road behaviour and/or road vehicles (e.g. less seat-belt use 
and/or older motor vehicles in lower income areas). Contrary to motor 
vehicle occupants, the inverse relationship between income and accident 
mOltality for cyclists must in part be contributed to a significant negative 
association between income and traffic mobility. 

The second analysis investigated the influence of factors more directly 
related to traffic accident mortality. None of the selected variables appears 
to be a strong predictor of the observed regional differences in fatal injury 
rates. 
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These characteristics offer a better explanation for regional differences 
in case fatality. It is interesting to observe that, first of all, case fatality 
appears to be influenced by traffic density. Case fatality is high in regions 
with a low traffic density, which could be the result of a higher prop0l1ion 
of severe injuries in these regions. This, in turn, could reflect higher travel 
speeds during the accidents happening here. A second imp0l1ant factor is 
the availability of a hospital with computerized tomography and 
neurosurgery. Case fatality is lower in regions where there is access to this 
facility. This result is in line with a clinical evaluation of the survival of 
accident victims performed in the Netherlands." It could indicate that in 
regions without access to institutions equipped with all the facilities needed, 
diagnosis and treatment is delayed because patients are transported to the 
nearest hospital, followed by the hazards of interhospital transp0l1. 29 

Like all studies using statistical models, the analyses reported have their 
limitations. An important possible source of bias is the so-called omitted
variable problem, which arises when a statistical study does not account for 
all explanatory variables. Our second model included no variables 
describing road behaviour and road vehicles. As far as case fatality is 
concerned, for example, these might be important explanatory variables 
(e.g. seat-belt use, travel speed, vehicle size, vehicle age), producing their 
effect through differences in injury severity. For this reason the results 
obtained must be interpreted with care. Whether case fatality is lower due to 
the availability of neurosurgery and CT scan, for example, can only be 
established after controlling for differences in injury severity. We tried to do 
so, by entering traffic characteristics which are assumed to affect injlllY 
severity into the multiple linear regression model. 

Because important characteristics of road behaviour and road vehicles 
might be omitted, however, it would be wise to repeat the analysis after the 
introduction of injury severity scores,")1 in traffic accident reporting systems 
in the Netherlands, as has already been recommended.' 

In spite of their limitations the analyses that were performed have 
yielded valuable information. Socio-economic differences as measured by 
per capita income level were found to be strongly associated with regional 
differences in traffic accident mortality. For motor vehicle occupants and 
cyclists respectively, this association appeared to be based on somewhat 
different mechanisms. It seems worthwile to clarify the reasons behind this 
association, e.g. as part of the Dutch National Research Programme into 
socio-economic health differences. 
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The study offers some support for the hypothesis that the lack of 
necessary medical facilities in an area increases the risk of dying because of a 
traffic accident. This means that if plans to improve trauma care in the whole 
country' are implemented, special attention should be paid to high risk areas. 

REFERENCES 

I. European Conference of Ministers of Transport. Statistical report on road accident trends in 

1984. Paris: OEeD; 1986, p21. 

2. Lamm R, Chouieri EM, Kloeckner JH. Accidents in the U.S. and Europe: 1970-1980. Accid 

Anal Prey 1985;17:429-38. 

3. Lapre RM, Mackcnbach JP (Eds.). Accidents in the year 2000; accident and traumatology 

scenarios 1985·2000. Dordrecht: Kluwer; 1989, p24. 

4. Mackenbach JP. Mortality and medical care: studies ofmortaJity by cause of death in the 

Netherlands and other European countries (thesis). Rotterdam: Erasmus University; 1988, p.64. 

5. Baker SP, Whitfield RA, O'NeiliB. County mapping of injury mortality. J Trauma 1988; 

28:741-45. 

6, Anonymus. Regional variation in mortality from motor vehicle accidents. Metrop Stat Bull 

1987;68:27-31. 

7. Balarajan R, McDowall ME. Regional socio-economic differences in mortality among men in 

Great Britain today. Public Health 1988; 102:33-43. 

8. Bentham G. Proximity to hospital and mortality from motor vehicle tramc accidents. Soc Sci 

Med 1986;23:1021-26. 

9. Baker SP, Whitfield RA, O'Neill B. Geographic variation in mortality from motor vehicle 

crashes. N Engl J Med 1987;316: 1384-87. 

10. Ziatopcr TJ. Models explaining motor vehicle death rates in the United States. Accid Anal Prey 

1989;21: 125-154. 

II. Wright PH, Robertson LS. Priorities for roadside hazard modification. Trame Engin 1976; 

8:24-30. 

12. Brodsky H, Hakkcrt AS. Highway fatal accidents and accessibility of emergency medical 

services. Soc Sci Med 1983;17:731-40. 

13. Simpson D, North B, Gilligan J et al. Neurological injuries in South Australia: the inf1ueuce of 

distance on management and outcome. Aust N Z J Surg 1984;54:29-35. 

14. Smeed RJ. Variation in the pattern of accident rates in different countries and their causes. 

Traffic Engin Control 1968;11:364-71. 

15. van Beeck EF, Mackenbach JP, van Oortmarssen GJ, Barendregt JJM, Habbema JDF, van der 

Maas PJ. Scenarios for the future development ofaccidenl mortality in The Netherlands. Health 

Policy 1989;11:1-17. 

16. Hutchinson TP. Reliability of motor vehicle fatality statistics: an international perspective. Can J 

Publ Hlth 1985; 76:413-14. 



~ 

~ 
ii 
~ 
~ ...s 

. E 
g 
l'! 
0 

E 
~ 

~ 
<l 
" 
~ 
li 
~ 
;" 

" " .E 

~ 
Q 

88 

3·1 

17. Maas MW, Harris S. Police recording ofraad accident inpatients. Accid Anal Prey 1984; 

16:167-84. 

18. Klcinbaum DO, Kupper LL, Morgenslem H. Epidemiologic research principles and 

quantilath'c methods. London: Lifetime Learning Publications; 1982. 

19. Mercer Ow. Influences on passenger vehicle casualty accident frequency and severity: 

unemployment, driver gender, driver age, drinking driving and restraint device use, Accid 

Anal Prey 1987; 19:231-36. 

20. Partyka sc. Simple models of fatality trends using employment and population data. Accid 

Anal Prey 1984;16:211-222. 

21. Muller A. Business recession, alcohol consumption, drinking and driving laws: impact on 

Oklahoma molor vehicle fatalities and fatal crashes. Am J Public Health 1989;79:1366-70. 

22. Mackenbach JP, Kunst AE, Looman CWN, Habbema JDF, van der Maas PJ. Gezondheidszorg 

en vennijdbare sterfie: voorbeelden van het gebruik van sterfiegegevens voor nationaai en 

rcgionaal gezondheidszorgbeleid. (Health care and avoidable mortality: examples of tile use of 

mortality figures for national and regional health policy, in Dutch) Rotterdam: Erasmus 

University, 1988. 

23. 

24. 

25. 

26. 

27. 

28. 

29 . 

30. 

31. 

Mackenbach JP, Kunst AE, Looman CWN. Cultural and economic deternlinants of regional 

mortality patterns in the Netherlands. J Epidemiol Comm Health 1991;45:231-237. 

Rose J, Valtonen S, Jennet B. Avoidable factors contributing to death after head injury. Br Med 

J 1977;2:615-18. 

Jones JJ, Jeffreys RV. Relative risk of altemative admission policies for patients with head 

injuries. Lancet 1981; 2:850-52. 

Jennet BJ, Briggs M, Clarke P et al. Guidelines for initial management after head injury in 

adults. Bf Med J 1984;288:983-85. 

Hutchinson TP, Road accident statistics. Adelaide: Rumsby Scientific Publishing;1987, p77. 

Draaisma JMTh. Evaluation of trauma care: with emphasis on hospital trauma care (thesis). 

Meppel: Krips Repro; 1987,1>156. 

Gentleman D, Jennet B1. Hazards of interhospital transfer of comatose head-i1ijured patients. 

Lancet 1981;2:853-55. 

Baker SP, O'Neill B, Haddon W, Long WB. The injury severity score: a method for describing 

patients with multiple injuries and evaluating emergency care. J Trauma 1974;14: 187-96. 

Champion HR, Sacco WJ, Camazzo AJ et al. Trauma score. Crit Care Med 1981;9:672-76. 



89 



3·2 

ABSTRACT 

Objective: To examine the association between prosperity and traffic 
accident mortality in the industrialized world in a long-term perspective. 

Methods: We calculated traffic accident mortality, traffic mobility and 
the fatal injury rate of21 industrialized countries in the years from 1962 
until 1990. We used mortality and popUlation data of the World Health 
Organization (WHO), and figures on motor vehicle ownership of the 
International Road Federation (IRF). We examined cross-sectional and 
longitudinal associations of these traffic-related variables with the 
prosperity level per country, derived from data of the Organization for 
Economic Cooperation and Development (OEeD). 

Results: We found a reversal from a positive relation between prosperity 
and traffic accident mortality in the 1960s to a negative association 
currently. At a certain level of prosperity, the growth rate of traffic mobility 
decelerates and the fatal injury rate continues to decline at a similar rate as 
in earlier phases. 

Conclusion: In a long-term perspective, the relation between prosperity 
i! and traffic accident mOl1ality appears to be non-linear: economic 
~ development first leads to a growing number of traffic-related deaths, but 

11 later becomes protective. 
!'l 

j 

go 



Economic development and 

traffic accident mortality in the 

industrialized world, 1962 -1990 

3.2.1 INTRODUCTION 

The national economy is known to be an important background factor in 
relation to the health of individuals and populations.'" Economic 
development can be considered one of the main determinants of changing 
patterns of mortality and disease.'" Rising living standards of the population 
have probably made a major contribution to the transition away from a 
cause-of-death-pattern dominated by infectious diseases with very high 
mortality to a pattern dominated by chronic diseases with lower mOliality.' 
Over the last century, this "epidemiologic transition"'·' has been completed 
in all countries of the industrialized world, whereas in developing countries 
it is still under way." General evidence shows that economic growth is 
associated with improvements in the health of populations. On a global 
scale, growing prosperity and increasing life expectancy are strongly 
related.' 

In spite of this relationship, however, economic growth sometimes leads 
to a deterioriation of the population health status. In the industrialized 
world, for example, the post-world war" period (1945-1970) was not only 
characterized by the most favourable economic development of this centllly, 
but also by a rapid increase of cardiovascular diseases and traffic 
accidents.IO." Because of these developments the concept of "diseases of 
affluence" 01' Uwestern diseases" was introduced,I)·14 pointing to growing 
prosperity as a possible determinant of specific disorders. 

More recent findings have shown the weaknesses of this concept. In the 
"western" world the rising trends in cardiovascular mortality of the 50s and 
60s were later reversed in spite of growing prosperity." In the former 
socialist economies, on the other hand, cardiovascular mortality surged 
upwards in the face of the poor economic development in this part of the 
world. " 
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Currently, at the regional level within industrialized countries, a strong 
inverse relationship exists between prosperity and cardiovascular mortality. 
This is based on a differential onset of decline in cardiovascular mortality in 
affluent and less affluent regions respectively."'!' Trend reversals first took 
place in the more affluent regions, once again demonstrating the association 
of growing prosperity with improved health. 

Traffic accidents are another impOtiant cause of mortality and 
morbidity, where the concept of "diseases of affluence" needs fUtiher 
clarification. In order to examine this relation, several cross-sectional 
studies have been performed so far. These have produced results which 
were more or less contradictory. It has been found that on the scale of the 
whole world (including low-income, middle-income and high-income 
countries), the gross national product per capita shows a positive correlation 
with traffic accident mortality (the number of trafic deaths per 100.000 
person-years). Adjustment for variation in traffic mobility (the number of 
motor vehicles per 100.000 person-years), however, leads to a strong 
negative association.!9 On a global scale, therefore, prosperity appears to be 
a determinant of traffic accident mortality with the level of traffic mobility 
as a major intermediate factor. 

A positive association between prosperity and traffic accident mortality 
has also been found in cross-sectional studies focusing on low-income and 
middle-income countries." But studies dealing with high-income countries 
have produced different findings. Ecological analyses into regional variation 
in traffic accident mortality in high-income countries have consistently 
shown the highest mortality levels in the least affluent regions. l1

-" This 
negative association between prosperity and traffic accident mortality does 
not disappear after adjustment for variation in traffic mobility." In high
income countries, therefore, prosperity seems to be protective against traffic 
accident mortality intermediated by other factors than traffic mobility. 
Variation in the fatal injUly rates (the number of traffic deaths per motor 
vehicle) appears to be more important in these countries. 

So, no uniform relation between prosperity and traffic accident mortality 
can be derived from cross-sectional studies. Perhaps the key to 
understanding can be found in a long-term perspective. The cross-sectional 
associations between economic factors and traffic accident mortality in 
high-income countries may well have changed over time due to non-linear 
longitudinal relationships between these variables. This would resemble 
developments in the field of cardiovascular diseases mentioned above. 
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To date hardly any attention has been paid to the role of traffic accidents 
in the epidemiologic transition and its backgrounds. Therefore, it could be 
worthwile to examine the relationship between prosperity and traffic 
accident mortality and its underlying parameters (i.e. traffic mobility and 
fatal injury rate) in a long-term perspective, using data from several 
decades. This would allow cross-sectional associations to be studied at 
several points of economic development, and examination of the 
longitudinal relationships between the relevant variables. 

This article reports the results of an analysis of developments in traffic 
accident m0l1ality within the framework of the epidemiologic transition 
theory. In order to examine the relation between prosperity and traffic 
accident mortality in a long-term perspective we analyzed developments in 
21 industrialized countries between 1962 and 1990. Our study addressed the 
following questions: 

How have the cross-sectional associations between prosperity and traffic 
accident mortality been developing since the early 1960s, and what has 
been the influence of the traffic mobility and the fatal injury rate on those 
associations? 

- What is the general shape of the longitudinal relationship between 
prosperity and traffic accident mortality, and how can it be explained in 
terms of developments in the traffic mobility and the fatal injury rate? 

3.2.2 DATA AND METHODS 

Our analysis used data from the member countries of the Organization 
for Economic Cooperation and Development (OECD). In these countries, 
often referred to as the "industrialized world"" or the "established market 
economies"", the epidemiologic transition has been completed. This 
provides the opportunity to study changes during the final part of this 
transition, which started after the second world war. 

We were able to collect data from the 21 OECD-countries with a 
population size of more than one million inhabitants for each year from 
1962 until 1990. This allowed us to analyze developments over a time-span 
of29 years. 

Data were acquired on traffic accident mOl1ality (the number of traffic 
deaths perl 00.000 person-years), traffic mobility (the number of motor 
vehicles per 100.000 person-years), and the fatal injury rate (the number of 
traffic deaths pel' motor vehicle in the population). 93 
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[n addition, data on the prosperity [evels of the OECD-countries were 
available. 

The figures on traffic accident mortality were obtained in the following 
way. The number of traffic deaths by age (0-4,5-14, .... ,65-74, 75+), sex, 
year (1962-1990) and country of residence was available from a computer 
file on m0l1ality from external causes-of-death supplied by the World 
Health Organization (WHO). From this file the following codes were 
selected: AE 138-139 according to the [CD 6, 7 and 8; E470-474, E479 
according to ICD-9. Both the crude and standardized traffic accident 
mortality figures (the numbers of traffic deaths per 100.000 person-years) 
could be calculated for individual countries and separate years. We used 
population numbers broken down according to age, sex, year, and counhy 
of residence, which were also supplied by the WHO. The figures were 
adjusted for differences in the composition of the population (by country 
and time period) with the help of direct standardization, using the European 
Standard Population of 1976.26 For the analyses rep0l1ed in this paper only 
the standardized traffic accident mortality figures were used. 

The data on traffic mobility were extracted from annual publications of 
the [nternational Road Federation." These publications included information 
on several measures of traffic mobility: the number of passenger kilometres, 
the number of vehicle kilometres, and the number of motor vehicles in the 
population. Only with the help of the latter measure (motor vehicle 
ownership) were we able to construct complete time series in all 21 OECD
countries from 1962 onwards. The data on the other measures were 
incomplete, in particular for the earlier years of the period under review. 
Therefore, in the analyses reported in this paper we used motor vehicle 
ownership as a proxy of traffic mobility. 

Subsequently, an index of the fatal injUly rate by year and country was 
calculated by dividing the standardized mortality figures by the 
corresponding data on motor vehicle ownership. 

[n order to study the association between traffic accident mortality and 
prosperity we used economic data supplied by the OECD. As an indicator 
of the prosperity levels of countries we calculated Purchasing Power of 
Currencies (PPC)-estimates of the gross domestic product per capita. This is 
a measure of the national income per capita, adjusted for differences in 
purchasing power between national currencies and between time periods. It 
was specifically developed in order to make cross-national comparisons of 
prosperity differences, expressed in "international" dollars." 
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We calculated the levels of traffic accident mortality, traffic mobility, 
fatal injury rate and prosperity of the 21 individual OECD-countries for 
each year between 1962 and 1990. 

For each separate year the cross-sectional relation between the level of 
prosperity on the one hand, and the traffic accident mortality, traffic 
mobility and fatal injury rate on the other, was modeled using linear 
regression analysis. 

The variables included were right-skewed and were thus log-transformed 
before insertion into the models. 

In addition, the longitudinal relationship between prosperity and the 
three traffic-related variables was examined by fitting regression models 
using the pooled data from att 21 countries during the whole period of 29 
years. It turned out that cubic regression models produced an adequate fit, 
significantly better than lower order models. Interaction terms between 
prosperity and country were examined, indicating the existence of a sizeable 
variation among countries. Therefore, the longitudinal relationship between 
prosperity and the three traffic-related variables was also established for 21 
countries separately. This helped to identify specific countries with 
developments deviating from the general picture. 

3.2.3 RESULTS 

Table 3.2. I shows that the cross-sectional relation between prosperity 
and traffic accident mortality has changed in the industrialized world since 
the early 1960s . There is currently a negative association, which originated 
in the second half of the 1970s. At that time a reversal from a positive 
association occurred. During the whole period under review, there was a 
positive association between prosperity and traffic mobility. Neveliheless, 
this relation has somewhat changed, in the sense that the slope of the 
regression line has levetted off. The association between prosperity and the 
fatal injury rate, on the other hand, was negative and has remained more or 
less stable over time. 

The combined effect of prosperity on traffic mobility on the one hand, 
and on fatal injury rate on the other, underlies the observed relation between 
prosperity and traffic accident mOliality. The reversal of this relation was a 
direct consequence of the observed change in the association between 
prosperity and mobility. 
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Tlime 3,2.1 

Slope parameters from linear regressions of trame accident mortality, traffic mobility and fatal 

injury rate on the level of prosperity in cross-sectional data of separate years between 1962 and 

1990 

Log PPC on 1962 1965 1970 1975 1980 1985 1990 

Log Traffic Accident Mortality 

(deaths/JOOO person-years) +O.S8*'" +0.56** +0.45* ·0.05 ·0.05 ·0.30 -0.53* 

Log Traffic Mobility 

(motor vehicles/IOOO persoll- +2.16** +2.06*'" +1.94** +1.63++ +1.28*'" +1.11** + 1.06** 

years) 

Log Fatal Injury Rate 

(deaths/motor vehicle) -1.50" -1.50" ·1.49 -1.68** -1.32** -1.42** -1.59** 

• p < 0.05 

** P < 0.01 

Log Traffic Accident Mortality = Log (Traffic Mobility x Fatal Injury Rate) 

= Log Trame Mobility + Log Fatal Injury Rate 

The reversal and its underlying developments is also made visible in 
figure 3.2.1. 

It is shown that in the 1960s, when prosperity levels were still relatively 
low in all industrialized countries, a positive cross·sectional association 
existed between prosperity and traffic accident mortality (figure 3.2.1 a). 
This was based on large rises in motor vehicle ownership with increasing 
wealth at a low range of prosperity levels (figure 3.2.1 b). 

In the 1990s, at high prosperity levels in all industrialized countries, an 
inverse cross-sectional association is found (figure 3.2.1a). Compared to the 
1960s the growth of motor vehicle ownership with increasing wealth has 
become small at this high range of prosperity levels (figure 3.2.1 b). 

It is illustrated that the strength of the inverse association between 
prosperity and the fatal injury rate remained more or less unchanged at all 
levels of prosperity (figure 3.2.1c). 

The cross-sectional association between prosperity and traffic accident 
mortality in the industrialized world has changed between the 1960s and the 
1990s, because of slower increases in motor vehicle ownership (combined 
with unchanged declines in the fatal injury rates) at higher levels of 
prosperity. 
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The longitudinal relation between prosperity and the three traffic-related 
variables is shown in figure 3.2.2. It appears that, when the pooled data of 
all 21 countries during the whole period of 29 years are used, a cubic 
regression model can be fitted that includes a reversal at a prosperity level 
of around 3000 international dollars per capita (i.e. LogPPC 8). At this level 
prosperity becomes protective against traffic accident mOliality. It can be 
derived from figure 3b and 3c that this is due to the fact that the mobility 
growth levels off, while the fatal injury rate continues to decline at the same 
rate as in an earlier phase of economic development. 

The models shown in figure 3.2.2 were applicable to the majority of 
countries included in this analysis. The relation between prosperity and 
trafic accident mortality showed a reversal in 19 of the 21 countries. In 16 
of these countries the reversal took place at a prosperity level between 2400 
and 3600 international dollars per capita (i.e. LogPPC 7.8-8.2). 
Nevertheless, when testing interaction a significant influence of the country 
involved was found. 

We identified several countries with trends deviating from the general 
picture. There are two countries in which no reversal was found, despite 
having achieved prosperity levels in excess of 3000 international dollars per 
capita: Greece and Spain. Figures 3.2.3 and 3.2.4 show that the backgound 
mechanisms of this observation are completely different for those two 
countries. 

In Greece, the growth rate of motor vehicle ownership has not levelled 
off so far. In this country (i.e. the poorest country of the analysis) growing 
prosperity is still resulting in an increasing number of traffic deaths because 
of rapidly growing numbers of motor vehicles in the population (figure 
3.2.3). In Spain, on the other hand, the decline of the fatal injury rate 
levelled off after reaching the point where prosperity is expected to become 
protective (figure 3.2.4). 

There are a few countries for which the models have indicated that the 
decline in traffic accident mortality ceased after surpassing a prosperity 
level of around 14000 international dollars per capita (i.e LogPPC 9.5). An 
important example among these countries is the USA. 

This country has always been a "forerunner" with respect to 
developments in traffic and traffic-related mortality. Figure 3.2.5 shows that 
the less favourable developments are the result of the following trend: the 
decline in the fatal injury rate has gradually levelled off. Similar trends were 
also found in Japan (see figure 3.2.6), Denmark and Finland. 
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Cubic regression of traffic accident mortality, traffic mobility and the fatal injury rate on the 

level of prosperity (pooled data from 21 OECD-countries) 
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Cubic regression of traffic accident mortality, traffic mobility and the fatal injury rate on the 

level of prosperity in Greece 
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Cubic regression of traffic accident mortality, trame mobility and Ule fatal injury rate on the 

level of prosperity in Spain 
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Cubic regression oftrafi1c accident mortality, traffic mobility and the fatal injury rate on the 

level of prosperity in the USA 
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Cubic regression of traffic accident mortality, traffic mobility and the fatal injury rate on the 

level of prosperity in Japan 
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3.2.4 DISCUSSION 

In the industrialized world, the cross-sectional relation between 
prosperity and traffic accident mortality has changed since the early 1960s. 
A positive relation has disappeared. We moreover found indications that it 
has been reversed into an inverse association currently. The observed 
changes were based on non-linear longitudinal relations. At lower 
prosperity levels, increasing wealth gave rise to rapidly growing numbers of 
motor vehicles in the population. This led to increasing numbers of traffic 
deaths. However, mobility growth has the tendency to level off after 
reaching a certain level of prosperity. At that point increasing prosperity 
becomes protective against traffic accident mortality. This is due to the 
phenomenon, that, at all prosperity levels, increasing wealth is acompanied 
by a declining number of traffic deaths pel' motor vehicle 01' "fatal injUly 
rate". This could be an indirect effect of growing prosperity, which might 
facilitate several adaptations, including improvement of the traffic 
infrastl'llcture and the medical care for injUly victims. Adaptations 
stimulated by growing prosperity have in the literature been referred to as 
"assets for health", leading to general improvements of the popUlation 
health.' 

Our results indicate that prosperity is an important "autonomous" factor 
behind developments in traffic accident mortality. In a long-term 
perspective, it seems to have both positive and negative effects with respect 
to the number of traffic deaths in the popUlation. It leads to mobility growth 
but could simultaneously stimulate adaptations. This shows that the concept 
of traffic accidents as a "disease of affluence" is too simple. The final effect 
results from the balance between positive and negative developments. 
Currently, in the industrialized world the balance appears to be weighed in 
favour of the positive effects, as mobility growth has levelled off. This 
balance, however, is not observed in every country. We identified a few 
countries where the balance has dipped in favour of the negative effects. 

As in all studies based on existing data sources, our results must be 
interpreted with care. In the first place, possible registration bias caused by 
differences in coding of mortality between countries, and on changes in 
coding practices over the years, must be examined. Differences between 
countries are probably limited, because we restricted our study to a rather 
homogeneous set of countries: the industrialized world. Possible changes in 
coding practices over time could be assessed, because our file contained 
data on all external causes of mortality. 
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We found that the declines in traffic accident mortality since the 1970s 
were combined with declines in non-traffic accident mortality. We could not 
identify shifts from traffic accidents into non-traffic accidents. Our major 
finding, the trend reversal in mOliality due to traffic accidents, is therefore 
highly unlikely to be the result of changing coding practices over time. 

A second issue concerns the use of data on motor vehicle ownership as a 
proxy of traffic mobility. Data on passenger or vehicle miles would have 
been preferable, because they provide a better measure of exposure." 
However, we were not able to extract a complete set of reliable data on 
these parameters for all countries since the early 1960s. Therefore, we had 
to rely on figures on motor vehicle ownership, as was done in previous 
studies." It cannot be excluded that one of our major findings, mobility 
growth levelling off at higher prosperity levels, is pa.ily based on 
registration error. This could be the case if a lower growth rate of motor 
vehicle ownership is compensated by a faster growth rate of the number of 
passenger kilometres per motor vehicle. 

Probably, however, we are dealing with a real phenomenon. A potential 
saturation of mobility growth has previously been modeled for several 
countries, using data on the development of vehicle miles in the 
population.30)1 

The results obtained with our study have provided us with information 
on the relation between prosperity and traffic accident mortality in a long
term perspective. These results, however, must be interpreted only as 
indications of the possible influence of prosperity on traffic accident 
mortality. We have found plausible results that should be further analyzed 
with the help of additional data and more sophisticated models. 

In our analysis we used only simple univariate models without adjusting 
for possible confounders. The cross-sectional associations were established 
with only a limited number of countries included. Moreover, the relations 
were investigated in a rather superficial way. For example, it was not tested 
whether the consistent inverse relation between prosperity and the fatal 
injury rate was due to a negative relation with either the injury risk (the 
number of traffic injuries per motor vehicle) or the case fatality (the number 
of traffic deaths per 100 injuries). 

For the aim of our study, i.e. examining the possible role of prosperity 
on traffic accident mOliality within the framework of the epidemiologic 
transition theory, we have already found some interesting results. Prosperity 
seems to act on traffic accidents in the same way as on other major diseases. 
In the long run it becomes protective, as with infectious and cardiovascular 
diseases.9

,32 105 
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In particular, the similarity with cardiovascular diseases is striking: the 
reversal from a positive into a negative cross-sectional relation repOlied in 
our study had previously been found in the field of cardiovascular 
diseases,17,18 

As in the case of cardiovascular diseases, prosperity growth could 
stimulate adaptation mechanisms leading to reductions in the incidence and 
the case fatality. And as for cardiovascular diseases, these adaptation 
mechanisms could include preventive public health measures and 
improvements of medical care.33

-
36 

In addition, the results have some importance from a health policy 
perspective. The concept of traffic accidents as a "disease of affluence" , 
although too simple, carmot be rejected completely. 

Up to a certain prosperity level, increasing wealth gives rise to more 
traffic deaths. World-wide only a limited number of countries has already 
reached this level. This means that on a global scale an enormous increase 
in public health damage due to traffic injuries could still be expected, as has 
been reported previously." The results of our study bring forward that, in 
general, adaptations leading to reductions in the fatal injury rates might be 
expected as well with growing prosperity. Recent developments in 
individual countries have indicated, however, that adaptations are not 
always succesful. Examples were shown of declines in fatal injury rates that 
have recently levelled off. This demonstrates that, although prosperity 
growth in the long run would appear to have an "autonomous" protective 
effect on traffic accident mOliality, health policy makers should always be 
alert to avoid unneccesary public health damage in this field. 
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ABSTRACT 

Within the framework of the Health For All by the year 2000-strategy of 
the World Health Organisation, we explored autonomous developments in 
the epidemiology of injuries in the Netherlands. In addition, we estimated 
the potential effects of different strategies to reduce the amount of public 
health damage due to injuries. 

In 1986 we performed a Delphi study among 80 Dutch expel1s, which 
was divided into four areas: traffic safety, occupational safety, home and 
leisure safety, and medical care for injury victims. The experts were asked 
to give estimates of the rate of change of relevant parameters in the 
epidemiology of injuries between 1985 and 2000 under different sets of 
possible external conditions. These parameters included the exposure and 
injury risk by type of activity, and the case fatality by type of injury. In 
addition, they had to list policy measures that could be implemented 
between 1985 and 2000 and were asked to assess their potential impact. The 
Delphi study used a structured questionnaire and consisted of two rounds. 

The response rate to both questionnaires was 82%. A high level of 
consensus on nearly all questions was reached in two rounds. Only a few 
questions led to considerable disagreement. The principal expectations of 
the respondents (assuming modest economic growth and minimal 
government intervention) implied that health policy makers would have to 
anticipate on combinations of favourable and unfavourable developments. 
In addition, alternative autonomous conditions ( e.g. rapid economic grow1h 
and economic stagnation) were expected to result in increasing public health 
damage due to injuries. The results showed that the very favourable trends 
of the preceding period (1970-1985) would probably not continue without 
strong govermnent intervention. On the other hand, many policy measures 
were put forward, which were expected to lead to a substantial further 
reduction of the incidence of injuries and its consequences. 



The use of the Delphi method in 

forecasting injuries between 

1985 and 2000 

4.1.1 INTRODUCTION 

Long-term planning is an important part of health policy. Many policy 
measures in this area are characterised by a long time-lag between 
development and implementation, and, after being implemented, may need 
a long time before they ultimately achieve their desired effect. Therefore, 
some strategies should be prepared far in advance, e.g. to keep the supply 
and demand of health care facilities in balance and to reduce the major 
health problems facing modern society. 

In the process of long-tenn planning, the application of forecasting 
techniques (e.g. the Delphi Method) can be of value.' This paper describes 
the methodology, the approach and the results of a Delphi study into the 
future burden of injuries in the Netherlands. This study was initiated by the 
Steering Committee on Future Health Scenarios,' a body advising the Dutch 
government on long-term developments in health and health care. 

Injuries were selected because of their frequent occurrence and serious 
consequences. They constitute one of the major health problems in the 
industrialized world.'" At the time the study was conducted, in the mid 
1980s, there were almost 4.000 deaths and 100.000 hospital admissions per 
annum from traffic injuries, occupational injuries or home and leisure 
injuries in the Netherlands (see Table 4.1.1). 
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Table il.1.1 

A1ll1l1al numbers of deaths and hospital admissions related to injuries, by type of activity, the 

Netherlands, 1984 

Deaths Hospital admissions 

Absolute Pcr 100.000 Absolute Per 100.000 

number of population number of population 

Traffic 1752 12.1 23.500 162.6 

passenger car 774 5.4 5500 38.0 

moped 125 0.9 3300 22.8 

bicycle 360 2.5 6400 44.3 

pedestrian 212 1.4 2600 18.0 

other traffic 281 1.9 5700 39.5 

Occupation 75 0.6 3000 20.7 

manufacturing 12 0.1 800 5.5 

building trade 10 0.1 800 5.5 

service sector 24 0.2 1000 6.9 

other occupations 29 0.2 400 2.8 

Home and leisure 2068 14.2 71.500 494.7 

house keeping 157 1.0 3000 20.7 

do-it-yourself activities 62 0.4 1500 lOA 

sports 78 0.5 16.500 114.2 

other home and leisure activities 1771 12.3 50.500 34904 

Total 3895 26.9 98.000 678.0 

Source: Adapted from data published in various CBS publications6-" 



Home and leisure injuries accounted for more than half of the accidental 
deaths and for almost three quatters of the hospital admissions due to 
injuries. Many of these accidental deaths and hospital admissions concerned 
elderly people who sustained a hip fracture (without performing a specific 
activity). Although traffic injuries accounted for fewer victims than home 
and leisure injuries, they also constituted a large problem. Most road traffic 
casualties were passengers in private cars 01' cyclists. On the other hand, 
occupational injuries appeared to be a public health problem of relatively 
minor importance, if only deaths and hospital admissions are taken into 
account. 

In the period directly preceding the study, there had been a remarkable 
reduction in the number of injuries in the Netherlands. As in many other 
countries between 1970 and the mid 1980s, a tremendous drop in mortality 
due to traffic, occupational and home and leisure injuries was observedY 
However, despite this development, h~uries still constituted a major health 
problem in the industrialized world. This is why in 1984 the European 
Member States of the World Health Organisation formulated as a target a 
25% reduction in injury mortality between 1980 and the year 2000." The 
Delphi study on 'Injuries and Traumatology in the Future' was set up to 
investigate the possibility of achieving this reduction. Because of the 
potential influence of both autonomous developments and policy measures, 
the study had two aims: 

!.to explore those autonomous developments that might take place before 
the year 2000, and their likely effects on the incidence and outcome of 
injuries; 

2. to list policy measures which might be implemented before the year 2000, 
and estimate the potential effects of different strategies on the incidence 
and outcomes of injuries. 

4.1.2 METHODOLOGY 

The Delphi study was undertaken between June and November 1986. 
The subject was divided into four areas: traffic injuries, occupational 
injuries, home and leisure injuries and medical care for injury victims. 

In selecting the panellists, priority was given to obtaining a balanced 
distribution of expertise in the four specific subject areas. In order to avoid 
'common bias', expe'is belonging to different sections of society 
(government, trade unions, business, private organisations, research 
institutes, etc.) were chosen. 115 
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Eighty Dutch experts were asked to participate. Anticipating potential 
non-response, four samples of twenty panellists were formed. Our intention 
was to achieve panels of about 15 respondents, on which experts from all 
impOltant sections of society were represented. 

Considerable attention was paid to the design of the questionnaire. Four 
questionnaires were designed, all of which had the same structure. They 
included the following variables: 

Exposure (e.g., the number of passenger kilometres travelled in the 
population). 
Injury risk (e.g., the number of injured persons per passenger kilometre). 
Case fatality (the number of accidental deaths per 100 injured persons). 
Probability of disability (the number of newly disabled persons per 100 
injured persons). 

The questionnaires presented to the experts asked them to assign 
probabilities to one or more of the variables concerned, under a number of 
different conditions: 

I. A combination of minimal government intervention (no new initiatives 
in the fields of injury prevention and medical care for accident victims 
in the period 1985-2000); modest economic growth (1-1.5% per year, at 
that time regarded by experts as the most likely economic development); 
the respondent's assessment of the socio-cultural and (medical) 
technological developments resulting from this situation. 

2a. A combination of minimal government intervention; rapid economic 
growth (4% per year); the respondent's assessment ofsocio-cultural and 
(medical) technological developments resulting from this situation. 

2b. A combination of minimal government intervention; economic 
stagnation (0% growth per year); the respondent's assessment of the 
socio-cultural and (medical) technological developments resulting from 
this situation. 

3. As (I) but with strong government intervention in the fields of injury 
prevention and/or medical care for injury victims (assuming the 
implementation of a number of policy measures mentioned by the 
respondent). 



All the combinations had to be based on the demographic 'middle 
variant' of the population forecast of the Dutch Central Bureau of Statistics 
of 1985," featuring an increase in the number of people over the age of65 
years between 1985 (12% of the total population) and the year 2000 (14% 
of the total population). 

Combination I aimed to display the most likely development according 
to the Delphi respondents (the so-called principal expectation). The 
possibilities classed under combination 2 were meant to give a picture of 
the likely range of autonomous developments. Combination 3 aimed to give 
an impression of the maximum that government policy could achieve. 

The experts were asked to give quantitative estimates of the rate of 
change of the variables concerned, as well as verbal statements. The experts 
on traffic, occupational and home and leisure injuries were asked to express 
their opinions on possible changes in exposure (where other sources of 
information did not exist), and injUly risk. Both variables were subdivided 
according to the principal activities in which injuries occur. The experts in 
the field of medical care for injury victims were asked for their expectations 
of the case fatality and the probability of disability. These two variables 
were divided according to the principal types of injury. In giving their 
quantitative estimates the experts were asked to use the scale represented in 
table 4.1.2. 

The answer categories in the questionnaires used in the Delphi study 

Annual rate of change Situation at 3111211999 

compared with 1/1/1986 

++ > 5% increase + I 00% or higher 
+ 1-4% increase bet\vccn +15 and +80% 

0 < I % increase/decrease +/- 15% 

1-4% decrease between -15 and -45% 

> 5% decrease -50% or lower 
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In designing the questionnaire, we tried as follows to avoid aggregating 
developments for which quite different future trends might be expected: 

by constructing a separate questionnaire for each of the four areas; 
by distinguishing exposure, injury risk, case fatality and the probability of 
disability; 
by distinguishing a large number of separate activities (see tables 4.1.3-
4.1.5) and separate types of injury (see table 4.1.6). 

This does not mean, however, that aggregation could always be avoided. 
For example, the questions did not specifY different age groups. 
Considerable attention was also given to avoiding ambiguity. The 
questionnaires were accompanied by a pack of explanatOlY material, 
containing definitions of the terms used and detailed instructions on how to 
complete the questionnaire. In the first round, the Delphi study used a 
structured questionnaire. After the resuits of the first round were analysed, a 
second questiOlUlaire was given to the respondents, who were given the 
opportunity to redefine or to elaborate upon their earlier responses. The 
second questionnaire provided the respondents with information about their 
own answers and the group's collective opinion, as expressed in the first 
round. 

4.1.3 RESULTS 

The response to the two questiOlUlaires was highly satisfactory. Of the 
panel lists (all panels combined), 82% returned both questionnaires. No 
impOltant differences in response rates (variation from 75%- 85%) were 
seen among the four panels. All panels consisted of 15 or more respondents. 

We present the expectations of the experts in the fields of traffic injuries, 
occupational injuries, home and leisure injuries and medical care for injury 
victims for a selection of questions. The group's collective opinions on 
different questions are set out in the tables below. In describing the resuits, 
the verbal statements given by respondents are also referred to. The group's 
collective opinion was defined as the smallest number of contiguous 
categories chosen by at least two-thirds of the respondents. If, for example, 
a two-thirds majority of the panellists chose two contiguous categories, 
these answers indicate the group's collective opinion (e.g. 0/- if 5 of the 15 
respondents chose 0, and 6 of the 15 respondents chose -). 



In nearly all the questions, a high level of consensus was reached after 
the first round. Although the second questionnaire led to changes in 
individual answers, e.g. by respondents who interpreted certain terms 
correctly only in the second round, it had little influence on the collective 
opinions of the group. Only a few questions led to considerable 
disagreement. In a few cases, two groups of about equal size could be 
identified, choosing quite different (not contiguous) categories: e.g. where 7 
of the 15 respondents chose + and 8 of the respondents chose -. These cases 
are indicated by the term "disagreement". 

Traffic injuries 

The panel's expectations of developments in exposure and injury risks, 
as expressed by expet1s in the field of traffic safety, are presented in 
table 4.1.3. 

Expected trends in exposures and injury risks in traffic, under different conditions, 

1985-2000 (group answers ofUle Delphi panel on traffic safety, second round (n=15» 

Principal Altemative autonomous Strong govenmlcnl 

expectation developments intervention 

Rapid growth Stagnation 

2a 2b 3 

Exposure (passenger kill per 

inhabitant per year) 

passenger car + ++1+ +10 not asked 
moped 01- 0/- 01- not asked 
bicycle +10 +/0 + not asked 

Injury risk (injured persons per 

passenger kill) 

passenger car +/0/- 0/- -1--

moped +/0 +/0 0 OI-
bicycle 0/- +/0 0 0/-1-· 

pedestrian 0/- +/0 0/-
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Let us comment first on the principal expectations. The panel thought 
that modest economic growth would lead to growing use of passenger cars, 
and that a growing attention to 'health' would lead to a shift from the use of 
mopeds to the use of bicycles. According to the panellists, for most traffic 
modes the injury risk would be reduced by the introduction of new safety 
technologies. The only exception was moped drivers, where the injury risk 
was expected to rise because panellists expected that the use of mopeds 
would be more and more restricted to people in the 16-17 year-old age 
group who are inexperienced in traffic and exhibit a high propensity for risk 
taking. 

According to the panel, rapid economic growth would lead to some 
unfavourable developments. A higher level of economic activity would not 
only lead to a growing use of passenger cars, but also to a rise in the risk of 
injuries, because of a higher level of risk acceptance in society under these 
circumstances. Economic stagnation would have quite different results. The 
use of passenger cars would be restricted. The risk of injuries would 
increase compared to a situation of modest economic growth, because no 
new safety technologies would be introduced. 

This panel expected that the risk of injuries would be substantially 
reduced by strong government intervention. In particular, occupants of 
passenger cars would profit from a number of policy measures aimed at 
improvements in road behaviour, roads and road vehicles. These might 
include a national policy in the field of traffic safety education, the 
introduction of new safety technologies, and measures aimed at the 
separation of traffic modes. 

Occupational injuries 

Table 4.1.4 shows the expectations of trends in injury risks for 
occupational injuries. The expel1s in the field of occupational safety were 
not asked for their expectations regarding changes in exposure, because 
estimates of this variable were already available from the Dutch Central 
Planning Bureau." 



Expected trends in injury risks at work, under different conditions, 1985-2000 (group 

answers of the Delphi panel on occupational safety, second round (n=15)) 

Principal Altemative autonomous Strong govemment 

expectation developments intervention 

Rapid growth Stagnation 

2a 2b 3 

Injury risk (injured persons per 

man-year at labour) 
manufacturing 0/- 0/- +/0 -I--

building trade 0/- +/0/- +/0/- -I--

service sector 0 0 0 0/-

According to the principal expectations of this panel, the injury risks of 
workers in manufacturing and the building trade would fall on account of 
the introduction of new technologies for controlling work-related injuries. 
Rapid economic growth would lead to the same developments, whereas 
economic stagnation would result in the absence of investment in new 
technologies and lead to increasing injury risks in manufactlll'ing. The panel 
was optimistic about the influence of strong government intervention. Many 
policy measures which could reduce the injury risks were mentioned, e.g. 
compulsory occupational safety services, extension of the capacity and 
powers of safety inspectors, and extension of the powers of work councils. 

Home and leisure injuries 

Table 4.1.5 sets out the opinions of the expel1s in the field of home and 
leisure injuries. This panel expressed the following principal expectations: 
people would spend less time on housekeeping; do-it-yourself activities and 
sports would grow in importance. In contrast to the expectations in the 
fields of traffic safety and occupational safety, unfavourable trends in injury 
risks were anticipated to accompany modest economic growth. 
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Injury risks at home were expected to rise because of the ageing of the 
population. The injury risk associated with do-it-yourself activities was 
expected to grow because of the use of more dangerous equipment. Sports 
would be accompanied by higher injury risks because of a shift towards 
more hazardous types of sporting activity and because people were expected 
to exhibit more 'aggressive' behaviour. 

Both rapid economic growth and economic stagnation were expected to 
have effects on exposure. Contrary to what was expected in the fields of 
traffic safety and occupational safety, injury risks would hardly be 
influenced by alternative economic conditions. 

Tallie 4.1.$ 

Expected trends in exposures and injury risks at home and during leisure activities, under 

different conditions, 1985~2000 (group answers ofthe Delphi panel 011 home and leisure 

safety, second round (11=17» 

Principal Altemative autonomous Strong govemment 

expectation developments intervention 

Rapid growth Stagnation 

2. 2b 3 

~ Exposure (activity hours per 

; inhabitant per year) 

122 

house keeping 

do-it-yourself activities 

sports 

InjulJ' risk (injured persons per 

activity hour) 

house keeping 

do-it-yourself activities 

sports 

0/-

+ 
+/0 

+/0 

+ 
+/0 

+/0 

+ 

+/0 

+ 
+/0 

+/0 

+ 

o 

+/0 

+ 

o 

not asked 

flot asked 
not asked 

0/-

0/-

0/-



This panel was also optimistic about the effect of strong government 
intervention. Whereas without government intervention injury risks were 
expected to rise, according to this panel the implementation of a number of 
policy measures aimed at changes in behaviolll' and improvements in 
product safety would lead to a reduction of these injury risks: for example, 
a national policy in the field of safety education, legislation in the fields of 
product recall and product liability. 

Medical care for injury victims 

The expectations of trends in case fatality and the probability of 
disability, as expressed by the experts in the field of medical care, are 
represented in table 4.1.6. This table only shows the expectations under the 
condition of modest economic growth, either with or without government 
intervention. The expel1s in medical care were not asked to consider the 
consequences of alternative economic conditions. 

Table 4.1.6 

Expected trends in case fatalities and probabilities of disability, under different conditions, 
1985~2000 (group answers orlhe Delphi panel on medical care for injury victims, second 

round (n~16» 

Case fatality (deaths per 100 injured persons) 

skull fractures and intracranial injury 

spinal cord injuries 

hip fractures 

bums 

internal injuries of abdomen, chest and pelvis 

mUltiple injuries 

Probability of disability (disabled persons 

per 100 injured persons) 

skull fractures and intracranial injury 

spinal cord injuries 

peripheral nerve damage 

hip fractures 

other fractures 

soft tissue injuries 

Principal Strong govemment 

expectation intervention 

o 
o 

0/-

0/-

0 

0 

0/-

0/-

0/-

0/-

0/

-/--

-/--

-/--

-/--

disagreement 

0/-/--

disagreement 

0/-/--

-/--

-/--
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It was expected that, even without government intervention, the case 
fatalities for most types of injury would drop as a result of progress in the 
field of medical technology. All injuries except those of the central nervous 
system would benefit from new diagnostic and therapeutic methods. With 
the exception of injuries of the central nervous system, this panel had an 
equally optimistic view about the future probability of disability. 

It was expected that case fatalities of severely injured patients, especially 
those with injuries of the central nervous system, would be greatly reduced 
by the introduction of policy measures aimed at improving the system of 
trauma care in the Netherlands. This would consist of measures in the fields 
of pre-hospital care - such as introducing a national emergency phone 
number and staffing ambulances with nurses who have supplementary 
training in trauma care; in-hospital care, such as regionalization of trauma 
care; and rehabilitation, such as increasing the volume of rehabilitation 
medicine. 

Little agreement was reached about the influence of these measures on 
the probability of disability resulting from some types of injury. For 
example, in the case of skull fractures and intracranial injury, about half the 
panellists expressed the opinion that a reduction of case fatality would be 
accompanied by an increase in the probability of disability based on an 
increasing number of very severely injured patients as survivors. The other 
half expected a decrease in the probability of disability, based on the 
prevention of secondalY brain damage by the new policy measures. 

Variation 

In our description of the results of the Delphi study, we have focused on 
the opinions of two-thirds majorities of the panels. These panels showed a 
high level of consensus in their expectations of the future under four 
different combinations of autonomous developments and policy strategies. 

Only a few items causing considerable disagreement were identified. For 
example, the panel on medical care could not agree on the changes 
occurring in the probability of disability arising from some types of injury 
in response to improvements in the system of trauma care. The lack of 
consensus may, however, provide imp0l1ant information for health policy, 
since it can show where further research is needed. 
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The distribution of answers to questions about the development of injury risks, by type of 

activity (Delphi panels on traffic, occupational, and home and leisure safety) and case 

fatality, by type of injury (Delphi panel on medical care for injury victims), under conditions 

of modest economic growth and minimal govemment intervention. 
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In addition, in nearly every case there were one or two respondents who 
formulated answers which were quite different from the group's collective 
opinion. 

This is illustrated in figure 4.1.1 which shows the distribution of 
opinions on the expected trend in injury risks (by activity type) and case 
fatalities (by type of injlllY), assuming the most likely course of economic 
development (modest economic growth) and minimal government 
intervention. 

In the field of traffic safety, two respondents expressed more pessimistic 
views concerning the development of injury risks. Contrary to the group's 
collective opinion, these respondents believed that risk consciousness would 
be reduced as a result of favourable trends in the preceding period, and that 
this would lead to increasing risk behaviour. In the other panels, small 
minorities with quite different opinions were also found. 

These 'dissident opinions' might also be useful in health policy making, 
as they help identify 'low probability/high-impact developments'; that is, 
future developments which are not very likely but which might have a very 
high impact on the problem if they did occur. 

4.1.4 DISCUSSION 

To facilitate long-term health planning, a Delphi study was carried out 
on possible future developments in the field of injuries and traumatology. 
The results of this study provided information about autonomous 
developments which might take place between 1985 and the year 2000, as 
well as about policy measures which could be implemented in this period. 

The Delphi study resulted in interesting new information to be used in 
formulating a national strategy in the framework of the World Health 
Organisation's 'Health for All by the Year 2000' strategy. 

However, the results were obtained by a method which is not beyond 
criticism." The Delphi method is characterised by a number of problems 
concerning the selection of panel lists, the size of the sample, the design of 
the study and the structure of the questionnaire. The ways in which these 
problems were dealt with have been described above, but none of these 
problems could completely be solved. 

When selecting paneliists, the problem is that there are really no 'experts 
on future developments'. This probably explains why many respondents 
stressed that their opinions were to be regarded as 'speculations' rather than 
as 'predictions'. 



In considering the size of the samples, it must be recognised that most 
panellists did not have expert knowledge of all the subjects in the 
questionnaire. For a few specific questions, the number oftme experts was 
probably far lower than the number of overall respondents. 

In a Delphi questionnaire it is very difficult to avoid aggregation and 
ambiguity. In conducting our study, considerable attention was given to this 
problem. The questionnaires were designed with care, using a conceptual 
model of the processes underlying injuries and their consequences. 
Although many different subareas were distinguished, and all key variables 
in injury epidemiology were treated separately, aggregation could not be 
entirely avoided; that is, no questions were asked about specific age groups. 
Moreover, it is quite possible that some questions may have had more than 
one interpretation. 

A final problem concerns the structure of the Delphi questionnaire. In 
order to reduce the number of panel rounds, we started with a preselected 
set of questions. This may have reduced the number of ideas obtained. 

These methodological problems indicate that the results obtained in our 
study should be viewed as 'well-informed speculations on the future'. 
Treated as such, they nevertheless provide valuable information. 

A Delphi study, if executed with care, represents a well-developed and 
systematic procedure for tapping expert opinion. It avoids some of the 
problems of group processes which employ face-to-face interaction. Our 
Delphi study illustrated consensus, but also displayed disagreement where 
this arose. It paid attention to the group's collective opinion as well as to 
'dissident' opinions of individual participants. And because the 
questionnaires used rather 'extreme' combinations of autonomous 
developments and policy strategies, its results provided a good picture of 
the range of possible future developments which could be considered by 
health policy makers. 

A disadvantage not mentioned so far concerns the inherently fl"agmented 
nature of the results. A Delphi study leads to many separate estimates of 
different variables in different subareas. In our study, experts were asked 
about their expectations on exposures, injury risks, case fatalities and the 
probability of disability for 13 activities in the fields of traffic safety, 
occupational safety and home and leisure safety. Possible interactions 
between the different subareas were not investigated, raising the problem of 
possible inconsistent results. We therefore decided to conclude the Delphi 
study with a workshop for subsamples of panellists, who could then check 
the consistency and critically review the methods and results of the enquiry. 
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No inconsistencies were, however, identified by the participants, who 
regarded the results as plausible and coherent descriptions of future 
developments under different sets of conditions." 

Another problem resulting from the fragmented nature of the procedure is 
that a Delphi study provides information on developments of separate 
variables without providing a clear view of the 'net effects' of these 
developments; for example, injury mOltality in the population. In order to 
calculate these net effects, we constructed a computer model." The model 
consisted of two parts: a demographic submodel which simulated changes in 
the population structure as forecasted by the Central Bureau of Statistics, and 
an epidemiological submodel. In the latter model, the injlllY mortality of a 
future year, to take one example, was calculated by multiplying the 
population numbers by age and sex as computed in the demographic 
submodel, and the exposures, injury risks and case fatalities of the principal 
types of activities and principal types of injuries. The data on exposures, 
injury risks and case fatalities were derived from routinely available 
statistical information from the Netherlands. For future years, these data were 
adapted as suggested by the Delphi panels. 

The results of these calculations confirmed the impression based upon 
inspection of the separate calculations. The principal expectations of the 
respondents implied that health policy makers would have to anticipate a 
combination of developments both favourable (e.g., technological progress) 
and unfavourable (e.g., the consequences of an ageing population, a growing 
amount of traffic and a growing participation in hazardous sports). The net 
effect of these developments would, according to our computer calculations, 
be a stabilisation of injury mOltality rates at 1985 levels. It was further shown 
that rapid economic growth and economic stagnation both would probably 
lead to 'trend reversals'. Rapid economic growth, for example, was expected 
to lead to increasing risk behaviour in society while economic stagnation was 
expected to result in the absence of (medical) teclmological progress. 

We calculated that the net effect of both situations would be a rise in 
injury mortality between 1985 and the year 2000." 

Thus, the results of our Delphi study were used as input for computer 
model calculations, and formed the basis for a number of 'future health 
scenarios', both with and without government intervention. 

These scenarios were presented to health policy makers in 1988. It was 
demonstrated that the favourable trends of the period 1970-1985 would 
probably not continue if the government abstained from new policy measures 
in the fields of injury prevention andlor medical care for injury victims. 



This pointed to the necessity of developing new policy strategies. It was 
shown that the vigorous continuation of government policies in the field of 
injury prevention and the implementation of new initiatives in the field of 
medical care for injury victims both could lead to a reduction of injury 
mortality, as the World Health Organisation had stipulated as a goal. 

The Delphi study yielded a number of ideas about policy measures, 
which at that time had not yet found a place in policy documents. Since 
then, many of the ideas obtained in the study have been incorporated into 
policy plans on the part of the government. For example, in 1989 the 
government announced its intention to implement measures aimed at the 
improvement of trauma care, as formulated by the Delphi respondents." 
Before the study, no policy document had been formulated in this field. In 
1997 the government decided to implement the majority of those 
measures." We therefore conclude that our Delphi study probably made 
some contribution to health planning in the Netherlands. But our example 
also illustrates the long-term nature of developing and implementing policy 
measures as referred to at the beginning of this paper. This only stresses the 
value of anticipating on possible future developments. Our study illustrates 
that in this process, the Delphi method can be of help. 
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ABSTRACT 

Injuries are a major health problem. In the Netherlands almost 4000 
people are killed each year by traffic injuries, occupational injuries or home 
and leisure injuries. In this country in 1985 a research project was started 
exploring possible future developments in this field. The technique of 
scenario analysis was used. With the help of a Delphi study, 8 different 
scenarios with and without public health intervention were generated. To 
calculate the effects of these scenarios on the frequency and outcomes of 
injuries, a computer model was used. The results of the project show that a 
substantial reduction of injury mortality will probably only be reached by 
way of public health intervention. According to experts, both a forceful 
continuation of primary prevention and an improvement of the system of 
trauma care could reduce injury mortality by (almost) 25% between 1985 
and the year 2000. 



--4·2--
Scenarios for the future development 

of injury mortality in the Netherlands, 

1985-2000 

4.2.1 INTRODUCTION 

Injuries are one of the major health problems of the industrialized 
world.'-' In North America and Europe traffic injuries, occupational injuries 
and home and leisure injuries together account for 3-7% of total mortality. 
In the United States of America more than 100,000 people are killed by 
injuries each year. In Europe the annual numbers of accident deaths are 
impressive too, especially in larger countries like France (38,000), West 
Germany (28,000) and EnglandlWales (14,000). Even in a small country 
like the Netherlands almost 4000 people are fatally injured each year. 

Within the framework of the "Health for all by the year 2000"-strategy, 
the European member states of the World Health Organization (WHO) have 
decided to aim at a 25%-reduction of injury mOliality between 1980 and the 
year 2000.' In order to investigate the possibilities of this reduction an 
exploration of future developments, both with and without intervention, is 
necessary. An exploration of this kind was launched in the Netherlands in 
1985. In that year the Steering Committee on Future Health Scenarios,' a 
body advising the Dutch goverrunent on long term developments in health 
and health care'-' initiated a research project with the following two aims:' 

- exploration of "autonomous" developments which might take place 
between 1985 and 2000, influencing the frequency and outcome of 
injuries; and 

- exploration of policy measures which might be taken between 1985 
and 2000, in order to reduce the frequency and severity of outcome of 
injuries. 
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This article presents a selection of the main findings of the project. 
Although effects of future developments other than those on mortality were 
also studied, for the sake of clarity only the latter are described here. In the 
next section a description will be given of the methods that were applied, 
followed by a presentation of the main results of the project. In the final 
section the consequences of the findings for health policy will be discussed. 

4.2.2 EXPLORATION OF THE FUTURE: METHODS 

In our exploration of possible future developments in the field of injuries 
we used the technique of scenario analysis. I' This is a forecasting technique 
that provides a set of "plausible descriptions how the present could possibly 
evolve into the future".l1 By using this technique, uncertainty about the 
future can partly be reduced. Scenarios can be generated in different ways. 
This research project used the following approach. 

Expectations on future developments were generated with the help of a 
Delphi study."·1J This is a method which samples the opinions of a group of 
experts through a series of questionnaires, and which has 3 specific 
features: 
- anonymity (the participants do not know who else is in the group); 
- iteration and controlled feedback (two or more successive 

questionnaires are used which also inform the participants about the 
group's collective opinion, as expressed in the preceding 
questionnaire); and 
statistical group response (both the center of the distribution of 
answers and the degree of variation are presented). 

Eighty Dutch experts were asked to participate in this project. Four 
groups of 20 panellists were formed, each covering a different subarea: 
traffic injuries, occupational injuries, home and leisure injuries, and medical 
care for injury victims. Each group received a different questionnaire. 

First of all, the experts were asked to give their opinions on the "most 
likely development" between 1985 and the year 2000 under the following 
conditions: 

no new policy measmes in the fields of injury prevention and medical 
care for accident victims; 
demographic evolution as predicted by the Central Bureau of 
Statistics;14 
modest economic growth as described by the Central Planning Bureau." 



The panellists had to give quantitative estimates of the development of 
different types of exposures, injury risks and case fatalities. In addition, a 
verbal explanation of these quantitative estimates had to be given (e.g. 
expectations about socio-cultural developments, expectations about 
technology). 

Secondly, the expelis were asked about their expectations under 
"alternative autonomous conditions" (e.g. absence of economic growth, 
rapid economic growth or other conditions with a "low probability, high 
impact"-character). Again, both quantitative estimates and verbal 
explanations had to be given. 

Finally, the participants were asked to list policy measures that could 
possibly be implemented before the year 2000, and to give quantitative 
estimates of their effects. 

The Delphi study was structured into two rounds. Of the panellists, 82% 
responded in both rounds. The Delphi study resulted in a number of sets of 
verbal descriptions and quantitative estimates, out of which 8 different 
scenarios were constructed. In generating these scenarios, the opinions 
about specific items of a two-thirds majority of the Delphi panellists were 
used. The scenarios covered the whole field of unintentional injuries. 

In order to be able to calculate the effects of different scenarios on injury 
mortality, a computer model was constructed. The computer model 
consisted of two parts, a demographic submodel simulating changes in the 
population structure as forecasted by the Central Bureau of Statistics, and 
an epidemiologic submodel. In the epidemiologic submodel, the injury 
mortality of a future year is calculated by mUltiplying the population 
numbers by age and sex as computed in the demographic submodel, and the 
exposures, injury risks and case fatalities of 13 different activities and 5 
different types of injury. The data on exposures, injUly risks and case 
fatalities in 1985 were derived from routinely available statistical 
information from the Netherlands. For future years the data were adapted as 
suggested by the Delphi panels. 

4.2.3 EXPLORATION OF THE FUTURE: RESULTS 

The scenarios that were constructed are shown in table 4.2.1. All 
scenarios share the assumption that the population structure will change as 
forecasted by the Central Bureau of Statistics. Most important feature of 
this forecast is a growing number of people above the age of 65 years 
between 1985 (12% of the total population) and the year 2000 (14% of the 
total population). 
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T>lllie 4.2.1 ' 

TIle scenarios that were generated and their characteristics 

Scenario 

Demographic scenario 

Most likely autonomous scenario 

- reference scenario 

Alternative autonomous scenarios 

- high grmvth scenario 

- stagnation scenario 

- risk-seeking scenario 

- risk-avoiding scenario 

Health policy scenarios 

- injury prevention scenario 

- medical care scenario 

- combination scenario 

Characteristics 

Ageing of the population 

Modest economic growth (1.5%) 

Modest increase of risk behaviour 

Rapid economic grO\vth (4%) 

Economic stagnation (0%) 

Strong increase of risk behaviour 

Strong decrease of risk behaviour 

Forceful continuation of primary prevention 

New system of trauma care 

Forceful continuation of primary prevention 

combined with new system of trauma care 

To show the separate effects of an ageing population the outcomes of a 
so-called demographic scenario were calculated. This scenario assumes that 
apari from changes in population structure, there will be no differences with 
the present situation. 

The opinions of more than two-thirds of the Delphi experts on the most 
likely "autonomous" development between 1985 and the year 2000 underlie 
the so-called reference scenario. 

Four alternative autonomous scenarios are based on the expectations of 
the Delphi panellists assuming alternative autonomous conditions. 

The lists of policy measures and the estimates of their quantitative 
effects provided the elements for three health policy scenarios. 

Reference scenario 

The reference scenario occupies a central place among the scenarios that 
were generated. This scenario reflects the most likely development between 
1985 and the year 2000 assuming that no new policy measures are taken. 



According to a two-third majority of the Delphi panellists exposures, injury 
risks and case fatalities will develop as shown in table 4.2.2. 

The amount of traffic (especially the use of passenger cars) will rise. 
Injury risks, however, will decrease almost proportionally, because of 
teclmological progress improving the safety of vehicles and road 
environment. 

TIle development of exposures, injury risks and case fatalities in the reference scenario, 

1985·2000 

Exposure Injury risk 

Activity 

~ travelling by passenger car + 

~ travelling by moped 0/- +/0 

M cycling +/0 0/-

- walking 0 0/· 

- other travelling 0 0/· 

- working in agriculture, manufacturing or 0/· 0/· 

building trade 

- working in Ule service sector 0 0 

- housekeeping 0/· 0 

- do-it-yourself-activities + + 

- other activities at home 0 0 

- outdoor activities 0 0 

- sports +/0 +/0 

- other leisure activities +/0 0 

Tjpe o/ify'lilY 

- skull fractures and intracranial injuries 

- internal injuries of chest, abdomen, and pelvis 

- fractures of the IO\''o'cr extremity 

- other fractures, luxations, distortions and contusions 

- other injuries 

Key: + = +3% per year +/0 == +1.5% per year 

0= +0% per year 0/- = -1.5% per year - = -3% per year 

Case fatality 

o 
0/· 

0/· 

0/· 
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Less manpower will be required in hazardous jobs (manufacturing, 
agriculture, building trade) due to widespread automation of work. In 
addition, occupational injury risks will decrease due to the availability of 
new teChnologies for controlling work-related injury. Home and leisure 
injury will show a more unfavourable development. Most Delphi experts 
believe that activities with relatively high injury risks (do-it-yourself
activities, spOlis and other leisure activities) will grow in importance and 
that within these activities there will be a shift to the more risky ones 
(leading to even higher injury risks). According to most Delphi experts case 
fatality will decrease for all types of injmy, except injury of the central 
nervous system. Progress in medical technology is the most impOtiant factor 
influencing this development. 

Injmy mortality resulting from the developments described above can be 
calculated with the help of the computer model (Fig. 4.2.1). 

Figure 4.2.1 presents the mortality in the fields of traffic it~uries, 
occupational it~uries, home and leisure injuries and the sum of all injuries 
in 3 different situations: the situation in 1985 (left bars), the situation in the 
year 2000 according to the demographic scenario (middle bars) and the 
situation in the year 2000 according to the reference scenario (right bars). 

Mortality caused by traffic injuries, occupational injuries and home and leisure injuries in 

1985 and the year 2000 (demographic scenario, reference scenario) 
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It is clear that if the reference scenario is fulfilled, injury mortality will 
remain almost at the level of 1985. Experts anticipate both favourable and 
unfavourable developments. Moreover, the aging of the population will tend 
to increase injury mortality. 

Altel'llative autonomous scenarios 

Apart from the reference scenario, 4 alternative autonomous scenarios 
were constructed. Two scenarios were built on alternative assumptions 
about economic growth: a high growth scenario and a stagnation scenario. 
These scenarios describe what will happen according to more than two
thirds of the Delphi panel lists in case of an annual economic growth of 4% 
and 0%, respectively. The high growth scenario is characterized by 
unfavourable developments in the area of traffic it~uries and occupational 
injuries. The amount of traffic for instance, is thought to rise even faster 
than in the reference scenario. Moreover, injury risks will rise because 
people will show a higher level of risk acceptation. This scenario will 
hardly influence the field of home and leisure injuries. The stagnation 
scenario is characterized by unfavourable developments within all 3 
subcategories. Because of the poor economic situation, technologies that 
would be able to improve traffic and occupational safety will not penetrate 
on a large scale. InjUly risks at home will rise because of poor living 
conditions. In addition, a lack of progress in the field of medical technology 
will ensure that the case fatality is not reduced for any type of injury. 

Two scenarios were built on alternative assumptions about risk 
behaviour: a risk-seeking scenario and a risk-avoiding scenario. These 
scenarios reflect what will happen if socio-cultural changes characterized by 
a substantial increase or decrease of the level of risk acceptation in society 
occur. The risk-seeking scenario assumes that, because of the favourable 
trends in the recent past, risk consciousness will decrease, leading to a 
tremendous increase in risk behaviour in society. (A minority of the Delphi 
experts believes that this is the most likely scenario.) 

The risk-avoiding scenario assumes that risk consciousness will increase, 
causing people to avoid hazardous activities such as motor vehicle driving, 
sports and do-it-yourself-activities. 

The effects of the alternative autonomous scenarios on injury m0l1ality 
by the year 2000 are shown in figure 4.2.2, which illustrates the differences 
between these scenarios and the reference scenario. It is important to keep 
in mind that in the reference scenario, injury mortality remains almost at the 
level of 1985. 139 
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.Figure 4.2.2 

Mortality caused by traffic injuries, occupational injuries and home and leisure injuries in Ule 

year 2000, according to 4 altemative autonomous scenarios 
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In 3 of the 4 alternative autonomous scenarios injury mortality will tend 
to rise. The high growth scenario is characterized by unfavourable 
developments in the fields of traffic and occupational injuries. In the 
stagnation scenario the unfavourable development in the field of home and 
leisure injuries would appear to be the most important factor. Special 
attention for traffic injuries is called for in the risk-seeking scenario. Only 
the risk-avoiding scenario has a better outcome than the reference scenario. 

Health policy scenal'ios 

In order to demonstrate to health policy makers the potential effects of 
alternative strategies, 3 scenarios were generated assuming different types 
of policy measures. 

The injury prevention scenario consists of a great number of preventive 
policy measures, aimed at the reduction of traffic injuries, occupational 
injuries and home and leisure injuries (table 4.2.3). According to more than 
two-thirds of the Delphi panellists all these measures can be implemented 
before the year 2000, and will lead to a reduction of the injury risks in all 
fields. 
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The policy measures of the injury prevention scenario 

n-afJic sa/ely 
Implementation ofa national policy in the field oftraft1c safety education 

Implementation of a national policy to improve the visibility of vehicles 

Continuation of measures aimed at the separation of traffic modes 

Continuation of the removal of "black spots" 

Reduction oflhe maximum speed in residential areas 

Stimulation of the use ofteclUlology which improves traffic safety 

New alcohollegislatiol1 aimed at a reduction of alcohol distribution and alcohol 

consumption 

Occupational safety 

Introduction of the duty for companies with more than 500 employees 

- to compose an annual occupational safety plan 

- to develop an occupational safety service 

Extension of the Working Conditions Act to include the whole working population 

Extension orthe capacity and the powers of the labour inspection 

Introduction of legislation regulating working with toxic substances 

Extension or the powers of works councils where problems Ofoccllpational safety are 

concemed 

Development of a consultancy for small and medium-sized businesses 

Introduction of the duty for companies with potential dangers for their environment 

- to report and registrate all system failures and near-accidents 

- to perfoml risk analyses 

Introduction of legislation in the field of risk liability 

Home and leisure safety 

Implementation of a national policy plan in the field of safety education 

Introduction of safety education at primary schools 

Development of safety requirements for the products that are most often involved in 

injuries 

Introduction of legislation in the field of "product-recall" 

Introduction of legislation in the field of "product-liability" 

Extension of the capacity and responsibility of the inspection services 

Stimulation orUle development of safety hallmarks 

Improvement of infonnation about consumer products 

Introduction of legislation aimed at child proof safety packaging of dmgs 

Taking into account which effect dmgs can have in case of overdosing, when 

considering a pennit for a new drug 

Adaptation oflhe rules of some sports in order to meet safety requirements 

Improvement of infomlation about the prevention of sports injuries 



The medical care scenario consists of a number of measures aimed at the 
improvement of the organization of the care for trauma victims (Table 
4.2.4). According to more than two-thirds of the Delphi panellists these 
measures can be implemented before the year 2000, and will lead to a 
reduction of the case fatalities of all types of injury (including injuries of 
the central nervous system). Most of these measures are derived from other 
countries (U.S.A., West Germany), reporting favourable experiences with 
them, both in respect of prehospital careI6

." and hospital care.'o" 

The policy measures orlhe medical care scenario 

- Introduction of a nation-wide emergency phone number 

- Introduction oflhe requirement that every ambulance is staffed with at least one qualified 

nurse with supplementary training in the care of trauma victims 
- Development of treatment protocols for ambulance attendants 

- Clustering of the facilities in hospitals that are needed in the process of diagnosis and 

treatment of trauma victims 

- Obligatory presence in hospitals of a medical siaff member who coordinates all actions 
around trauma victims 

g - Regionalization of trauma care 

~ 
~ 
~ 
is The combination scenario assumes the implementation of both the 
~ measures relating to the injury prevention scenario and to the medical 

11 scenario, leading to the reduction of both injury risks and case fatalities. 
!i' Figure 4.2.3 shows that the 3 health policy scenarios all lead to a substantial 
'", 
~ reduction of injury mortality. 
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Mortality caused by traffic injuries, occupational ittiuries and home and leisure injuries in the 

year 2000, according to 3 health policy scenarios 
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4.2.4 DISCUSSION 

occupation home & leisure total 

ImmI medical 
care 

H'fJ combi
nation 

Expectations on autonomous developments 

The reference scenario shows very clearly that Dutch health policy 
makers must take both favourable and unfavourable developments into 
account. Experts expect progress in the field of (medical) technology. On 
the other hand, unfavourable trends are anticipated. Some examples are the 
consequences of ageing of the population, a rising amount of traffic and a 
growing participation in hazardous sports and other leisure activities. In this 
scenario, injury mortality remains at the level of 1985. 

The reference scenario can be used in answering the question whether it 
would be possible to reach the 25%-reduction of injury mortality between 
1980 and the year 2000, aimed at by the WHO. When attempting to answer 
this question, it should be borne in mind that between 1980 (the base year 
of the WHO-targets), and 1984 (the year of adoption of those targets), 
injury mOltality in the Netherlands had already dropped by 17%. If the 
reference scenario is fulfilled, the total reduction of injury mOltality 
between 1980 and 2000 would be 20%. From the perspective of the "Health 
for all "-strategy this seems a very reasonable result, which could be reached 
without any interference. 143 
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An important consideration is, however, that between 1985 and 2000 
hardly any further reduction of this major health problem would be realized, 
making it essential to adjust the WHO target. Aiming at a 25%-reduction of 
injury mortality between 1985 and the year 2000 should be recommended 
for the Netherlands. 

The reference scenario is not the only possible autonomous scenario. 
Health policy makers can be confronted with conditions leading to even 
more unfavourable outcomes. Both rapid economic growth and economic 
stagnation would lead to a substantial rise in injury mortality. Moreover, the 
level of risk acceptation in society might increase, also leading to a rise in 
injury mortality. A scenario assuming the avoidance of hazardous activities, 
however, would lead to a decline in injury mortality. 

The alternative autonomous scenarios show the necessity of continuous 
monitoring in this field. Through continuous monitoring, undesired effects 
can be discovered at an early stage of their development, allowing health 
policy makers to change their strategy in time. 

Possible strategies to reduce injury mortality 

Three health policy scenarios offer the elements for possible strategies to 
reduce injlllY mortality between 1985 and the year 2000. 

The first possible strategy is injury prevention. Dutch health policy has a 
tradition in this field. Probably because of this tradition, injury mortality in 
the Netherlands is already low compared with other industrialized countries. 
Despite this, it is believed that the number of injuries can still be greatly 
reduced. According to experts, a forceful approach consisting of new 
measures aimed at the improvement of road behaviour, road vehicles and 
road environment will lead to further impressive reductions of road traffic 
casualties. Occupational injury mOl1ality can be further reduced by 
implementing new measures within the framework of recent legislation in 
this field (Working Conditions Act 1980). Home and leisure injury 
mortality can be reduced by a number of initiatives aimed at improving 
human behaviour and product safety. 

According to calculations based on the experts' estimates, a combination 
of all these measures could lead to a 30%-reduction of injury mortality 
between 1985 and the year 2000. 

A second strategy lies in the field of medical care for injUly victims. The 
results of the scenario project show that experts expect much from an 
improvement of the Dutch system of trauma care. This system has been 
criticized." 



Minimal qualifications required for the professionals delivering medical 
care on the spot of the accident and during transport (ambulance attendants) 
are one of the features of the Dutch system. Another is that most patients 
are transported immediately to the nearest hospital (even if this hospital 
lacks the facilities which are needed, such as a neurosurgery department in 
case of injury of the central nervous system). 

These characteristics show that in the Netherlands the field of medical 
care for injury victims - contrary to the field of injury prevention - is not 
very well developed in comparison with other countries. 

For that reason a new system of trauma care is proposed which is based 
on experiences from abroad (U.S.A., West Germany). The proposed new 
system has as most important features that all ambulance attendants must be 
highly trained and skilled and that hospital trauma care is regionalized. In a 
system of regionalized trauma care all critically injured patients will be 
transpolied immediately to hospitals equipped with all facilities needed. 
Expelis believe that trauma victims - especially those with il~uries to the 
central nervous system - will benefit highly from the new approach. 

Calculations based on the experts' estimates show that by implementing 
this strategy a 20%-reduction of injury mortality between 1985 and the year 
2000 could be reached, especially by its impressive effects on traffic 
accident mOliality. 

The third strategy combines new measures in the field of injury 
prevention with an improvement of the system of trauma care. By 
implementing this strategy a 40%-reduction of injury mortality between 
1985 and the year 2000 could be reached. 

It can be concluded from the above that if one aims at a 25%-reduction 
of injUlY mortality between 1985 and 2000, several strategies can be 
chosen. 

The results of the scenario project, however, do not make clear which 
strategy should be preferred. Although the calculations show that the injUlY 
prevention scenario has greater effects than the medical care scenario this 
information is not sufficient to set priorities. A point requiring further 
attention is the lack of knowledge about the cost-effectiveness of the 
different strategies. For this reason cost-effectiveness analyses in this area 
are recommended. 
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Injury mortality after the year 2000 

The strategies discussed above are meant to reduce the problem of injury 
mortality before the year 2000. However, even if a strategy is chosen which 
combines new measures in the field of injury prevention with improvements 
in the field of medical care, the problem of injury mortality will not be 
solved by the year 2000; our calculations show that in the Netherlands over 
2200 people will still be killed by accidental injuries each year. This 
demonstrates the need for a strategy aiming at a further reduction of this 
health problem after the year 2000. Because of the long time-lag between 
development and implementation of policy measures, this strategy should 
be prepared in the coming years. 

In the first place, policy measures which influence exposure to injury 
risks should be considered. The injury prevention scenario does not contain 
measures of this type, because it is believed that they cannot be 
implemented before the year 2000. Because of their influence on the 
beginning of the "chain" leading to injury mortality, these measures could 
be very effective. For example, less hazardous traffic modes, sports or other 
leisure activities could be stimulated. 

In the second place legislation could be prepared which permits products 
to penetrate the consumer market only if they contain all available safety 
technology. An example of such a product is the so-called "research safety 
vehicle". This is a motor vehicle into which all available technology in the 
fields of crash avoidance, side crash protection and the protection of 
pedestrians has been buil!." 

In the third place, initiatives are needed that will provide health policy 
makers with better facilities for decision making. Registration of injuries 
and their consequences should be improved. The pace at which changes 
occur makes a continuous monitoring of developments in this field 
essential. In the process of long-term health planning, the generated 
scenarios can be a very important tool. These scenarios draw attention to 
undesired effects at an early stage of their development. 

In order to formulate effective strategies for the long term, it is 
necessary to increase te scientific knowledge about this health problem. 
Finally, cooperation between health policy makers responsible for different 
subareas should be stimulated. 



Concluding !'ema!'ks 

Possible future developments in injury mortality in the Netherlands were 
explored with the help of scenario analysis. The results of the project are 
mainly based on "speculations" by a great number of Dutch expel1s. For 
that reason they do not "predict" the future. Nevel1heless, they provide 
health policy makers with an important tool for long-term health planning. 

In the first place, uncertainty about the future is pal1ly reduced. 
Knowledge about the possible effects of different sets of "autonomous" 
conditions has become available. This information can stimulate health 
policy makers to develop strategies which will turn autonomous conditions 
with undesired effects into "self-denying prophecies". 

Secondly, a great number of Dutch expel1s has formulated an opinion on 
the possible effects of different strategies aimed at a further reduction of 
injury mortality. This information can also be of value. Expert opinion can 
be taken into account when discussing possible strategies. 

In the third place, the scenarios that were generated can be used as pal1 
of an "early warning system". Continuous monitoring facilitates 
unfavourable trends and their causes to be detected at an early stage in their 
development, allowing health policy makers to react in time. 

It may be concluded that health policy makers have been provided with 
information which might help them in decision making. The future will 
show whether this information has contributed to a reduction of injury 
mortality in the Netherlands. 
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4.3 

ABSTRACT 

Health policy needs effective public health surveillance systems. In 
order to support injUly control in the Netherlands, we established a 
surveillance system which monitors trends in the epidemiology of injuries 
due to traffic accidents, occupational accidents and home and leisure 
accidents. We introduced the combination of traditional monitoring methods 
with a new tool: the use of future health scenarios. Trends in the 
epidemiology of injuries since 1985 were compared to observations from 
the preceding period (1970-1985) and to future health scenarios (1985-
2000). These scenarios were based on the opinions of 80 Dutch experts, 
which had been collected with the help of a Delphi study. We identified 
interruptions of the actual injUly mortality trends in the Netherlands. In the 
second half of the I980s the rapidly declining injury mOltality trends of the 
period 1970-1985 slowed down (traffic accidents), slightly reversed 
(occupational accidents) or stabilized (home and leisure accidents). The 
transitions into less favourable developments were foreseen by Dutch 
experts. The future health scenarios appear to have added value for health 
policy. They offer a well-defined conceptual framework for monitoring and 
facilitate the early detection of trend interruptions. Moreover, they provide 
information on the most likely future development and on the feasibility of 
health policy goals. The results of our study show that health policy goals 
of the Dutch government will not be reached and that new initiatives in 
injury control are needed. 



--4-3 
Future health scenarios as a tool in 

the surveillance of unintentional 

injuries: an evaluation 

4.3.1 INTRODUCTION 

The recognition of unintentional injuries as a major health problem in 
industrialized countries'" has led to the need for developing surveillance 
systems in this area, 

Unintentional injuries are injuries sustained by the victims of traffic 
accidents, occupational accidents and home and leisure accidents, They are 
caused by sudden events which were not intended to happen. They must be 
distinguished from intentional injuries, which are either self-inflicted 
(suicide and attempted suicide) or the result of deliberate harm by other 
people (homicide and assault),' 

Surveillance, which is one of the main activities of public health, might 
be defined as "the ongoing systematic collection, analysis and interpretation 
of health data essential to the planning, implementation and evaluation of 
public health practice, closely integrated with the timely dissemination of 
these data to those who need to know".' 

It is an important instrument for health policy makers, for it serves the 
assessment of the burden of disease in society, helps in identitying changes 
of disease frequency, and generates hypotheses on the main determinants of 
these changes, In this way it has the potential to suggest hypotheses for 
etiologic research as well as of triggering control activities.' 

Public health surveillance has its origin in the field of infectious 
diseases.'" Important applications are employed in this area, as illustrated by 
the worldwide use of surveillance systems for influenza mortality' or 
AIDS,' For many other public health problems, however, surveillance 
systems have also been established, such as, for example, in the fields of 
congenital malformations,I()..12 cardiovascular diseases,13,14 cancerJ5·17 and 
unintentional injuries,18.10 151 
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In all these areas, public health surveillance systems have in common 
that they primarily aim at detecting changes in disease frequency: This 
main element might be described as trend monitoring. It is the process of 
data collection and analysis in order to detect and explain any unexpected 
deviation in disease trends." Monitoring may lead to the identification of 
trend interruptions or even reversals. In making these identifications, the use 
of statistical methods is of great value. 22-28 

This article reports the findings of a public health surveillance system in 
the Netherlands which has monitored trends in the area of traffic accidents, 
occupational accidents and home and leisure accidents since 1985. This 
system combines traditional monitoring methods with a new tool: the use of 
future health scenarios. This combination was introduced because we 
assumed that it could make monitoring more effective from a health policy 
perspective. The initiative for this surveillance system was taken by the 
Dutch Steering Committee on Future Health Scenarios, subsequent to an 
investigation into possible future developments." The results of this 
investigation were reported earlier in an article offering information on 
anticipated developments in the Netherlands in the period 1985-2000.30 

The present aliicle reports the results of analyses which addressed the 
following questions: 

which trends can be observed in the numbers of injuries and deaths due to 
traffic accidents, occupational accidents and home and leisure accidents in 
the Netherlands since 1985? 
how do these trends compare with trends of the preceding period (1970-
1985) and to anticipated developments (I 985-2000)? 

- which factors could explain any differences between the development of 
injuries and deaths since 1985 and trends of the preceding period (1970-
1985) or anticipated developments (l985-2000)? 
what is the most likely future development of the frequency of injuries 
and deaths in the Netherlands? 
what are the implications of the observed developments for injllly control 
in the light of health policy goals in this area? 
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4.3.2 DATA AND METHODS 

Surveillance data 

The Netherlands has a long tradition for collecting injury data. Our 
public health surveillance system is primarily based on the different data 
sources which are available. 

First of all, m0l1ality data can be derived from national cause-of-death 
statistics, including all types of unintentional injuries." These mortality data 
stretch across decades, and are still of principal value in injury surveillance. 

Unlike the situation in the field of many other diseases, mortality figures 
are not the only available surveillance data. The ongoing systematic 
collection of data on the incidence of traffic injuries and occupational 
injuries started over 40 years ago already,"" and was more recently 
extended to home and leisure injuries." [n addition, some data are available 
on the exposure to injury risks, such as the traffic mobility data derived 
from annual mobility surveys" and employment figures." 

Our public health surveillance system uses data from all the sources 
mentioned above. By combining data from these different sources detailed 
analyses can be made. This is done with the help of a conceptual model of 
the processes behind accidental injuries and deaths, which distinguishes the 
following levels of explanation. 

Developments in mOl1ality (the number of accidental deaths per 100.000 
person-years) are the result of developments in the incidence of injuries (the 
number of injured people per 1000 person-years) and developments in the 
case fatality (the number of deaths per 100 injured persons). Trends in the 
incidence of injuries are based on developments in exposure (e.g. the 
number of passenger car kilometres per 1000 person-years) and 
developments in injl11Y risks (e.g. the number of injured people per 
passenger car kilometre). Trends in exposure, injury risk and case fatality in 
turn are influenced by demographic, economic, socio-cultural and 
technological developments (all "autonomous" from the point of view of 
health policy makers), as well as by policy measures aimed at the 
prevention of injuries or the improvement of trauma care. 
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Scenario construction 

With the help of the aforementioned model, expectations on possible 
future developments had been generated in the first phase of our projectJO. 
These anticipated developments play an important role in our public health 
surveillance system. Expectations on the future had been generated with the 
help of a Delphi study, l6·11 which sampled the opinions of 80 Dutch experts. 
Four panels of20 expel1s each had been formed in the following areas: 
traffic safety, occupational safety, home and leisure safety and trauma care. 
These experts were asked to give quantitative estimates of developments in 
the following parameters in the epidemiology of injuries between 1985 and 
2000: exposure by type of activity, injury risk pel' unit of exposure and case 
fatality by type of injury. 

They had to express their opinions under vaIying assumptions on 
autonomous background factors (Le. demographic, economic, socio-cultural 
and technological trends) and health policy efforts (Le. level of activities 
with respect to injury prevention and organization of trauma care). 

The results of this Delphi study were first of all used to construct a 
"reference scenario". This scenario builds on the combination of 
autonomous and policy developments to be regarded as "most likely" 
according to the interrogated experts. 
Main assumptions of this scenario for the period 1985-2000 were: 
- a slight ageing of the population (an increase of the proportion of elderly 

people from 12% to 14%) 
a modest economic growth of 1.5% pel' year on the average 
no alterations in risk behaviour in society 
rapid progress in safety enhancing technology and medical technology 
absence of new policy measures in injury prevention and organization of 
trauma care, 

We were able to calculate the net effects of this scenario on public health 
indicators at the population level (e.g. the clUde accident mortality rate) 
with the help of a computer model, which used the quantitative estimates of 
the Delphi panels on specific epidemiological parameters as its input." 
Apart from the reference scenario, a number of scenarios with a lower 
probability could be constructed as well. These scenarios differ from the 
reference scenario in either their expected level of economic growth (high 
growth scenario, stagnation scenario), or their anticipated development of 
risk behaviour in society (risk seeking scenario, risk avoiding scenario), 01' 

their implementation of policy measures (prevention scenario, medical care 
scenario, combined prevention/medical care scenario). 
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The construction of scenarios in the first phase of our project led to the 
conclusion that developments in the epidemiology of injuries should 
probably be less favourable between 1985 and 2000 than in the preceding 
period. Without health policy intervention, no further substantial declines in 
deaths and injuries due to traffic accidents, occupational accidents and 
home and leisure accidents were anticipated.""' 

Trend monitoring 

The analyses of our surveillance system, as repOlied in this article, were 
performed in the following way. First of all, both the mOl1ality and the 
incidence of injuries due to traffic accidents, occupational accidents and 
home and leisure accidents were calculated (with 95% confidence intervals) 
for each separate year from 1985 until 1994. These figures were compared 
to observations made in the preceding period (1970-1985) as well as to 
anticipated developments (1985-2000, according to the reference scenario 
and the other abovementioned scenarios). The figures were not adjusted for 
changes in the demographic composition of the population. From a health 
policy perspective the crude rates must be preferred above the adjusted rates 
because they better indicate changes in the burden of disease in society. 

Possible changes in temporal trends of accidental injuries and deaths 
were identified by comparing mean annual changes in different time 
periods. Mean annual changes were calculated by dividing the sum of the 
changes of each separate year by the number of years in that period. In 
order to obtain information on the factors which could be responsible for 
these changes more detailed analyses were performed. In the area of traffic 
accidents, the mean annual changes of the exposure, injury risk and case 
fatality by mode of transport were calculated (for passenger car occupants, 
moped riders, cyclists, pedestrians, and users of other modes of transport). 
In the field of occupational accidents more detailed analyses were 
performed by branch of industry (for workers in manufacturing/construction 
and the service sector respectively). Lack of data on the exposure to injury 
risks by type of activity made it impossible to apply the same procedure in 
the area of home and leisure accidents. Developments in this field were 
somewhat further analyzed by distinguishing different age categories. 

155 



156 

4·3 

4.3.3 RESULTS 

Figure 4.3.1 is composed ofa set of graphs showing trends in both the 
incidence of injuries and the mortality due to traffic accidents, occupational 
accidents and home and leisure accidents. The figures shown in these 
graphs are all indexed at the level of 1985, which is the base year of the 
future health scenarios. An occupational accident mortality level of more 
than 400 in 1970, for example, means that in that specific year occupational 
accident mortality was more than 4 times as high as in 1985. The figure 
shows that between 1970 and 1985, tremendous drops occurred in the levels 
of injuries and deaths from accidents in the Netherlands. According to the 
"most likely" or reference scenario, the rapidly declining trends in traffic 
and occupational injuries and deaths throughout the period 1970-1985 were 
expected to level off between 1985 and 2000. And in the field of home and 
leisure accidents, growing numbers of injuries and deaths were anticipated. 
In addition to the effects of the reference scenario, figure 4.3.1 shows the 
results of two even more unfavourable possibilities: the high growth 
scenario and the risk seeking scenario. Moreover, the results of the 
prevention scenario are shown, which are based on experts' estimates of the 
effects of possible preventive strategies. 

The actual developments in the epidemiology of injuries since 1985 are 
quite interesting, both in comparison to trends of the preceding period 
(1970-1985) and to anticipated developments (1985-2000). Figure 4.3.1 
shows that recent trends in both the incidence of injuries and the accident 
mortality in general are less favourable than in the period 1970-1985. In the 
area of traffic accidents the number of injuries has decreased only gradually 
since 1985. Traffic accident mortality shows a somewhat more favourable 
trend (a m0l1ality reduction of 3% pel' year), which however also implies a 
change as compared to the rapidly declining figures of the preceding period 
(a mortality decline of 6% pel' year). A change in temporal trend was also 
observed in the area of occupational accidents, an area in which the number 
of injuries and deaths has failed to drop any further since the second half of 
the 1980s. The field of home and leisure accidents shows striking 
differences between developments in the incidence of injuries and 
developments in accident mortality. The incidence of injuries in this area 
has fallen since 1985. Accident mortality, on the contrary, has more or less 
remained at the level of 1985, which is a change in comparison to the 
declining figures (mol1ality reductions of3% per year) of the preceding 
period. 
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Comparison of trends in traffic, occupational and home and leisure injuries since 1985 with 

historical data (1970-1985) and filture health scenarios (1985-2000), (figures indexed at 

1985, 1= 95% confidence interval) 
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If recent observations are compared to anticipated developments, we 
find many similarities between the actual trends and the expectations of the 
"reference scenario", which predicted interruptions of the rapid declines of 
the preceding period. An important exception to this general observation, 
however, is the development of the incidence of home and leisure injtll'ies, 
which has shown a reduction since 1985 instead of the predicted increase. 

Mean alUmal changes (%) of exposure, injury risk, incidence of injuries, case fatality and 

accident mortality of traffic accidents by mode of transport (in different time periods) 

Exposure Injury Incidence Case Accident 

Risk of injuries Fatality mortality 

(passenger km/ (injuries! (injuriesl (deathsl (deatllSl 

inhabitants) passenger km) inhabitants) injuries) inhabitants) 

Passenger cal' occupants 

M70·85,obsclved +2.0 ·4.5 ·2.5 ·2.0 ·4.5 

~85M94, obsclved +1.0 ·1.0 0.0 ·2.5 -2.5 

.85.2000, ref.scen. +3.0 ·3.0 0.0 .1.5 ·1.5 

Moped riders 

-70-85, observed ·7.5 +2.0 ·5.5 ·4.5 ·10.0 

-85-94, observed ·4.0 +2.0 ·2.0 0,0 ·2,0 

-85-2000 rcf.seen. -1.5 +1.5 0.0 0.0 0.0 

Cyclists 

·70-85, observed -1.0 +3,0 +2.0 -5.5 -3.5 

-85-94, observed 0.0 ·1.5 -1.5 ·2.0 -3.5 

·85·2000, rcr.seen. +1.5 ·1.5 0.0 0.0 0,0 

Pedestrians 

-70-85, observed n.a. n.a ·5.0 ·3.5 -8,5 

-85-94, observed n,a n.' ·3.5 0.0 ·3.5 

-85-2000, ref.scen. n.a n.' ·1.5 0,0 ·1.5 

Other traffic 

·75·85, observed n.a n.a -0.5 -4.0 ·4.5 

~85-94, observed n .• Il.a +3.5 +1.0 +4.5 

~85-2000, ref. seen. n.a n" .1.5 0.0 ·1.5 

n.a. = not available ref.scen. = reference scenario 
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Results of more detailed analyses in the field of traffic accidents are 
summarized in table 4.3.1, which offers a picture of the mean annual 
changes of several parameters in different time periods. The table shows the 
specific developments which caused the rapid decline of traffic accident 
mortality to level off recently. 

It appears that since 1985, all modes of transport, with the exception of 
cyclists, show less favourable developments in accident mortality than in 
the preceding period. The main factors behind these trend alterations differ 
according to mode of transport. A major factor in the case of passenger car 
occupants is the fact that the injury risk no longer exhibits the spectacular 
decrease of the period 1970-1985. Noteworthy in the case of moped riders, 
pedestrians and "other traffic" is the fact that no further declines in case 
fatality were observed. 

Comparison of trends in mortality, exposure, it~ury risk and case fatality of passenger car 

occupants since 1985 with historical data (1970-1985) and future health scenarios 

(1985-2000), (figures indexed at 1985, I ~ 95% confidence intervals). 
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Although many of the observed developments were more or less 
anticipated, in general the actual trends since 1985 tend to be somewhat 
more favourable than the expectations. The specific trends with respect to 
passenger car occupants have been made visible in figure 4.3.2, which 
clearly shows differences and commonalities of actual trends with expected 
trends according to the reference scenario. The figure shows that the injury 
risk of passenger car occupants ceased to decline at the end of the 1980s. 

Table 4.3.2 shows specific developments in the field of occupational 
accidents. It illustrates a "trend interruption" in different branches of 
industry. This is based on increasing employment figures in combination 
with injury risks showing more gradual decreases than observed in the 
period 1970-1985. The trend interruptions in this area were already foreseen 
by experts. 

lfniHc'lI.3.2"' ~% 
""" '0~ ~ 

Mean annual changes (%) of exposure, injury risk, incidence of injuries, case fatality and 

accident mortality of occupational accidents by branch of industry (in different time periods) 

Manufactul"ing/Constructioll 

~70-85, observed 

·85-94, observed 

-85-2000, ref.scen. 

Service sectol' 

-70-85, observed 

-85-94, observed 

-85-2000, ref. seen. 

rcf.seen. = reference scenario 

Exposure 

(workers! 

inhabitants) 

·3.0 

+1.0 

-1.5 

+0.5 

+4.5 

+1.5 

Injury 
Risk 

(injuriesl 

v.,'Orkers) 

-4.5 

-1.5 

-1.5 

-3.0 

-1.5 

-1.5 

Incidence 
of injuries 

(injuries! 

inhabitants) 

-7.5 

-0.5 

-3.0 

-2.5 

+3.0 

0.0 

Case Accident 

Fatality mortality 

(deathsl (deathsl 

injuries) inhabitants) 

-0.5 

0.0 

0.0 

-7.5 

-2.0 

0.0 

·8.0 

·0.5 

-3.0 

·10.0 

+1.0 

0.0 
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Table 4.3.3 shows that in the area of home and leisure accidents the 
favourable mOl1ality trends of the period 1970-1985 have continued after 
1985, with the exception of the elderly. In the case of people under the age 
of 65 years, mortality trends are far more favourable than expected in the 
reference scenario. This is based on rapidly decreasing numbers of injuries 
in the population, instead of the increases which were forecasted. For 
elderly people, however, a slight increase of the incidence of injuries can be 
observed, which is accompanied by a less favourable development of the 
case fatality than anticipated. 

Mean annual changes (%) of incidence of injuries, case fatality and accident mortality of home 

and leisure accidents by age (in diferent time periods) 

0-14 

-70»85, observed 

-85-94, observed 

-85-2000, ref.scen. 

15-24 

-70·85, observed 

-85·94, observed 

-85-2000, rcf.scen. 

25-64 

-70-85, observed 

-85-94, observed 

·85-2000, rcf.scen. 

65+ 

-70-85, observed 

-85-94, observed 

·85-2000, rcf.seen, 

n,a = not available 

Incidence Case Accident 

of injuries fatality mortality 

(injuries/inhabitants) (deaths/injuries) (deaths/inlmbitants) 

11.8. 

-1.5 

+1.5 

n,a. 

-2.0 

+3.0 

n.a. 

-1.5 

+3.0 

l1.a. 

+1.0 

+1.0 

ref.seen. = reference scenario 

n.a. 

-2.0 

-1.5 

n.a. 

-3.0 

-1.5 

n.a, 

-2,0 

-1.5 

n.a. 

-1.5 
-3,0 

-7.5 

-3.5 

0.0 

-2.0 

-5.0 

+1.5 

-1.5 

-3.5 

+1.5 

-3,5 

-0,5 

-2,0 
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4.3.4 DISCUSSION 

In this article findings are reported from a public health surveillance 
system in the area of unintentional injuries. With the help of this system we 
could identifY interruptions of the actual injury mortality trends in the 
Netherlands. In the second half of the 1980s the rapidly declining injury 
mOltality trends of the period 1970-1985 slowed down (traffic accidents), 
were slightly reversed (occupational accidents) or stabilized (home and 
leisure accidents). The surveillance system offers information on specific 
subcategories, where unfavourable trends are met, and affords an 
impression of the mechanisms behind these unfavourable trends. We see, 
for example, that passenger car occupant mOl1ality has displayed a less 
favourable trend since 1985 than in the preceding period. This is largely 
based on adverse developments relating to the injury risks of this mode of 
transport, which ceased to become smaller in recent years. 

The above demonstrates that our surveillance system has the potential to 
produce valuable health policy information. One of the main results is the 
identification of trend interruptions. When using this information, the fact 
that injury surveillance is based on routinely collected data should be kept 
in mind. Imp0l1ant data are derived from injury reporting systems based on 
police records" or occupational registers." It is known that these systems 
may suffer from underreporting as well as from changing registration 
procedures over time.'Ho In our study, however, trend interruptions could be 
identified with different data sources (e.g. police records and cause· of
death statistics). It is therefore highly unlikely that the reported 
developments are based on registration artefacts. 

As we mentioned in the introduction, unintentional injuries must be 
distinguished from intentional injuries. In some cases this leads to 
registration error (e.g. a suicide by passenger car may be registered as a 
traffic accident if the authorities do not discover the intentional character of 
the event). It is very unlikely that this lype of registration error has affected 
the main results of our surveillance system. The unfavourable developments 
rep0l1ed in the field of unintentional injuries since 1985 were accompanied 
by slight decreases in the suicide figures." And in spite of recent increases, 
homicide and assault comprise too small a proportion in the total incidence 
and mortality due to injuries in the Netherlands (3%) to exert a significant 
influence on the trends of the other categories." If recent developments in 
the fields of both unintentional and intentional injuries are included it can 
be observed that the total burden of morbidity and mortality due to injuries 
in the Netherlands has more or less stabilized since 1985.41 
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We introduced a new tool in the surveillance of unintentional injuries: 
working with future health scenarios. In our view, this tool has a fourfold 
added value. 

First of all, it offers a well-defined conceptual framework at the start of 
the monitoring activities. This conceptual framework helps to find and 
explain trend interruptions by establishing the respective contributions of 
trends in exposure, injury risk and case fatality by type of activity, and by 
assessing the role of important background factors (like demographic 
trends, technological developments and policy initiatives). With the help of 
available scenarios hypotheses on the main determinants of observed trends 
can rapidly be generated. 

The conceptual framework has led, for example, to the identification of 
an unfavourable trend in the injury risks of passenger car occupants. 
Comparison with the scenarios shows that the actual trend in injury risk 
does not follow the prevention scenario (which assumes new preventive 
policy measures to be implemented) nor the reference scenario (which 
assumes rapid progress in safety enhancing technology). This comparison 
leads to the hypothesis that the unfavourable development of the injury risk 
of passenger car occupants could be the result of absence of new preventive 
measures in combination with too little progress in the implementation of 
new safety enhancing technology. This seems an important health policy 
issue which should be further analyzed. 

Working with a well-defined conceptual framework as explained above, 
however, is not specific to the use of future health scenarios. More specific 
is the following added value to be mentioned. Future health scenarios may 
fulfill the function of an "early warning system". From a health policy 
perspective it is impo11ant to detect unfavourable trends and their 
determinants at an early stage of their development. We have found some 
indications that the availability of scenarios might indeed lead to the more 
early detection of trend interruptions. In our case, the future health scenarios 
did predict the evolution of trend interruptions. Therefore, in our first 
disseminations of surveillance results to health policy makers"'" we 
interpreted the available data (which were only dealing with developments 
until 1989) as "first signs" of possible trend interruptions. At the same time 
other documents, which were based on traditional monitoring or trend 
extrapolations"'" still reported a continuation of the favourable 
developments of the 1980s. This shows that future health scenarios might 
stimulate the early detection of trend interruptions by offering an 
"alternative framework of thought" in addition to knowledge on past trends. 
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In principle, this is a major advantage of the use of future health scenarios 
in addition to traditional monitoring. One must consider, however, that apart 
from raising true positive alarm signals, the method might produce "false 
alarms" as well. In the dissemination of our first results, for example, we 
especially drew attention to unfavourable trends with respect to cyclists 
which seemed to develop according to the (pessimistic) expectations of the 
reference scenario. 43 The results as presented in this article, which are based 
on a longer monitoring period, show the contrary. Cyclists appear to be the 
only subcategory in traffic where the favourable trends of the past seem to 
have continued. This shows that, although future health scenarios have the 
potential to fulfill the function of an "early warning system", 
methodological progress still has to be made. 

The third advantage of the use of future health scenarios in injury 
surveillance is its ability to assess the prognosis of this public health 
problem in the medium and long term. From a health policy perspective this 
ability is very important, especially if a trend interruption has been detected. 
Traditional monitoring can only be of limited value in this aspect, in the 
sense that observed trends in accident mortality and its underlying 
parameters can be extrapolated into the future. The findings of our 
surveillance system, however, clearly indicate that in the dynamic area of 
unintentional injuries actual developments are in most cases not simple 
extrapolations of past trends. Future health scenarios, as based on expert 
opinion, seem to offer more valuable information. The comparison of actual 
developments with a number of future health scenarios provides information 
on the kind of scenario that is in fact under way. In our case we found many 
similarities between the actual epidemiological trends and the expectations 
of the reference scenario. In studying demographic, economic, socio
cultural and technological developments in the Netherlands, we further 
found that the main assumptions of the reference scenario with regard to 
these baCkground factors have been correct so far." Moreover, no major 
new policy strategies have been implemented, just as was assumed in the 
reference scenario. This means that the findings of our surveillance system 
still point to the reference scenario as the most likely development for the 
future, although at some specific points adaption seems necessary (e.g. 
injury risks in the area of home and leisure accidents). This means that in 
the near future, important further reductions in both the incidence of injuries 
and accident mortality in the Netherlands will probably not be achieved 
without intensifYing health policy in this area. This had already been 
concluded by the end of the 1980s.29)' 
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This result is directly related to the fourth, and probably most important, 
health policy advantage of the use of future health scenarios in injUly 
surveillance: it offers information on the feasibility of health policy goals. 
Subsequent to the "Health-for-all by the year 2000"-strategy of the WHO," 
the Dutch government formulated quantitative health policy goals in many 
disease areas." In the field of unintentional injuries, the aim of a 25%
reduction of accident mortality between 1985 and 2000 was formulated. 
Specific goals were formulated for separate types of accidents and for 
separate age categories." In order to assess the possibility of achieving 
those goals, injUly surveillance is necessary. At this point the use of future 
health scenarios makes a major contribution, clearly showing that the aims 
of the Dutch government will probably not be reached. This is a strong 
indication for the need to intensify injUly prevention policies and to 
implement major improvements in the Dutch system of trauma care. 

We conclude that the applied combined approach of using future health 
scenarios in addition to traditional trend monitoring seems to have added 
value, whereas it has become clear too, that injury control in the 
Netherlands needs new initiatives. 
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Summary of the main findings 

In this thesis the results are repOlied of quantitative analyses focusing on 
the societal burden of injuries in the Netherlands, its changes over time, and 
the major determinants of these changes and of the current size of the 
problem. These analyses were performed as part of a public health 
surveillance system initiated in 1985. This system has monitored 
epidemiologic developments both prospectively and retrospectively and has 
provided us with information dealing with a time-span of 50 years 
(1950-2000). This paragraph summarizes the main results of the separate 
studies. 

5.1.1 ASSESSMENT OF THE FREQUENCY AND SOCIETAL 
BURDEN OF INJURIES 

The first part of this thesis addressed the following question: 

- which trends can be observed in the frequency of injuries in the 
Netherlands since 1950, how can they be explained, and what is the 
current societal burden of injuries? 

We analyzed trends in the mortality, incidence and case fatality of 
unintentional injuries in the Netherlands since 1950 (see chapter 2.1). As 
reported in other studies,'" we found that this field is characterized by rapid 
changes. Between 1950 and 1970 accident mortality rose because of an 
increasing incidence of injuries. This was followed by a sharp mortality 
decline resulting from a decreasing incidence combined with a rapidly 
falling case fatality. 
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We found that since the second half of the 1980s, a third phase in the 
post-world war Il development emerged in the Netherlands: the decline in 
accident mortality has levelled off, mainly due to new rises in the incidence 
of injuries in several sectors. 

These dynamic trends are based on several factors. The population 
exposure to specific hazards is of primary importance. More or new types 
of exposure tend to increase the incidence of injuries, and therefore their 
burden on society. The development in amount or type of exposure over 
time is dependent on autonomous factors, of which economic growth seems 
the most important. Rapid economic growth leads to rising population 
exposure in relevant areas (e.g traffic mobility, employment). The analyses 
have shown, on the other hand, that societies are capable of compensating 
the unfavourable public health effects of exposure growth. In the 1970s and 
first half of the 1980s both autonomous adaptatation mechanisms (e.g. 
growing familiarity with motorized traffic) and policy adaptations 
(preventive measures and improvements of medical care) contributed to the 
spectacular decreases of the injury risk, injury severity and severity-adjusted 
case fatality. Since the second half of the 1980s, however, this 
compensation has proven insufficient in the Netherlands. Rises in the 
incidence of traffic injuries (passenger car occupants and motor cyclists), 
occupational injuries and home and leisure injuries (accidental fall) have 
recently been observed. 

Our study has made it clear that favourable trends in accident mortality 
can be accompanied by unfavourable trends in the incidence of injuries. 
Obviously, therefore, an assessment of the societal burden of injuries should 
include incidence figures, because systems restricted to mortality data could 
easily miss unfavourable public health developments. The analysis fUliher 
shows the necessity of new policy measures in injury prevention and trauma 
care, 

A potentially powerful instrument for priority setting in injury 
prevention and trauma care is an assessment of the costs of this public 
health problem (see chapter 2.2). We estimated the direct medical costs with 
the help of available data on health care utilization as a consequence of 
injuries. We calculated indirect costs with the help of two alternative 
approaches. We used the traditional human capital approach, which 
calculates all potential production losses of the victims from the time of 
injury until their mean age of retirement. In addition, we applied the friction 
cost method which was recently developed as an attempt to measure the 
actual production losses to society. 
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This method assumes that all workers can be replaced after a so-called 
"friction period", and in its calculations restricts the production losses to 
this period. 

It was shown that injuries are an important source of medical costs 
(almost 5% of the Dutch health care budget in 1988) and economic 
production losses (about 8 % of the indirect costs resulting from all 
diseases, independent of the method used). 

Almost two-thirds of the medical costs are the result of injuries among 
females. This reflects the high incidence of domestic accidents among the 
elderly, and females in particular. It points to the fact that accidental fall and 
(hip) fractures among the elderly are one of the most important epidemics 
of western societies today. Their importance is fmiher stressed by the 
findings of our long-term analysis, where accidental fall was identified as 
one of the subproblems with an increasing incidence. These findings are 
similar to the results of cost-of-injury studies of other industrialized 
countries.7. 10 

The economic production losses to society, or indirect costs, have other 
major contributors than the direct medical costs. More than 80% of the 
indirect costs are the result of injuries among males, arising mainly due to 
the high incidence of traffic injuries, occupational injuries and sports 
injuries among young males. Traffic injuries generate a very high level of 
potential production loss to society, because of their high case fatality and 
disability rate, even at younger ages. A huge number of productive Iife
years can subsequently be lost, as also reported in other studies. ll

-
14 

Occupational and sports injuries, on the other hand, yield the highest 
actual production losses to society. They are characterized by a very high 
incidence of injuries among the workforce leading to a huge number of 
productive days lost because of sickness absenteeism. 

By estimating the health care costs, the potential economic production 
losses, and the actual economic production losses resulting from injuries in 
the Netherlands the high burden of injuries to society has been confirmed 
and quantified. Moreover, several priority areas for further research and 
policy have become apparent (see chapter 2.2). 

A priority area that seems rather specific for the Netherlands is the 
problem of injuries to cyclists. The medical costs resulting from cycling 
injuries are twice as high as those resulting from injuries to passenger car 
occupants. This reflects the high incidence of cycling injuries, accounting 
for half of all traffic injuries in the Netherlands. 
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This is the effect of the frequent use of the bicycle, which is a clear 
example of the major influence of population exposure on the relative 
importance of specific injury subclasses. In addition, it shows that the 
protection of cyclists should be further improved. 

5.1.2 RESEARCH INTO DETERMINANTS OF INJURY 
MORTALITY 

The second pat1 of this thesis addressed the following question: 
- what are the determinants of injury mortality at the population level, and 

of traffic accident mortality in particular? 

We performed two studies focusing on the role of population exposure 
as an intermediate factor between socio-economic determinants and traffic 
accident mOt1ality. 

In an analysis of regional variation in traffic accidents within the 
Netherlands during the first half of the 1980s (see chapter 3.1) we found 
large regional mortality differences. These differences could be explained 
only to a limited extent by regional differences in exposure. 

Regional differences in the case fatality of injuries to motor vehicle 
occupants seem the major factor behind the observed mortality differences. 
On the other hand, in the case of cyclists some of the variation in m0l1ality 
seems to be caused by regional differences in the use of the bicycle. But 
even with regard to this mode oftranspot1, which accounts for 20% of all 
traffic deaths in the Netherlands, differences in case fatality are of more 
importance. 

In studying the underlying socio-economic determinants we found that 
the prosperity level of a region is a strong predictor of mortality, in the 
sense that a higher income level goes hand in hand with lower traffic 
accident motiality levels. This finding is similar to observations made in 
other industrialized countries. "." Our study, howevet; provided more detail 
on this relationship by studying separate modes of transport. We found that 
in the case of motor vehicle occupants, exposure does not act as major 
intermediate factor between prosperity and traffic accident mortality at the 
regional level. An important part of the influence of prosperity on motiality 
for cyclists, however, must be attributed to differences in bicycle use, as this 
is more frequent in the poorer regions of the country. 
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The study showed that, in particular in the case of motor vehicle 
occupants, variation in the case fatality is the major factor behind regional 
mortality differences, and not variation in exposure. 

This variation in case fatality can to a large extent be explained by 
variation in traffic density and the availability of advanced trauma care. 
Both variables show an inverse relationship to case fatality. A higher traffic 
density probably leads to a reduction in the mean injUly severity, whereas 
the availability of advanced trauma care could reduce the severity-adjusted 
case fatality. 

We also studied the role of exposure and socio-economic factors in 
relation to international variations in traffic accident mOl1ality within the 
industrialized world. We analyzed the relation between prosperity and 
traffic accident mOl1ality in a long-term perspective, looking at 
developments between 1962 and 1990 (see chapter 3.2). It was found that 
there is currently a negative association between the level of prosperity and 
the traffic accident mortality level of a country. This finding is compatible 
with the results of our cross-sectional analysis into regional mortality 
differences within the Netherlands. The current inverse relation was 
preceded by a positive association between prosperity and traffic accident 
mortality in an earlier phase of the epidemiologic transition. This reversal 
took place around 1975. The observed changes are based on non-linear 
longitudinal relationships. At lower prosperity levels, increasing wealth 
gives rise to rapidly growing numbers of motor vehicles in the population. 
This leads to increasing numbers of traffic deaths. However, mobility 
growth would appear to have a tendency to level off after reaching a certain 
level of prosperity. At that point, increasing prosperity starts to protect 
against traffic accident mortality. This is due to the phenomenon that - at all 
prosperity levels - increasing wealth is accompanied by declines in the fatal 
injury rates. This is probably the result of adaptations that arc stimulated by 
growing prosperity, such as improvement of the traffic infrastrncture and the 
medical care for injury victims. It is likely that, at the regional level within 
the Netherlands, similar longitudinal developments have taken place as 
well. This could explain our finding of a minor role of traffic mobility in 
relation to regional m0l1ality differences among motor vehicle occupants. 

Our analyses have shown that the concept of traffic accidents as a 
"disease of affluence" is too simple. This concept has already been 
questioned by the results of previous studies."·20 But although too simple, 
the concept cannot be fully rejected. Increasing wealth gives rise to more 
traffic deaths up to a certain level of prosperity. And worldwide, only a 
limited number of countries has already succeeded in reaching this level. 
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These conclusions underline that the role of economic factors in relation 
to traffic accident mOliality is rather complex. In the short term economic 
growth appears to have a detrimental effect on the burden of traffic injuries 
because of rising exposure. In the long term, however, it seems to facilitate 
adaptations leading to a reduction of the damage to public health. 

It must, however, be borne in mind that these adaptations are not always 
successful. Several countries were identified which had (very) high 
prosperity levels, yet in which fatal injury rates showed an adverse 
development. 

5.1.3 FORECASTING AND MONITORING OF INJURIES 

In the final part of this thesis we addressed the following question: 
- what is the value of expert based quantitative future health scenarios for 

forecasting and monitoring of injuries? 

In the second half of the 1980s we made projections of the burden of 
injuries in the Netherlands between 1985 and 2000. We developed an 
approach for calculating the public health impact of different future health 
scenarios, both with and without government intervention. 

A major determinant included in the scenarios was the growth of the 
national economy. 

Information on possible future developments with respect to separate 
variables (exposure, injury risk, injury severity, and severity-adjusted case 
fatality) was obtained with the help of a Delphi study (see chapter 4.1). A 
survey was conducted of possible future developments by means of written 
questionnaires to eighty Dutch experis, divided among four panels on traffic 
safety, occupational safety, home and leisure safety, and medical care for 
injury victims. 

The main results of this Delphi study were as follows. A majority of 
experts expressed as the 'most likely' development for the period 1985-
2000 a combination of modest economic growth, no significant changes in 
risk behaviour, a slight ageing of the population, and absence of major new 
policy measures from the government. Under these circumstances, the 
experts anticipated a mixture of favourable and unfavourable developments. 
They anticipated a number of rising types of exposure and expressed that 
without vigorous new efforts in injUly prevention, many reductions in injUly 
risk would level off. But they were rather optimistic about developments in 
injUly severity and severity-adjusted case fatality. 
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The results of the Delphi study were used as input for scenario 
calculations. These were made with the help of a computer model 
developed by our department. In this way the combined effects of the 
separate trends in the aforementioned variables could be calculated (see 
chapter 4.2). The combination of developments referred to as 'most likely' 
according to a majority of the Delphi experts was elaborated as the 
'reference scenario'. Calculation of the combined effects of the expected 
trends under the conditions of this scenario led to the following conclusion: 
without major new policy measures, accident mortality (which had fallen 
tremendously between 1970 and 1985) would remain more or less at the 
level of 1985. This result was different from the predictions of models 
based on historical data alone, which computed substantial further mOliality 
declines, both in the Netherlandsll

." and abroad.D-l' 
The quantitative results of the future health scenarios were reported to 

policy makers in 1988 and subsequently used as a framework for 
continuous monitoring of unintentional injuries in the Netherlands. Trends 
in the epidemiology of injuries since 1985 were compared with observations 
from a previous period (1970-1985) and with the future health scenarios 
(1985-2000) developed. This revealed actual transitions towards the less 
favourable developments foreseen by the Delphi experts, and moreover 
contributed to the early identification of interruptions in the actual injmy 
mortality trends in the Netherlands (see chapter 4.3). 

This ability to monitor actual trends in the epidemiology of injlll'ies for 
more than ten years amply demonstrated the added value of quantitative 
future health scenarios based on expert opinion. Olll' new tool offers a well
defined conceptual framework for continuous monitoring and facilitates the 
early detection of trend interruptions or reversals. Moreover, it provides 
valuable information on possible futlll'e developments and on the feasibility 
of health policy goals. 
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possibilities and limitations of 

data and methods 

The studies repOlied in this thesis have produced results which are 
important from both a scientific and a health policy perspective. For an 
adequate interpretation of these results a review is necessary. We introduced 
some innovations, of which the possible added value will be discussed. On 
the other hand, the fact that our analyses were performed within the frame 
work of a public health surveillance system collecting routinely available 
data from several sources, must also be taken into account. Therefore we 
will briefly discuss the major limitations of the data and methods of the 
separate studies. We will focus on those issues that could have affected our 
main findings, as summarized in chapter 5.1. 

5.2.1 ASSESSMENT OF THE FREQUENCY AND SOCIETAL 
BURDEN OF INJURIES 

Tl'end analysis 

Our long-term analysis of trends in accident mortality revealed several 
data limitations (see chapter 2.1). The main problems are related to the data 
on non-fatal injuries. The incidence of injuries is underrepOlied in all 
accident sectors and the available incidence figures are poorly comparable 
between these sectors on account of differences in registration procedures 
and criteria. Another limitation is the almost complete lack of information 
on injury severity available from most data sources. There are still no 
national registries which include information on the Abbreviated lnjmy 
Scale (AIS), which is the international standard in severity scoring". 
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The acquisition and/or improvement of data on the incidence and 
severity of injuries would certainly lead to a better assessment of the 
societal burden of this important public health problem. These are major 
challenges in injury surveillance which will be further dealt with in chapter 
S.4.!. 

In spite of these data limitations we were able to analyze long-term 
trends in the epidemiology of injuries in the Netherlands in some detail, 
using the central conceptual framework of this thesis. A major advantage of 
this approach is its potential to gain indications on the contribution of 
autonomous factors, preventive measures and improvements of trauma care 
on mortality reductions, by distinguishing empirically the role of exposure, 
injury risk, injury severity and severity-adjusted case fatality (see chapter 
2.1). 

The question remains, however, whether the existing data limitations 
may have influenced the main findings of our trend analysis. There are at 
least two major points in which registration bias cannnot be excluded: the 
rising incidence of several classes of injuries seen during the latest period 
examined, and the rapidly declining severity-adjusted case fatality of traffic 
injuries since 1970. 

A key finding is the rising incidence of injuries found during the latest 
period reviewed (injuries to passenger cal' occupants and motorcyclists, 
occupational injuries, accidental fall among the elderly). Could this 
development (in part) be due to recent improvements in reporting? 

The assertion that the incidence of injuries is on the rise is supported by 
a number of findings. Population surveys on injuries taken in 1986/l987 
and 1992/l993 also identified rising incidence figures during this period, in 
particular for traffic injuries and for home and leisure injuries among the 
elderly." The latter mentioned subclass is also characterized by rising 
figures in two independent data sources: the National Medical Regist,y and 
the National Home and Leisure Injury Surveillance System.' Moreover, the 
rising incidence figures relating to injuries to passenger cal' occupants, 
motor cyclists, and workers in construction and the service sector were 
accompanied by (rapidly) rising exposure figures. All these observations 
combined make registration bias unlikely. 

The severity-adjusted case fatality is an important measure to establish 
the contribution of improved medical care to mortality reductions. Our 
analysis showed that after adjustment for changes in injury severity, the 
case fatality of traffic injuries had nonetheless declined since 1970. 
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This supports the argument that medical care has contributed to this 
favourable development. It must be considered ,however, that a rather crude 
adjustment procedure was used. No information on the Abbreviated Injmy 
Scale (AIS) was available. A conversion of lCD-codes to AIS-codes"·29 
could also not be performed because this would have needed more refined 
information, in pal1icular on hospital data from the 1970s. The crude 
adjustment procedure could have led to an overestimation of the reduction 
in severity-adjusted case fatality. This means that the evidence on the 
contribution of medical care to the observed decline in traffic accident 
mortality since 1970 -while plausible- is not very strong. This shows the 
need for refined information on injury severity in continuous surveillance 
systems. 

Cost assessment 

We performed an assessment of medical costs and economic production 
losses due to injuries in the Netherlands which identified additional data 
limitations (see chapter 2.2). In spite of these a detailed study could be 
made, including the first comprehensive application of the friction cost 
method" in the field of injury control. The added value of this irlllovation is 
manifested by its ability to shed light on the impact of the soc ailed "minor" 
injuries. Injuries with low chances of hospital admission or death (from this 
perspective they are regarded as "minor") may have high rates of sickness 
absenteeism, and may therefore result in high economic production losses. 
Our study showed the high economic impact of occupational injuries and 
sports injuries (see chapter 2.2), which seems only limited if the traditional 
human capital approach is used. Methods to assess the impact of "minor" 
injuries are urgently required, because of the very high frequency of those 
events.21 

Our cost assessment produced results that might be valuable for priority 
setting in injury prevention and control. In interpreting these results the 
question to be answered is whether the main findings could be affected by 
registration bias. The study produced estimates of the costs of injuries in 
comparison to the costs of other diseases, as well as estimates for a number 
of broad subclasses of injuries. Could our comparisons be biased by 
differences in registration or reporting by type of disease and/or accident? 

In assessing the direct medical costs this is not very likely. The main 
data came from hospital statistics (which have an almost 100% coverage 
rate in the Netherlands and a similar inclusion criterion for all diseases and 
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accident sectors) and a large population survey (which included 25.000 
households in the Netherlands and used a similar inclusion criterion for all 
accident sectors). 

In assessing the indirect costs one must consider whether the level of 
reporting of sickness absenteeism could be higher for occupational injuries 
than for other subclasses. This is probably the case in countries with social 
security systems where workers' compensation is dependent on the cause of 
the disease or the injury. In the Netherlands, however, the social security 
system does not make a difference between "professional risks" (e.g 
occupational injuries) and "social risks" (e.g. sports injuries). The workers' 
compensation is the same for all diseases and injuries. Therefore differential 
registration and rep011ing is not very likely in the Netherlands. 

Although registration bias has probably not affected the cost 
comparisons we made, the results must nevertheless be interpreted with 
care, 

As a general limitation, one must consider that cost assessment still 
knows no standard methodology. Different choices can be made on the 
inclusion of cost elements and the applied methods, which may strongly 
influence the estimates that are produced. This was illustrated once again by 
the results of our study (see chapter 2.2). Therefore, in reporting cost 
estimates to health policy makers the underlying choices should be 
explained very clearly. And policy makers using cost information should be 
informed about the basic methodology of cost assesment. 

In addition, in reviewing our study it must be taken into account that it 
was based on data from 1988 or even previous years. This means that the 
results do not reflect the current situation in the Netherlands. We therefore 
assessed whether the main findings of our study would be different if more 
recent data were used. This was done by comparing our findings with the 
results from a comprehensive study on the costs of diseases and injuries in 
the Netherlands in 1994, which used a similar approach as our analysis." 
This comparison was restricted to the direct medical costs, as no indirect 
costs were presented in the more recent study. 

This comparison indicated that the main findings of our study have 
maintained their applicability. According to the more recent study, injuries 
are an important source of medical costs as well. It was confirmed that 
almost two-thirds of these costs result from accidents among females, which 
is related to the high use of health care due to domestic injuries among 
elderly women, and accidental fall in particular. Surprisingly, the more 
recent study also made clear that -contrary to our expectations- the share of 
injuries in the health care budget has fallen somewhat (from 4.7% in 1988 
to 4.1% in 1994). 
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We expected the share of injuries to have expanded in view of the 
absolute increases in the incidence of domestic injuries among the elderly. 
Although this development has actually taken place,' an even more rapid 
increase in the use of health care was seen in relation to some other major 
diseases, including dementia, stroke and heart failure. 

This once again demonstrates that developments in the incidence (and 
related health care use) of diseases and injuries are highly dynamic. Within 
periods of 5-1 0 years the share of a certain disease or injury subclass in the 
total amount of health care costs can change substantially. For priority 
setting purposes therefore the regular monitoring of costs is advisable. In 
fact, cost assessment should preferrably be embedded in continuous 
surveillance activities. This is a challenge for the future which will be 
further discussed in chapter 5.4.1. 

Another necessity is the application of novel methods to assess the 
societal burden of injuries. An important step forward would be the 
calculation of "disability adjusted life years" (DALYs)" resulting from 
injuries and its subclasses in the Netherlands. Within the framework of this 
thesis this step has not yet been made. It will need the acquisition of 
empirical data on disabilities and handicaps resulting from injuries. This 
topic will be fUliher dealt with in chapter 5.4.2. 

5.2.2 RESEARCH INTO DETERMINANTS OF INJURY 
MORTALITY 

Regional differences in traffic accident mortality within the 
Netherlands 

We were able to perform a detailed analysis of regional differences in 
traffic accident mortality within the Netherlands (see chapter 3.1). 
Compared with similar research in other countries!"" our focus on separate 
modes of transport has been a major innovation. This focus was made 
possible by the availability of regional data on the popUlation exposure and 
on the incidence of traffic injuries by mode of transport, in addition to 
mortality figures. In particular, the regional data set on passenger kilometres 
by mode of transport (derived from mobility surveys among more than 
50.000 persons) was relatively unique. Our focus on separate modes of 
transport enabled us to demonstrate that regional differences in traffic 
accident mOliality have somewhat different patterns and underlying 
determinants for motor vehicle occupants and for cyclists respectively (see 
chapter 3.1). 
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This shows the importance of data specified by mode of transport. It 
must be kept in mind, however, that our study revealed several data 
limitations. These included, first of all, the mortality figures by mode of 
transport from the cause-of-death statistics. As in other countries," a large 
proportion (47%) of traffic deaths is unspecified by mode of transport in 
this data source in the Netherlands. Did this lead to bias in regional patterns 
of mortality due to specific modes of transport because of regional 
differences in registration practice? 

This is not very likely for a number of reasons. We found a high 
correspondence of the regional m0l1ality figures of motor vehicle occupants 
on the one hand, and of unspecified modes of transport on the other. In fact, 
the "unspecified" categOlY showed the same regional mortality pattern as 
motor vehicle occupants. When we compared mortality figures from the 
cause-of-death statistics with traffic deaths recorded by the police, the vast 
majority of victims within the "unspecified" category were shown to be 
motor vehicle occupants. No indications on regional differences in 
classification error were provided for motor vehicle occupants. And our 
specific findings on cyclists were probably not affected by classification 
error at all. We found a high correspondence between the cause-of-death 
statistics and the police registration on the numbers of deaths due to cycling 
injuries, at both the national and the regional level. 

Another possible data limitation in our geographical analysis concerns 
the available figures on the incidence of traffic injuries by mode of 
transport. There could be lower reporting levels (restricted to injuries of 
higher severity) in the poorer and more rural parts of the country. This may 
have led to an underestimation of the incidence figures and to an 
overestimation of the case fatality figures in these regions. Regional 
variation in case fatality has been a main finding of our study. We found 
lower case fatality rates in regions having more advanced medical care. 
This could, however, in part be based on artificially lower injury severity 
levels in those regions. In view of the fact that no subsequent adjustment for 
injury severity could be made, our results on the role of medical care in 
reducing the regional level of traffic accident m0l1ality should be 
interpreted with care. 

This shows that, as in other ecological studies," registration artefacts 
cannot be competely excluded. And what other possible sources of bias 
could have affected our main results? In explaining regional variation in 
m011ality, the influence of health-related "selection" must always be 
considered. 
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For example, an inverse relation between the prosperity of a region and 
the mortality due to ischemic heart disease could be based on migration of 
healthier individuals into the more prosperous regions. It is not very likely 
that a similar mechanism would operate in the case of traffic accidents, 
which highly affect young and healthy individuals. Another general source 
of bias in ecological studies concerns the existence of "time lags" between 
exposure and effect. This kind of bias can also be excluded in our study. 
This does not, however, apply to the problem of "omitted variables". For 
example, we were not able to include characteristics of road behaviour and 
road vehicles in our study, which means that the observed influences of 
infrastructural variables and medical care must be interpreted with care (see 
chapter 3.1). 

Despite the aforementioned limitations, ecological analysis appeared to 
be an an adequate design to identify determinants of injury mortality. 
Traffic accidents are a "disease" with many determinants operating at the 
"ecological level". 

With respect to these determinants there is no bias based on the 
"ecological fallacy", which states that aggregate level relationships are not 
necessarily identical to individual level relationships." Our study focused on 
aggregate level determinants, in particular in the specific analysis studying 
the influence of infrastructural characteristics and medical care. It must be 
realized that our analysis on the influence of socio-demographic variables 
must be interpreted in "aggregate" terms as well. Our finding that the most 
prosperous regions have the lowest levels of traffic accident mortality may 
not lead to the conclusion that these variables are also inversely related at 
the individual level. The prosperity level of a region may exert its influence 
through determinants at the aggregate level (e.g infrastructure) which 
benefit all individuals of the population independent of their income. The 
study of individual level determinants needs other designs. This will be 
further addressed in chapter 5.4.2. 

Economic development and traffic accident mortality in the 
industl'ialized wol'ld, 1962-1990 

We examined the relation between prosperity and traffic accident 
mOltality and its underlying parameters (i.e traffic mobility and fatal injury 
rate) in a long-term perspective, using data from several decades. 

Focusing on longitudinal developments has been a major strength of our 
analysis. 
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Cross-sectional studies into the association between prosperity and 
traffic accident mortality had been showing varying results, dependent on 
the countries or regions included in the analyses. ll·" 

We found that this was due to a non-linear longitudinal relation between 
prosperity and traffic accident mortality. The availability of data on motor 
vehicle ownership in industrialized countries since the early 1960s enabled 
us to establish the underlying developments in exposure and fatal injury 
rate. We found that at a certain level of prosperity the growth rate of motor 
vehicle ownership levels off, whereas the fatal injury rate continues to 
decline at a similar rate as in an earlier phase of economic development. 

Our results are plausible in the light of observations with respect to other 
public health problems, and cardiovascular diseases in particular."'" They 
are plausible in the light of general long-term developments in public 
health. Increasing wealth leads to the introduction and large scale use of 
new forms of exposure (e.g. tobacco, motor vehicles), but simultaneously 
facilitates adaptations. 

It should be kept in mind that our analysis of international variations 
was subject to various limitations. 

A possible weakness of the analysis of longitudinal relationships 
concerns the exposure data that were used. In order to obtain an (almost) 
complete set of expOSlll'e data from 21 countries since the early 1960s, we 
had to use figures on motor vehicle ownership. Therefore, it cannot be ruled 
out that one of our key findings -mobility growth levelling off after 
reaching a certain level of prosperity- may be based on a registration 
aliefact. This could be the case if a lower growth rate of motor vehicle 
ownership was compensated by a faster growth rate of the number of 
passenger kilometres per motor vehicle. In the Netherlands, however, we 
found no evidence of such a development. Since the 1970s the growth rate 
of passenger kilometres in the population has levelled off as well.'" A 
similar development has also been found in several other industrialized 
cOllntries.41 

Our study of cross-sectional associations at different points of time is 
limited because of the low number of countries included. The current 
inverse association between prosperity and traffic accident mOliality is 
largely based on the unfavourable position of a few countries in Southern 
Europe, which are the poorest of the industrialized world. The majority of 
countries included in our analysis has reached a more or less equal level of 
prosperity. These countries still exhibit a large degree of variation in traffic 
accident mortality, which indicates the importance of other determinants 
than prosperity. 
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On the other hand, a study of cross-sectional associations in a larger 
sample (expanded by II middle-income countries from Eastern Europe and 
Latin America) produced results similar to those reported in this thesis." 
This strengthens our findings, which are further supported by a number of 
additional analyses into the relation between prosperity and mortality due to 
nontraffic accidents (one study restricted to the industrialized world, and 
one study expanded by middle-income countries). These additional analyses 
did not show any significant association between prosperity and mortality." 

Another limitation concerns the fact that we could not establish the 
factors intermediating (or confounding) the observed inverse relation 
between prosperity and the fatal injury rate. This would have required 
additional data (e.g.on the incidence and severity of traffic injuries, on 
socio-cultural factors, on the traffic infrastl'llcture, on the medical care for 
injllly victims). It was therefore not possible to perform an analysis similar 
to our study into regional mortality differences within the Netherlands (see 
chapter 3.1). Such a detailed study into determinants of international 
variation in traffic accident mortality (including high-income and middle
income countries) could provide information on the possible adaptations 
facilitated by prosperity. Our study is not very specific at this point. 

5.2.3 FORECASTING AND MONITORING OF INJURIES 

Delphi study 

Our new tool for the forecasting and monitoring of injuries included the 
results of a traditional approach to collect expert opinion: the Delphi 
method. We performed a Delphi study among 80 Dutch expelis (see chapter 
4.1). The Delphi method is not beyond criticism. There has always been an 
intensive debate on the methodology. Major publications from the 1970s 
have either scrutinized the nature of the approach, ".H while others have 
defended the method, arguing that the criticism only makes sense where it 
concerns the poor conduction of Delphi projects." A major publication of 
more recent date views the Delphi method -if fairly conducted- as a 
valuable tool for informed decision making in social policy and public 
health." Major general problems in performing Delphi studies concern the 
selection of panel members, the sample size, the design of the procedure 
and the stl'llcture of the questionnaires." Our solutions to these problems 
have been described in chapter 4.1. 
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Our Delphi study was performed in 1986 at a time when the 
epidemiology of injuries had been developing in favourable direction for 
about 15 years. As we were able to monitor the subsequent actual 
developments we could assess the validity of the results obtained. This 
paragraph examines whether or not our Delphi study produced expectations 
which approximated actual trends. And if not, whether this could be due to 
limitations imposed by the conduction of our study. . 

In general, the Delphi panels anticipated somewhat less favourable 
trends than in the past. Developments along these lines did indeed emerge 
later (see chapter 4.1). But how realistic were the specific detailed 
estimates of the Delphi panels? 

Table 5.2.1 shows expected epidemiological developments compared 
with actual observed trends for traffic, occupational and home and leisure 
injuries. Information on parameters is provided only where data on actual 
trends are available. 

frallle 5.2.1 

Comparison of Delphi estimates (1985-2000) with actual observations (1985-1994) 

Exposure Injury risk 

Reference Observed Reference Observed 

Traffic 

- passenger car + +/0 0/-

- moped 0/- -/-- +/0 +/0 

- bicycle +/0 0 0/- 0/-

- pedestrian 0 0 0/-

- other traffic 0 ++/+ 0/- 0/-

Occupation 

- manufacturing OJ-l) +/0 0/- 0/-

- construction 01-1) +/0 0/- 0/-

- service sector +/01) ++/+ 0 0/-

Home and leisure 

- DIY-activities + 0 + --/-

- sports +/0 0 +/0 

I) Estimates ofCcntrai Planning Bureau 
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A general overview gives the impression that the panel on traffic safety 
has produced results that resemble actual developments. This is particularly 
true for the expectations regarding the injury risks. The anticipated exposure 
developments deviate more strongly from the actual trends. The expelis, for 
example, did not foresee the spectacular rise in exposure in the subcategory 
'other traffic', which reflects the fastly growing popularity of the motor 
cycle since the second half of the 1980s. Another interesting example is 
related to the growth of passenger car traffic. Experts did obviously 
overestimate the annual growth rate of the number of passenger car 
kilometres in the population (also see figure 4.3.2). They probably did not 
take into account that the association between prosperity growth and 
mobility increase has become weaker since the second half of the 1970s 
(see the results of our analysis of chapter 3.2). 

The panel on occupational safety expressed expectations on the 
development of the injury risks that are close to actual observations, 
although they were too pessimistic about trends in the service sector. This 
panel was not required to forecast exposure developments because estimates 
of the Dutch Central Planning Bureau were already available. ' 

The expelis on home and leisure safety produced expectations that did 
not coincide with actual observations at all. They were too pessimistic about 
both exposure developments and trends in injury risks with respect to DIY
activities and spOlis. 

In the light of the above, the impressions concerning the accuracy of the 
detailed findings from the Delphi study present a mixed picture. In 
principle, semi-quantitative information of acceptable quality can be 
generated by experts, as illustrated by the results on injury risks in the 
traffic and occupational sector. 

The outcome in the area of home and leisure injuries might indicate that 
this pali of the Delphi study was less well conducted than the other parts. 
This could be. a result of the size and the composition of the panel. 

Due to the heterogeneous nature of this field the panel (17 repondents) 
in fact consisted of small subsamples of accident-specific experts (e.g. 
domestic accidents, sports accidents, poisoning). For specific safety issues, 
the number of experts was probably too small to produce valid results. The 
field of sports injuries, for example, would have deserved its own panel. 
Home and leisure safety is probably too heterogeneous to be served by one 
panel of 15-20 experts. Adequate panel selection therefore probably ranks 
as one of the most important decisions to be made by Delphi researchers. 
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If this condition is met and a well-constructed questionnaire is used, 
policy makers can be provided with "informed judgements" on possible 
future developments in the field of injuries. 

The question then remains whether this information could be obtained in 
other ways. For specific issues the answer is probably "yes". Anticipating 
on exposure developments in traffic, for example, could be based on 
quantitative analyses of historical data. 

Nevertheless, the Delphi study produced some information of particular 
value. With the exception of the field of home and leisure safety, the Delphi 
experts have foreseen slower rates of decline of the injury risks than in the 
period 1970-1985. This was not a simple extrapolation of observations from 
previous years. The period immediately preceding our Delphi study (i.e the 
end of the 70s and beginning of the 80s) was characterized by economic 
stagnation. During this period many injury risks in traffic and at work fell 
sharply. When the Delphi questionnaires were filled out (second half of 
1986) the most recent epidemiological information reflected the favourable 
developments of those years. What knowledge then did bring the experts to 
express somewhat less optimistic views for the future? 

The most likely general explanation is that they have reasoned that an 
important part of the decline in injury risks between 1970 and 1985 had to 
be attributed to public health policy. Our method explicitly asked them to 
express their anticipations in the absence of new policy initiatives. 

This shows that the Delphi method is probably of particular help in 
generating information of the 'what if' type. It enabled us to calculate the 
expected burden of injuries under the assumption that no major new policy 
measures would be implemented. 

Future health scenarios 

The results of the Delphi study were incorporated into a new 
quantitative approach (see chapter 4.2). By including Delphi expectations 
on many separate variables in one comprehensive computer model the 'net 
effects' on the burden of injuries in the population could be calculated. By 
applying the scenario method a wide range of possible trends in the 
epidemiology of injuries, with and without government intervention, could 
be presented to policy makers. 

The quantitave estimates of the epidemiology of injuries in different 
scenarios are derived from the expectations of the Delphi panels on 
separate variables. Therefore the quality of the estimates primarily depends 
on the quality of the Delphi results. 
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This indicates that the calculations on home and leisure injuries could be 
greatly improved. Separate panels on spOlis injuries and domestic injuries 
respectively should be able to produce more accurate estimates. 

Empirical knowledge on developments in these areas over the last 15 
years would celiainly lead to better estimates than acquired in our study. 
The calculations on traffic iI~uries could be improved as well. Table 5.2.1 
showed that in the field of traffic safety the validity of the estimates on 
exposure was lower than that of the estimates on injury risks. This means 
that the incorporation of exposure estimates from traffic mobility models 
based on the most recent scientific knowledge (such as the results of our 
analyses into the relation between prosperity grow1h and mobility) would 
probably lead to a further improvement of the scenario calculations. 
Moreover, new estimates of employment developments broken down 
according to branch of industry could improve the estimates in the field of 
occupational safety. The relevant occupational exposure estimates used in 
the scenario calculations were far too low. These were not derived from the 
Delphi study but were taken from publications of the Dutch Central 
Planning Bureau. Since the scenario study, however, the dynamics of the 
labour market in the Netherlands have changed, leading to a much higher 
employment grow1h rate than in the past. 

We conclude that the scenario calculations could be improved in a 
number of ways. A first step would be to improve the compositions of the 
panels. Secondly, the use of estimates from exposure models, based on the 
the most recent scientific information, would be helpful. Exposure is a key 
variable behind developments in the societal burden of injuries. The 
availability of valid exposure models therefore merits attention. 

The above shows that the Delphi method has produced indications of 
future developments that, at a general level, resemble actual trends. At a 
more detailed level, however, many differences with actual trends could be 
observed. Hence, the results obtained with our scenario calculations should 
not be interpreted as "predictions". It should moreover be borne in mind 
that they were never presented as such. The results present the broad effects 
of possible 'what if' scenarios. They are useful for supplying answers to 
general policy questions. How will the burden of injuries develop without 
new major investments in injury prevention or trauma care? What would 
happen if the economy grew very rapidly? Will we need extra efforts to 
reach a further substantial reduction in the number of injury victims? 

Our study is an example of exploratory future research: scanning the 
future with the help of a causal theoretical model, but not using formal 
historical data in the calculations." 
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We have explored possible future developments with the help of the 
central conceptual framework of this thesis (see chapter I). And we have 
used an extensive set of detailed Delphi estimates in our calculations of the 
future burden of injuries. 

Other scenario projects in the field of health care in the Netherlands have 
used somewhat different approaches. A scenario study on cardiovascular 
diseases used a simulation model for the in-depth analysis of historical data, 
which were subsequently extrapolated into the future." The projects on 
cancer,'" mental health'l and chronic diseases" included a Delphi study of 
which, however, only a small number of predictions were incorporated in the 
quantitative scenario calculations. Developments in the burden of those 
diseases are predominantly influenced by demographic changes. The ageing 
of the population is the major determinant of increases in public health 
damage. Nevertheless, for specific diseases larger quantitative increases were 
calculated than accounted for by a growing number of elderly people. This 
regards, for example, the calculations on diabetes mellitus, which included 
an increasing age-specific incidence as a model parameter." This specific 
assumption was derived from a Delphi study. The use of an extensive set of 
detailed Delphi estimates to make calculations on the future public health 
impact of one comprehensive "disease", however, is characteristic for our 
study. 

Monitol'ing and sUl'veillance 

Another characteristic of our study regards the following. The results of 
our scenario calculations were subsequently used as a framework in injury 
surveillance (see chapter 4.3). Surveillance is one of the major activities in 
public health." A main element of all public health surveilllance systems is 
the detection of changes in disease frequency, which might be described as 
trend monitoring." Surveillance systems aim to detect trend interruptions or 
trend reversals as early as possible. This refers in particular to the early 
identification of unfavourable developments. To this end, several statistical 
approaches have been developed in the field of infectious diseases." 

These techniques have in common that they try to calculate a reference 
value, based on historical observations and distribution assumptions, which 
can be compared with observed values of case counts or rates. This 
comparison is made in order to assess whether there is an excessive number 
of cases in a ce11ain period or not. If so, this should signal an alarm to health 
policy makers. Our approach included producing a reference value for 
comparison with observed values of case counts or rates: the results of the 
'most likely', or 'reference' scenario. 
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Present status of the policy measures proposed in the scenario report (1988) 

Proposed measure Govemment has Implementation of 

expressed intention measure aJready 

to implement measure under way 

Traffic 

• implementation of road safety education policy plan + 
• implementation of road user observability policy plan 

· further separation/categorization of road-users 

- black spot elimination/further involvement of local government + + 
• reducing speed limits in built-up areas 

• encouraging introduction of safety-promoting technology 

• alcohol legislation aimed at limited distribution and consumption + 
Occupational 

- compulsory annual occupational safety plan + + 
- compulsory industrial safety units + + 
- extension of Health and Safety at Work Act to entire 

working population + + 
- extension of capacity + powers of factory inspectorate 

- introduction of Safety Decree for residual groups + + 
- Works Council safety powers 

- 5MB safety advisory/infomlation bureau + + 
· requirement to report breakdowns and near-accidents 

- compulsory risk analyses + + 
- statutory regulation of risk liability ." 

Ci 
Home and leisure It 
- national safety education policy plan '" ", 0;' 
- primary-school safely education + ~ 

" - safety standards for products commonly involved in accidents 
... 

+ §' 
- statutory regulation of product recall S' 
- statutory regulation of product liability + + 6' 

'" - expansion of responsibilities + capacity of <.Q., 
Food Inspection Department + + ~ 

S 
- safety hallmark/certification + + ~ 

" ... 
- improvement of product information + + ;l 

- legal requirement for childproof drug packaging + s.. 
~ 

- inclusion of overdose toxicity as criteria for drug registration ~ 

- adaplion of sporting regulations to safety requirements 193 
· improved instmction on prevention of sports injuries + + 
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" ITlllllc 5.2.2 - (ilolllillucd 
, '" 
Present status of the policy measures proposed in the scenario report (1988) 

Proposed measure Government has I mplemcntation of 

expressed intention measure already 

to implement measure under way 

Medical care 

- national emergency number 

- trauma-trained nurse in each ambulance 

- treatment protocols for ambulance staff 

+ 
+ 
+ 

- com:entralion of traumatology facilities within hospitals + 

- trauma coordinator in hospitrus + 

- regionalization of trauma care + 

- one rehabilitation physician per 500 beds 

+ 

+ 
+ 

We emphasize that this reference value is not based on statistical 
procedures, but on expert opinions on the most likely developments. An 
advantage of this procedure is that the reference value is not the mere result 
of a mathematical exercise, but that it is based on broadly accepted ideas on 
developments in its underlying factors. A disadvantage is that the method 
depends highly on available expertise on detailed topics. Our results on 
home and leisure safety illustrate that this kind of expertise is probably not 
always included in a Delphi panel. 

The use of a reference scenario in trend monitoring aims to facilitate the 
early detection of trend interruptions. This is an impOltant added value for 
health policy making. Although we have gained indications that our 
approach indeed works as an 'early warning system', there are still some 
limitations at this point. Apalt from raising 'true positive signs', the method 
is capable of producing 'false alarms'. In addition, the early detection of 
unfavourable developments is only facilitated where they were already 
expected by experts. Moreover, the method depends strongly on high 
quality surveillance data without too many major changes in registration 
procedures and criteria. This means that the method must be applied with 
great care. If this condition is met, the method can serve as a valuable new 
health policy instrument, as we concluded from our evaluation over a period 
of about ten years (see chapter 4.3). 
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But did our approach have any effect on health policy so far? This is an 
important but difficult question. 

Table 5.2.2 shows that the Delphi study generated many ideas on policy 
interventions which were proposed to the government in 1988." The table 
also indicates whether the government has, in the meantime, expressed its 
intention to implement the measure, and whether or not implementation of a 
measure is already under way. 

Clearly, the government did express its intention to introduce a large 
number of the proposed measures. But the number of measures actually 
introduced remains limited. In the area of road safety the influence of our 
system has been very small. Its impact on the field of occupational safety 
appears greater, yet most of the proposed measures in this area were 
already under way when we started our project. In the field of home and 
leisure safety, some measures have been implemented. This may have been 
stimulated by the scenario project. The same applies to the field of trauma 
care. Long existing ideas from professional organizations are gradually 
being implemented. The scenario project has repeatedly offered SUppOlt for 
improvement of trauma care'2>7-60 as recently decided to by the goverrullent." 

This decision is primarily due to the efforts of professional 
organizations. Yet the scenario calculations may have provided relevant 
background information for planning and decision making. 





Injuries and the epidemiologic 

transition theory 

The epidemiologic transition theory, as first formulated by Omran in 
1971," provides a description and explanation of changing patterns of 
mortality in populations. The original theory assumes a uniform decline of 
infectious diseases since the nineteenth century combined with a uniform 
increase of non-infectious diseases and injuries. Growing prosperity is often 
seen as the major factor behind these broad changes," that would develop 
according to the following three phases: the "age of pestilence and famine", 
the "age of receding pandemics", and the "age of degenerative and man
made diseases"." Based on recent developments the possible existence of a 
fourth stage, the "age of delayed degenerative diseases", has been added to 
the literature." 

It has been shown, however, that the conventional interpretation of the 
epidemiologic transition needs modification. Detailed analyses of specific 
causes of death have clearly illustrated the great diversity within the broad 
alterations often indicated as "the decline of infectious diseases" and "the 
rise of degenerative and man-made diseases"." Moreover, since 1970 the 
mortality of non-infectious diseases and injuries has declined in many 
industrialized countries. And in explaining changes in specific causes of 
death other factors than prosperity have shown their importance, including 
cultural determinants, preventive measures and improvements of medical 
care.67 

The explanation of changing mortality patterns needs more detailed 
analyses than originally made within the framework of the epidemiologic 
transition theory. The studies reported in this thesis offer such detailed 
information on long-term developments in the heterogeneous field of 
injuries. They are thus able to shed some light on our knowledge of injuries 
as a component of the epidemiologic transition, a subject which has so far 
not been studied extensively. 
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In this paragraph our findings are placed in an historical perspective. We 
describe changes in injury mortality and its major subclasses in the 
Netherlands since the end of the nineteenth century (5.3.1). Subsequently, 
we seek explanations for those changes (5.3.2) and address the need of 
forecasting possible future developments (5.3.3). 

5.3.1 DESCRIBING HISTORICAL DEVELOPMENTS IN THE 
FillLD OF INJURillS 

Figure 5.3.1 demonstrates that since the beginning of this century a 
cause of death-pattern with a high contribution of infectious diseases (with 
high mortality) has been replaced by a pattern dominated by non-infectious 
diseases (with lower mortality). The Netherlands is an example of an 
industrialized country where the epidemiologic transition has been 
completed. But what happened to injury mortality during this development? 
It appears that injury mortality as a whole did not rise since the beginning 
of this century, with the exception of a short period between 1950 and 1970. 
From our analysis of chapter 2.1 we know that this reflects the peak of the 
epidemic in accident mortality observed in the Netherlands after world war 
II. On the whole, however, injury mortality has been rather stable. 

Figul'g 5.3.1 

Trends in mortality due to infectious diseases, non-infectious diseases and injuries in the 

Netherlands since 1901 
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This means that no uniform increase of injuries occurred at all during 
the epidemiologic transition. As already suggested, a more detailed 
description of historical developments in this heterogeneous field is 
necessary. 

Table 5.3.1 shows that, although injury mortality has generally been 
rather stable, the relative proportions of several subclasses of injuries have 
changed enormously over time. 

At the beginning of this century accidental drowning was the most 
important specific cause of death among all external causes, where 
nowadays it has almost disappeared. Accidental drowning has shown a 
spectacular decline during the epidemiologic transition. Previous studies 
indicate that in the nineteenth century accidental drowning was responsible 
for over 50% of the mortality from injuries in the Netherlands, amounting 
to 25 deaths per 100.000 person-years." This latter figure is on par with the 
figure for traffic accident mortality at its peak level around 1970 (see table 
5.3.1). 

Accidental drowning has so far been neglected as a rapidly declining 
cause of death during the epidemiologic transition. As so many infectious 
diseases have, it has almost disappeared as a cause of death in the 
Netherlands. 

'n.bl. 5.3.1 

Mortality due to injuries and its major subclasses in the Netherlands, 1910-1995 (crude 

mortality rates per 100.000 person-years) 

All external Traffic Accidental Accidental Olher Suicide Homicide 

causes accidents fall drowning nontraffic accidents 

................ 
1910 42.6 2.5 3.4 14.4 15.9 6.1 0.3 

30 37.5 7.5 5.0 7.9 8.7 8.1 0.3 

50 35.9 11.8 6.4 5.1 6.7 5.5 0.4 

70 58.2 25.6 17.0 2.3 4.7 8.1 0.5 

85 38.4 10.5 10.2 0.8 3.6 12.4 0.9 

95 35.0 8.7 10.2 0.7 4.1 10.2 1.1 

Source: Central Bureau of Statistics 
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Another subclass showing a decline during the epidemiologic transition 
is that of other non traffic accidents. This is a heterogeneous category with 
occupational accidents as one of the components. From historical 
publications it can be inferred that occupational accident mortality has been 
largely reduced in the Netherlands since the nineteenth century." Another 
main component is the subclass of accidents caused by fires and flames. 
Historical data from England and Wales have shown that accidental burns, 
being a major external cause of death during the nineteenth century,70 
sharply declined between 1848 (14 deaths per 100.000 person-years) and 
1947 (2 deaths per 100.000 person-years)." A similar development may 
have taken place in the Netherlands as well. 

Table 5.3.1 shows that different subclasses have replaced accidental 
drowning and "other nontraffic accidents" as major external causes of 
death. 

Traffic accidents are known in the literature as a main exponent of the 
"age of degenerative and man-made diseases"." This is confirmed by our 
results. Mortality from traffic accidents has risen sharply during this 
century, especially up to 1970. Accidents of this kind were the most 
important external cause of death from the 1950s until the early 1980s. 

But are traffic accidents the only exponent of the "degenerative and 
man-made diseases" or can we identify other injury subclasses as such as 
well? 

Table 5.3.1 shows that mortality due to accidental fall has followed a 
pattern almost identical to that of traffic accident mortality over the last 
century. Mortality due to accidental fall has also sharply risen until 1970. 

In the years from the beginnning of this century until 1970, traffic 
accidents and accidental fall replaced accidental drowning and "other non
traffic accidents" as major external causes of death, while ischemic heart 
disease and cancer took over from infectious diseases as main source of 
mortality in the population. When Om ran formulated his original theory, a 
specific transition had already taken place within the injury field. 

What happened in this field after 1970? As was the case for ischemic 
heart disease,71 traffic accident mortality and mortality due to accidental fall 
showed a spectacular decline at the end of the epidemiologic transition. 
This decline, however, has recently levelled off for both external causes of 
death, and accidental fall in particular. This is based on the fact that the 
incidence of traffic injuries has more or less stabilized at the level of 1985, 
whereas the incidence of accidental fall has risen (see chapter 2). Therefore, 
since the second half of the 1980s accidental fall has contributed more 
strongly to injury mortality than traffic accidents. 



5·3 

Currently, accidental fall is the most important external cause of death, 
accounting for almost one-third of injury mortality. 

Table 5.3.1 makes it clear that accidental fall shares this position with 
suicide. And this brings us to a final striking development in the field of 
injuries: during the past century intentional injuries, including suicide and 
homicide, have grown in importance. Especially since 1970, the share of 
intentional injuries (which are really "man-made") has risen. Since that time 
the number of deaths from all types of accident has declined, while deaths 
from intentional injuries have continued to rise until at least the middle of 
the 1980s . Fortunately, the growing number of deaths from suicide has 
recently shown signs of levelling off. Homicide, however, is still on the 
increase. 

These trends render suicide currently a more important cause of death 
than traffic accidents. And homicide causes more victims than accidental 
drowning, which happened to be the major external cause of death at the 
beginning of this century. 

5.3.2 EXPLAINING HISTORICAL DEVELOPMENTS IN THE 
FIELD OF INJURIES 

In the previous paragraph we described dynamic developments in the 
field of injuries during the epidemiologic transition. Although injury 
mortality as a whole has been rather stable, with the exception of an 
"epidemic" between 1950 and 1970, there have been major shifts between 
subclasses. 

Accidental drowning and other nontraffic accidents showed a decline 
during the epidemiologic transition, resembling that of infectious diseases. 
Traffic accidents and accidental fall are characterized by rising numbers of 
deaths until 1970, followed by a trend reversal afterwards similar to that 
seen for ischemic heart disease. Finally, mOltality due to intentional injuries 
was shown to have grown in importance, in particular since 1970. 

This paragraph will seek an explanation for the major "transitions" that 
we observed. We found rises and declines in specific causes of death during 
different periods of time. Rising mortality figures could be due to the 
emergence and growth of new types of exposure during a specific period of 
economic and socio-cultural development in the Netherlands. Declines 
could be the result of adaptation mechanisms during a subsequent phase. 
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In this paragraph we will discuss the possible role of economic and 
socio-cultural determinants and of adaptation mechanisms (including 
preventive public health measures and improvements of medical care) in 
relation to the dynamic developments in injury mortality since the 
nineteenth century. Where similarities with other major diseases were 
found, the possibility of common determinants will be reviewed. 

Transition 1: trends since the nineteenth century nntil1970 

The sharp decline in accidental drowning and other Ilontraffic 
accidents 

At the beginning of this century the mortality due to drowning and other 
nontraffic accidents was much higher than nowadays. Probably, accidental 
drowning was previously an important external cause of death in the 
Netherlands." In the nineteenth century its level was equal to that of traffic 
accident mortality at its peak, around 1970. A high exposure to open water 
seems the prominent background factor. It is likely that, similar to a 
description from London 1831-1883, "Victims fell into the water from 
boats, bridges, the river banks, and even from houses along the shore".70 But 
mortality due to drowning sharply declined, as did the trend in infectious 
diseases. Which general factors could have contributed to this development 
and were they similar to the major determinants of the decline in infectious 
disease mortality? 

Rising living standards are considered to be a major factor behind the 
decline in infectious disease mortality."·67.".,, They have a direct effect 
through material conditions, such as better nutrition and improved housing 
conditions. They achieve indirect influence by stimulating cultural 
modernization, including a higher education attainment of women and 
lower fertility rates. And they allow the implementation of preventive 
public health measures and of new medical technologies. 

Compared with infectious diseases, similar direct effects due to rising 
living standards (better nutrition and improved housing) did not affect the 
trends in accidental drowning. On the other hand, indirect effects of 
growing prosperity have probably been more important. Cultural 
modernization, as stimulated by rising living standards and vice versa, has 
probably been a major determinant. Accidental drowning is a cause of death 
which to a large degree affects children. The declining fertility rates since 
the beginning of this century have led to smaller family sizes and improved 
parental supervision," which is one of the important factors in protecting 
children from drowning." 
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In addition, growing urbanization seems important,76 as drowning rates 
are much higher in rural than in urban areas."'" Important preventive public 
health measures were taken as well. First, the activities of the Foundation 
for the Rescue of Drowning Persons (initiated in 1767) and the Royal Union 
for the Rescue of Drowning Persons (founded in 1917) are worthy of 
mention in this respect. These organizations have saved the lives of near
drowning persons. But one of the most important "adaptations", that 
certainly helped to reduce accidental drowning to its present level, is an 
enormous increase in swimming abilities in the population over the last 
century. This is reflected in current figures on swimming abilities by age in 
the Dutch population. These figures show that 99% of all twelve year old 
children can swim. This percentage shrinks, in particular above the age of 
35 years, to only 30% among persons older than 80 years.so The 
introduction of swimmming education at primary schools" played an 
important role in stimulating swimming skills. 

Rising living standards probably had effects on other nontraffic 
accidents too, and on accidents caused by fire and flames in particular. 
Improved housing conditions, including a better quality of building 
materials and less crowding, probably helped to reduce the number of 
victims of accidental burns. And the implementation of preventive public 
health measures has probably been important as well. Around the turn of 
the century, the "building act" was introduced in the Netherlands to regulate 
housing conditions."Preventive public health measures have also helped to 
reduce the burden of occupational injuries. During the industrial revolution 
new hazards to society were introduced. In 1868, William Farr, one of the 
founders of modern epidemiology, stated: "still mechanical force, steam and 
chemical agency are undoubtedly new elements of danger to mankind"." 
Adaptation to these new dangers came from legislative efforts, that started 
more than a century ago. First, measures were taken to reduce the numbers 
of hours at work of children (1874) and adults (1889), followed by the 
"Factory Safety Act" (190\) that regulated working conditions. In addition 
to these public health measures, the modernization of labour has been 
important. An important element of this change concerns the shift from 
high-risk work in agriculture and manufacturing towards low-risk work in 
the service sector that took place during this century."'" 

It may be concluded from the above that the disappearance of 
accidental drowning and other nontraffic accidents as major external causes 
of death can probably be explained by similar general factors as the decline 
in infectious diseases: growing prosperity, cultural modernization, and the 
implementation of preventive public health measures. 
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But what about the influence of improvements of medical care? During 
the first half of this century the safety of anaesthesia increased, surgical 
techniques improved, and blood transfusions were introduced.'1 This 
indicates that medical care could have contributed to the observed mortality 
reductions during this period. 

This contribution, however, has probably not been large. The major 
external causes of death, such as drowning and accidental burns, can have 
benefited only to a limited extent from the new medical technologies during 
the first half of this century. 

The rising mortality due to traffic accidents alld accidelltal fall 
At the beginnning of this century, traffic accident mortality was low (see 

table 5.3.1). A new hazard to society was then introduced: the motor 
vehicle. Historical data show that in EnglandlWales the first deaths due to 
this new hazard were registered in 1896." In the Netherlands, the victims of 
motor vehicle exposure can be identified from 1910 onwards, with sharply 
increasing rates until 1970." This rise is certainly related to economic 
development. The rising living standards of the Dutch population allowed a 
steep increase in the use of motor vehicles. In particular, the "mass 
motorization" of the Dutch population between 1950 and 1970 made many 
victims. This mass motorization was induced by a period unmatched in 
terms of economic growth during this century. 

From 1910 until 1970, growing prosperity led to an increasing incidence 
and mortality of traffic injuries, intermediated by exposure growth (see 
chapter 2 and 3). This is similar to the development in ischemic heart 
disease. Until 1970, mortality from ischemic heart disease sharply rose 
under the influence of growing prosperity. This was probably intermediated 
by an increased exposure to some of the major risk factors in this area, such 
as unhealthy nutritional habits and tobacco smoking." 

A similar observation could also be made with respect to accidental fall. 
This was a small external cause of death at the beginning of this century, 
which also increased rapidly in importance up to the year 1970. Was this 
development also induced by growing prosperity? 

It must be recognized that the vast majority of deaths due to accidental 
fall concerns fractures of the lower extremity." This reflects the problem of 
hip fractures among the elderly. The literature reveals that in many 
industrialized countries, including the Netherlands, a secular trend in the 
incidence of hip fractures is met. 



5·3 

During this century the number of hip fractures in western populations 
has risen sharply, even after adjusting for the ageing of these populations.",-91 
A major determinant of this increase is the growing prevalence of 
osteoporosis, which leads to higher fracture risks in case of an accidental 
fall."'" The growing prevalence of osteoporosis is probably related to a 
reduction in physical activity, which was -at least partly- induced by the 
increased use of motor vehicles referred to above. Moreover, changes in 
nutritional habits and increased smoking are determinants of osteoporosis as 
wei I."'" This means that growing prosperity could have influenced 
mortality from accidental falll, in part intermediated by similar determinants 
to those found for traffic accidents and ischemic heart disease. 

Transition 2: trends since 1970 

The declining mortality due to traffic accidents and accidental fall 
Around 1970, mortality due to traffic accidents started to decline, closely 

following the trend reversal for ischemic heart disease. Did the decline in 
both public health problems have similar general determinants? 

Let us first summarize some major findings with regard to ischemic 
heart disease. There is a consensus of opinion on the fact that a reduced 
incidence has greatly contributed to the declining mortality in this area. This 
is often ascribed to the combined effect of several "adaptations" to the 
epidemic of cardiovascular diseases, including preventive public health 
measures (e.g. health promotion activities aiming at better nutrition and 
reduced smoking) and improvements in medical care (e.g. earlier diagnosis 
and treatment of hypertension)."" It has long been debated whether a 
reduction of the case fatality (caused by improvements of medical care) has 
also contributed to this decline." Recent findings, however, demonstrate the 
importance of a declining case fatality.37.39 

Apart from preventi ve public health measures and improved medical 
care, autonomous trends in the prevalence of risk factors have probably 
been important too, although their mechanisms have not yet been clarified. 
A striking observation concerns the reversal which was seen around 1970, 
in which ischemic heart disease mortality went from being a "manager's 
disease" to a "disease of the common people"." This suggests that rising 
living standards, which previously had induced increases in the mortality 
due to ischemic heart disease, had finally become protective. 

The decline in mortality due to traffic accidents seems to be the result of 
"adaptation mechanisms" similar to those responsible for the decline in 
ischemic heart disease. 
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After 1970, the incidence of traffic accidents was greatly reduced as 
well. Preventive public health measures have certainly contributed to this 
development (e.g. infrastructural improvements, seat belt laws, helmet laws, 
speed limits, alcohol legislation and safety promotion campaigns). The 
effects of these measures, however, must not be overestimated (see chapter 
2 and 3). 

We found a major influence of autonomous factors on the reduced 
incidence of traffic injuries: the increasing use of passenger cars levelled 
off, whereas the use of mopeds declined enormously after 1970. 

Similar to ischemic heart disease, the case fatality of traffic injuries has 
also been reduced. To some extent, the same determinants as those 
responsible for the declining incidence are involved. For example, helmet 
laws and the declining popUlarity of mopeds have led to a more than 
proportionate reduction of intracranial injuries. This has led to a lower mean 
injury severity. On the other hand, we found indications that improved 
medical care has contributed to a reduced case fatality (see chapter 2 and 3). 

As was the case for ischemic heart disease, we found that in the end 
rising living standards become protective against traffic accidents. It seems 
as if in later phases of the epidemiologic transition, prosperity reaches a 
level whe .. e the balance between negative effects (mobility gl'Owth) and 
positive effects (adaptations, including preventive public health measures 
and improvements of medical care) weighs in favour of the latter. 

Strikingly, as was the case for ischemic heart disease and traffic 
accidents, mortality from accidental fall has also shrunk since 1970. Were 
common determinants (such as for the rises we found befo .. e 1970) 
accountable? 

This, however, is not very likely. Contrary to the incidence of ischemic 
heart disease and traffic accidents, the incidence of accidental fall (and 
resulting hip fractures) has continued to rise since 1970 (see chapter 2). 
P .. eventive public health measures aiming at a reduction of the incidence of 
ischemic heart disease (more healthy nutrition and less smoking) have not 
yet affected the incidence of hip fractures. And autonomous developments 
that helped to reduce the incidence of traffic accidents (mobility growth 
leveling off) have, as yet, failed to have an effect too. One explanation is 
the following. Contrary to ischemic hea .. t disease and traffic accidents, 
which are dominated by males, the vast majo .. ity of hip fractures is 
sustained by women. It must be noticed that women knew rather 
unfavourable developments in common determinants (e.g increased 
smoking) in the most recent period. 
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It should be recognized that accidental fall is in fact still characterized 
by an increasing amount of public health damage resulting in enormous 
societal costs. The mortality reduction since 1970 gives the appearance of a 
declining number of victims. Yet, contrary to ischemic heart disease and 
traffic accidents, this mortality reduction is completely due to a reduction in 
the case fatality. In the case of accidental fall the "adaptation" is restricted 
to improved medical care (see chapter 2). 

In spite of fewer deceased persons, we are dealing with a growing public 
health problem. 

The rising ill/portance of intentional injuries 
This thesis has focused on accidental injuries. In reviewing historical 

developments, however, some attention must be devoted to intentional 
injuries. At the beginning of this century, intentional injuries accounted for 
about 15% of all deaths due to external causes, most of them being suicides. 
This situation still existed around 1970. Since then, however, their 
importance has sharply risen. Currently, almost one third of injury mortality 
is the result of an intentional event, for the most part suicides, although the 
share of homicide is climbing. 

Are these developments alarming? From an historical perspective there 
would appear to be little reason for alarm. Suicide levels have fluctuated 
throughout history."'" At present they are somewhat higher than at the 
beginning of this century, but this could in part be explained by a greater 
openness around suicide leading to a more complete registration of this 
phenomenon. 

The growing share of suicides as a cause of death, on the other hand, 
should make them a public health priority. The human pain and sufferings 
of relatives and friends of suicide victims is extensive. The prevention of 
suicide'oo needs more attention, as already been recognized at the beginning 
of this century.'" 

Homicide is still a minor external cause of death, despite a steady rise 
since the beginnning of this century. According to historical analyses, 
homicide and assault reached far higher levels in western societies in the 
past, as for example from the seventeenth to the nineteenth century.''' In the 
Netherlands, examples from nineteenth century cultures may be cited where 
armed violence is viewed as an acceptable conduct.''' In the past, the 
tolerance of individual violent behaviour was probably much higher than in 
contemporary society. An important theory offers the following explanation 
for this phenomenon. 
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During the process of civilization violence became the monopoly of the 
government. Increasing mutual dependency between citizens could have led 
to a more effective internalized and external control of aggressive 
impulses, lOt 

Nevertheless, the rising share of intentional events in injury mortality in 
the Netherlands causes concern. The rapid increase in homicide and assault 
since the early 1970s is a reversal in a historical trend towards less violent 
behaviour in civilized societies. 

Since that time not only has the number of homicides increased sharply, 
but the incidence of hospital admissions l

" and emergency department 
visits lOO due to interpersonal violence grew as well. Moreover, there are 
signs of recent increases in injury severity caused by the more frequent use 
of weapons,107 

Currently, about 200 people are killed each year in the Netherlands. This 
is the tip of the iceberg of an unacceptable and increasing public health 
problem. Can we identify determinants of this increase? 

There are many theories about the major causes of interpersonal 
violence. JOg Major determinants could be structural (e.g. poverty and lack of 
opportunities), cultural (e.g. the media glorification of violence, and the 
disruption of social support mechanisms) or interactionist (e.g. the use of 
alcohol and drugs and the possession of weapons). It is unlikely that any of 
these factors alone could be held responsible for the observed increase in 
interpersonal violence. Moreover, it is unlikely that there has been a general 
increase in all those factors in the population. However, our contemporary 
society could be characterized by a growing number of people, where 
combinations of the aforementioned structural, cultural and interactionist 
factors are concentrated. We must certainly consider the possibility that 
subcultures have arisen in our society, for whom the threshold for violent 
behaviour is low, as it was in the general population during earlier phases of 
the epidemiologic transition. 

5.3.3 FORECASTING FUTURE DEVELOPMENTS IN THE 
FIELD OF INJURIES 

Historical developments in the field of injuries have shown the dynamic 
nature of this area. The field consists of a collection of highly divergent 
subclasses of injuries. All these subclasses strike their own balance between 
favourable and unfavourable factors, and are characterized by continuous 
changes in these balances. 
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The main lessons from the past seem as follows. Specific injury 
subclasses grow in importance during a specific phase of economic and 
socio-cultural development. During this phase, new hazards to mankind are 
introduced, followed by an increasing exposure of the whole population. 

Subsequently, adaptations are made to the new hazards. These 
adaptations include preventive public health measures and new medical 
technologies. Forecasting future developments and early detection of 
unfavourable trends should help to accelerate the adaptations. In addition to 
anticipating on trends in longer existing injury risks (see chapter 4), 
possible new hazards for the future should be identified. 

One example of such a new hazard concerns air traffic. We could be at 
the beginning of a new era: the era of "globalizing". This new economic 
and socio-cultural development rapidly stimulates the expansion of air 
traffic. Although air traffic is considered one of the safest modes of 
transport, we have already been confronted with aeroplane crashes with 
Dutch casualties: Tenerife (1977), Faro (1992), Amsterdam (1992), 
Eindhoven (1996), Den Helder (1996). Air traffic could further increase in 
the future. Hence, a new transition within the field of traffic accidents 
cannot be exluded. This illustrates the need for adaptations, including safety 
regulations and an adequate organization of "disaster medicine" embedded 
in regular trauma care. 

Another example concerns the growing amount of leisure time in our 
society, which could be accompanied by increases in high-risk recreational 
activities. And if so, a growing incidence of injuries could be the result. 

This stresses the need for continuous injury surveillance systems. 
Humans seem to be born with a passion for new challenges that call for new 
adaptations. Forecasting future developments and early detection of 
unfavourable trends, should help to accelerate these adaptations. This may 
lead to the prevention of unnecessary public health damage. The instrument 
we developed and evaluated may prove useful to this process. 
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challenges for the future 

The analyses reported in this thesis have offered a body of scientific and 
policy information. 

The material shows that, although the amount of public health damage 
due to injuries has been reduced in the past, much work remains to be done. 
The dynamic nature of the field forces health policy makers continuously to 
(re)define priority areas, in which effective policy measures must be 
implemented. Injury surveillance and research have to provide continuous 
support for new initiatives in prevention and trauma care. Injuries are a 
continuous challenge for public health. This concluding paragraph will 
discuss the major issues for the near future. 

5.4.1 MAJOR CHALLENGES IN INJURY SURVEILLANCE 

Surveillance is one of the primary activities of public health." In the 
field of injUly control it has been recognized as a major tool supporting 
priority setting in prevention."" We performed several analyses within the 
framework of public health surveillance. We applied methods for trend 
analysis, cost assessment, geographical analysis and forecasting and 
monitoring. We were able to evaluate these methods, and in particular the 
forecasting and monitoring techniques that we developed. This yielded the 
conclusion that, in spite of some general and specific limitations, the 
applied methods may promote an (early) identification of priority areas in 
public health policy (see chapter 5.2). 

It should not be forgotten, however, that all our applications were highly 
dependent on the availability and quality of routinely collected data from 
several sources. The limitations of the analyses reported are therefore 
mostly concerned with (possible) registration problems. 
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This means that improving the registration of injuries and their 
consequences is one of the main challenges for the future. In particular the 
following must be recommended in order to solve the major registration 
problems identified (see chapter 5.2): 

- improving the registration of the incidence of injuries; 
- registration of injury severity. 

Improving the registration of the incidence of injuries 

In comparison to other public health problems (e.g. cardiovascular 
diseases) the field of injuries is supplied by many data sources. 

The availability of information on the incidence of injuries, next to 
mortality figures, is extremely important. 

A major problem, however, stems from the lack of uniformity between 
the methods of registration of the incidence of traffic, occupational, and 
home and leisure injuries respectively. This obstructs a straightforward 
comparison of the size of several subproblems and their developments over 
time. This problem had already been identified during the first years of our 
surveillance activities." Subsequent initiatives were taken towards 
establishing a national intersectoral reporting system for injury victims. This 
resulted in the Dutch Injury Surveillance System (LIS), launched on 
January I, 1997. It is a uniform surveillance system of sixteen hospitals, 
sampling almost 15% of the injUly victims treated at Accident & 
Emergency (A&E)-Departments in the Netheriands.'10 It includes traffic 
injuries, occupational injuries, home and leisure injuries and intentional 
injuries. For the first time, all subclasses are registered according to similar 
criteria in a sample that aims to be representative at the national level. 
Although the system does not provide information on the incidence of 
injuries in the population at large, it constitutes a major improvement in 
injury surveillance. 

Nevertheless, further work on standardization remains necessary. The 
vast majority of hospitals in the Netherlands still uses other classifications 
and registration procedures to record A&E-patients than the Dutch Injury 
Surveillance System. Moreover, there are important patient categories not 
fully covered by the system, such as patients treated by the general 
practitioner and patients seen by ambulance attendants. In addition, refined 
medical information on hospitalized patients, as needed for the evaluation 
of trauma care, is not (yet) included. 
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Therefore, several recording systems on injury patients are operational 
or being implemented in the Netherlands, both at the national (e.g the 
national trauma registry of the Dutch Society of Traumatology) and the 
local level (e.g the trauma registries of the university hospitals and other 
hospitals with extensive trauma facilities). 

A challenge for the future is to achieve a situation of compatibility 
between the major surveillance systems. This will present some difficulty, 
as the primary aims of the existing systems differ (e.g health care 
management, assessment of quality of care, setting priorities in prevention). 
A national committee, installed by the government, has recently defined the 
basic information needed for the assessment of the quality of care. III The 
inclusion of this basic information in all injury surveillance systems in the 
Netherlands would be a great improvement. 

Moreover, the development of standard classifications is of primary 
importance. For this reason a National Committee on Standardization of 
Injury Recording was established. An important example of the work of this 
committee is the development of a Dutch Injury Classification. 1I3 This 
classification is derived from the ICD-lO. It will include several levels of 
detail, adapted to the setting where it will be used (e.g. population survey, 
emergency department, general hospital, trauma centre). A major challenge 
for the future involves the large scale implementation of this classification 
in injUly surveillance in the Netherlands. This would certainly further 
improve the assessment of the burden of injuries. 

Injury severity 

Injury severity is a major parameter in the central conceptual framework 
of this thesis. In addition to figures on the incidence of injuries, data on 
injury severity are very important for purposes of priority setting in 
prevention. II. Moreover, for the evaluation of trauma care it is highly 
necessary to record injury severity, being one of the major factors affecting 
outcome. III So far, adequate data on injury severity have been scarce in the 
national registries in the Netherlands. Some of the analyses of this thesis 
have identified this as a major limitation. We found indications that 
improvements of trauma care have contributed to reduced case fatality rates 
by period (chapter 2.1) 01' region (chapter 3.1). These findings, however, 
must be interpreted with care because a (refined) adjustment for injury 
severity could not be made. 

It is therefore vital to ensure that the national registries are supplemented 
with refined information on injury severity. 213 
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It should be emphasized that two different criteria can be used for 
assessing injury severity: the threat to life on the one hand and the expected 
functional outcome on the other. Severity scaling with threat to life as the 
criterion has long been practiced. The international standard systems 
(Abbreviated InjUly Scale/AIS and Injury Severity ScorelISS) were 
developed in the I 970S"6

.'" and further refined subsequently.lI8·m They are 
frequently used in trauma registries all over the world and have already 
been shown to be fair predictors of the case fatality rates of hospitalized 
patients in the Netherlands. ]23·124 Their inclusion in surveillance systems is 
basic to the evaluation of trauma care.12l Using these injury scales is, 
however, time-consuming, which limits their practicality. And the 
assignment of severity scores is unduly subjective and may be accompanied 
by wide observer variation. I" 

Recently attempts have been made to develop simplified techniques for 
injury severity grading based upon the International Classification of 
DiseaseslICD.127 With the help of large hospital data bases using this 
classification, "expected case fatality rates" have been calculated for each 
separate lCD-code. Studies comparing lCD-derived severity scores (ICISS) 
with AIS-derived severity scores (ISS) have concluded that the first is at 
least as good as a predictor of survival in injured patients as the latter.'"·''' 

In addition, it is important that a conversion programme is available in 
which each lCD-code has been assigned a separate AIS-code."·" The 
validity of this programme has already been tested in the Netherlands 
among 1135 trauma patients treated at Gl'Oningen University Hospital. On 
the basis of this study it was concluded that the programme is a highly 
usable and valid method for the large-scale recording of severity scores. IJO 

Recently a new version of the programme was introduced.13I 
From the above it may be concluded that registration of injury severity 

can be based on either the AIS or the lCD-classification. If only lCD-codes 
are available two methods to assess injury severity can be applied. Either 
large hospital data sources can be used to calculate "expected case fatality 
rates" and ICISS scores for each separate lCD-code, or lCD-codes can 
afterwards be converted into AISIISS scores. 

A complication, however, is that lCD-coding as a basis for severity 
scoring has not yet been tested for its latest revision: ICD-IO. In the coming 
years this will probably be the standard for the registration of morbidity in 
the Netherlands, as it already is in the registration of mortality. The 
aforesaid Dutch Injury Classification is also based on the ICD-IO. A 
challenge for the future is the development, application and evaluation of 
large scale severity scoring based on the ICD-IO. 
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This includes the development of conversions between ICD-l 0 and AIS. 
In addition, further work on severity scales that predict functional 

outcome is necessary. 
There is international consensus that AIS and ISS are poor predictors of 

both temporary and permanent disabilities and handicaps."··m·I3JSeveral 
efforts have therefore been made to develop tools to assess injUly severity 
from the perspective of functional outcome. Important initiatives are the 
development of the Injury Impairment Scale l " and the Functional Capacity 
Index,lJl 

These instruments map AIS-descriptions into scores that reflect expected 
post-injury levels of function. The scores are based on judgements of 
groups of (clinical) experts. The extensive field testing of these 'new 
measures is recommended. This includes testing among "low energy" 
injuries, because the application of the measures has so far more or less 
been restricted to patient groupings with "high energy" accidents (e.g motor 
vehicle crashes). This thesis illustrates the high societal impact of "low 
energy" injuries (e.g. spolis injuries, occupational injuries, hip fractures 
among the elderly). The standard severity scales (AIS and ISS) have too 
little discriminative power where these injuries, in particular, are concerned. 

In addition to testing of instruments which are already available, other 
methods should be explored. The challenge is to develop ICD- or AIS
derived "expected functional outcomes" based on large empirical studies. It 
would appear wOlihwhile to develop separate measures for temporary and 
permanent disabilities, because many injuries finally lead to complete 
recovelY after incapacitating the victim and his family for some time. This 
requires empirical research which will be further dealt with in chapter 5.4.2. 

New directions in injury surveillauce 

The aforementioned improvements of the registrations should be 
accompanied by new directions. This thesis has shown the value of trend 
analysis, cost assessment and forecasting and monitoring for public health 
policy. 

It is recommended that the analyses in this thesis be performed on a 
more regular basis, using the most recent injury surveillance data. So far we 
have focused on developing and evaluating methods for public health 
monitoring. These methods have produced results which frequently do not 
describe the most recent situation in the Netherlands. In fact, a more 
frequent application of the methods is needed to fulfill one of the most 
important purposes of public health surveillance: the "timely dissemination 
of information to those who need to know".lJS 
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Our methods should be embedded in the framework of existing 
surveillance systems. This would enable, for example, the continuous 
monitoring of costs, as has already been initiated."6 This is an impOliant 
step forward, because continuous information on the incidence of injuries 
will be supplemented by continuous information on the costs of injuries. 
Likewise, our new tool for forecasting and monitoring of injuries should be 
embedded in continuous monitoring activities. The development of future 
health scenarios for the period 2000-2015, based on data of the Dutch 
Injury Surveillance System and a new Delphi study, could provide a good 
framework for trend analyses. This could support the early identification of 
new priority areas in injury control. 

5.4.2 MAJOR CHALLENGES IN INJURY RESEARCH 

In order to reduce the future public health damage caused by injuries, 
epidemiological research in this area should be stimulated. There are still 
many gaps in the available scientific information. In the Netherlands, much 
work has already been done on the assessment of the burden of injuries, 
including the analyses reported in this thesis. Nevertheless, to support 
priority setting new ways must be explored. This thesis has shown, for 
example, that empirical findings on disabilities and handicaps as a result of 
injuries are hardly available. 

New ways are also needed to make adequate choices on specific 
preventive measures and improvements in trauma care. Subgroups exposed 
to particular risks, both at the individual and the population level, should 
continuously be identified. In the Netherlands, the research into 
determinants of injuries at the individual level has so far been limited. The 
same applies to the research on the effectiveness and efficacy of injury 
prevention and trauma care. 

This paragraph will discuss challenges in injury research, focusing on 
the information gaps that we mentioned. 

Disabilities and bandicaps 

An important issue relates to the development and application of 
methods for the measurement of the "quality of life" of injury victims. 
Internationally, most work has so far focused on the long-term 
consequences of "high energy accidents", resulting in major trauma. \37.141 
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These were recently the subject of study in the Netherlands as well.142
•
14l 

More information on the long-term consequences of less severe injuries is 
also urgently required. In the Netherlands, for example, it was recently 
found that the differences in functional outcome between patients with 
ankle fractures and patients with major trauma are much smaller than 
generally assumed. l46 Moreover, at the population level at least two-thirds 
of the disabilities and handicaps resulting from injuries are probably caused 
by injuries that did not even need hospitalization. 141

.1
49 

This means that studies are needed on the functional outcome of both 
"high energy" and "low energy" injuries. In addition to the long-term 
consequences, temporary disabilities should be studied as well. 

Generic health status measures (e.g. the Nottingham Health Profile, the 
EuroQuol and the Short Form-36) as developed in quality-of-life-researchllO 

should be tested in distinct injury patient populations. Some interesting 
studies have already reported an acceptable performance of these 
instruments, in particular in relation to the more severe injuries.HI.I" 

Important in this very heterogeneous field is to specilY the feasibility, 
reliability and validity of generic health status measures for different patient 
groupings by age (e.g. children, adults and the elderly), type of injury, and 
level of injury severity. In addition, specific measures for injury patients 
should be developed, because the combination of generic and disease
specific measures yields the best results in health status measurement. l

,. 

The measurement of temporaty and permanent functional losses in 
distinct patient groupings is sorely needed in injury research. This could be 
followed by another important step. When adequate data on the incidence 
and prevalence of disabilities by type of injury are available the calculations 
of the "human costs" can be improved. So far, the most comprehensive 
effOlt in this area was the assessment of the global burden of disease and 
injUly.I" This assessment, however, relied strongly on expert opinions on 
disability rates by type of injury, because of the almost complete lack of 
empirical data in this field. The measurement of functional losses due to 
injuries could therefore further improve the calculation of "disability
adjusted life-years"."·I" Important information could thus be gained, on the 
burden of injuries as a result of disabilities, in addition to figures on the 
incidence, mortality and economic costs as repOlted in this thesis. 
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Determinants of injnries at the individnallevel 

This thesis has examined the burden of injuries and its major 
determinants at the population level. It has confirmed that factors exerting 
an effect at the aggregate level may not be ignored in injury research. The 
prosperity level of a population, for example, influences the level of traffic 
accident mortality. And regional characteristics, such as the road 
infrastructure and the availability of advanced medical care, are major 
determinants of traffic accident mortality levels as well. This means that 
research into determinants of injuries at the population level should 
certainly be continued. 

Obviously, however, research at the individual level is also vital. In 
order to develop effective prevention strategies, individuals with higher than 
average injury risks should be identified, and the underlying reasons should 
be clarified. The epidemiologic research into determinants of injuries at the 
individual level has so far been limited in the Netherlands. Standard 
methods of observational research, such as the case-control design and the 
coholt-study, have hardly been used. Nevertheless, these are important 
instruments for effective injury control.l>' Moreover, the application of new 
methods to study acute causes of diseases and injuries, such as the case
crossover design, seems promising. \57·159 

An area meriting priority is the investigation of socio-economic 
differences in the incidence, severity and consequences of injuries. This 
research should focus on determinants that can be influenced by 
interventions. We found and analyzed socio-economic differences in injury 
mortality at the population level. In the Netherlands, hardly any attention 
has so far been paid to socio-economic differences in injuries at the 
individual level. A large survey among 25.000 households has shown the 
lower socio-economic groups to be disadvantaged where self-reported 
traffic, occupational and domestic injuries are concerned, but not for sports 
injuries." Internationally, there are numerous indications that the lower 
socio-economic classes have higher injury rates than more wealthy groups, 
in particular among children.I"'.I" But explanatory research in this area has 
been limited. The description and explanation of socio-economic health 
differences is one of the major issues in public health epidemiology today. 
In the Netherlands, a national programme on this issue has revealed large 
differences in morbidity. I" The lower socio-economic groups are highly 
disadvantaged. Unhealthy living habits and unfavourable material 
conditions were identified as important (and interacting) specific 
determinants. I" 
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Socio-economic differences in injuries in the Netherlands to be recorded 
in the aforementioned surveillance systems should be described and 
explained. The existence of these surveillance systems opens possibilities 
for case-control studies into the causes of socio-economic differences in the 
incidence of specific groups of injury patients. Attempts should be made to 
unravel the contribution of several controllable determinants in relation to 
these groups, including individual behaviour, exposure and protection, 
material conditions, and medical care. 

Evaluation of preventive measures and trauma care 

This thesis found general indications that prevention and trauma care 
have both contributed to a reduction in public health damage due to injuries 
in the Netherlands. 

Moreover, it appeared that experts can generate many ideas on policy 
measures to be implemented, and have optimistic thoughts about their 
quantitative effects. 

Existing scientific information on the effectiveness and efficacy of 
specific preventive measures is, however, scarce, both in the Netherlands 
and abroad. Although a few studies have evaluated (parts of) trauma care in 
the Netherlands,I67.'69 the majority of quantitative information in this area is 
from abroad. 

This thesis has shown that in order to reach a further reduction in public 
health damage new initiatives in prevention and trauma care are needed. 
Many of the measures to be implemented (e.g. new programmes of safety 
education, regionalization of trauma care) should be preceded andlor 
accompanied by quantitative effect studies estimating andlor measuring the 
resulting reduction in mortality and morbidity. This type of research has so 
far hardly been performed in relation to injury control in the Netherlands. 
The principles of "evidence based medicine""o should become the standard 
in this field. 

5.4.3 MAJOR CHALLENGES IN INJURY PREVENTION AND 
TRAUMA CARE 

Our analyses have identified many priority areas for public health policy. 
It has become clear that new initiatives are needed to reduce the amount of 
public health damage in the future. From the conceptual framework of this 
thesis it can be inferred that policy makers may influence several 
parameters. 219 
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- reductions of injury risk and injury severity; 
- reductions of the severity-adjusted case fatalities and disability rates. 

Inititiatives in exposure control 

This thesis has confirmed the role of exposure as a major determinant of 
injuries at the population level. New and growing types of exposure tend to 
increase the amount of public health damage due to injuries. Exposure is a 
key variable in future health scenarios in this field. 

Reducing the amount of exposure is probably a highly effective means 
of reducing the incidence of injuries and their consequences, including the 
"economic" and "human" costs. 

Neve,1heless, inititiatives in exposure control, in the sense of reducing or 
replacing a specific human activity, are hardly ever considered in injury 
prevention. At the time of our Delphi study the idea of exposure control 
was completely rejected as the experts did not consider it feasible at that 
time. 

Why is there so much resistance to measures aimed at exposure control? 
Probably because exposure to injury risks is based on the performance 

of general human activities, such as driving, cycling, flying, working, 
playing football, housekeeping, gardening and participating in citylife at 
night. Exposure to injury risks is related to both societal tasks and 
individual pleasures. Exposure to injury risks is part of human life. 
Measures to control exposure are often seen as measures to control human 
life. 

What kind of exposure control measures could be implemented? 
Two types of measures are conceivable: exposure reduction and 

exposure replacement. The first type of measure aims to reduce the 
pa.1icipation rate in (hazardous) activities. The second, while similar, also 
provides an alternative. An example of the first type could be to abandon 
driving by young adults during weekend nights. A measure of the second 
type would include offering free public transp0l1. 

Exposure control measures affect individual freedom to such an extent 
that they should not be considered unless the amount of public health 
damage becomes unacceptable, and other measures are insufficient. If areas 
with an untolerable amount of public health damage are identified, creative 
solutions for exposure control should be taken into consideration. 
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If possible, exposure replacement should be preferred to exposure 
reduction. Consequently, one of our tasks for the near future is to define the 
unacceptable. This demands quantitative information of the kind presented 
in this thesis, although such a definition will probably be based to a large 
extent on ethical and political considerations. What is defined as an 
unacceptable burden of injuries will probably depend on the type of activity 
performed. Activities yielding high risks of injuries to other people seem 
the best candidates for exposure control. 

Reduciug injury risl, and injury severity 

Although specific exposure control measures might help to reduce the 
burden of injuries, prevention will always be primarily based on strategies 
affecting the injlllY risks and injury severity. 

New prevention strategies should first of all be implemented in priority 
areas. From the analyses of this thesis at least two major priority areas 
could be derived: injuries to cyclists and domestic accidents among the 
elderly. In this paragraph these two examples are used to illustrate new 
ways to reduce the injUly risk and/or injury severity. 

In assessing the burden of injuries in the Netherlands injuries to cyclists 
surfaced as an important subproblem. Cyclists account for about one half of 
all traffic injuries in this country. This is reflected by high medical costs 
(see chapter 2.2) and a high share of traffic deaths (see chapter 3.1). 

Interestingly enough, cycling injuries are increasingly recognized as an 
important public health problem in other countries."'·112 Internationally, the 
discussion on reducing the risk and severity of cycling injuries focuses on 
one single measure: bicycle helmets. 1n."6 

This is due to the very high frequency of head injuries among cyclists. 177 

In the Netherlands, just under half of the hospitalized cycle-accident victims 
have suffered head injuries." It is worth noting that among cyclists, head 
injuries are often the only life-threatening form of injury, wheras in other 
modes of transport they are frequently associated with other -often multiple
injuries of similar or even greater severity.'" This is probably due to the fact 
that many head injuries are sustained in single accidents, without 
involvement of a motor vehicle. 

The wearing of bicycle helmets has already been made compulsory in 
several parts of Australia, New-Zealand and the USA.'" However, most 
bicycle helmet laws are restricted to children. 

Research findings have indeed shown the effectivenes of bicycle safety 
helmets. Several case-control studies have shown that helmets cut down 
injuries to the brain and upper face by 60-90% ... ,," 
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Nevertheless, there is much resistance to bicycle safety helmets, arguing 
that a change in the behaviour of motor vehicle occupants would be far 
more effective.'" Arrestingly enough a broad majority of the experts 
consulted in our Delphi study in 1986 considered complusory wearing of 
bicycle helmets to be neither necessary nor desirable. 

In the near future, we will have to take a well-informed decision on 
bicycle helmets in the Netherlands. The public health damage due to head 
injuries among cyclists should be adequately quantified. The effectiveness 
of bicycle helmets among several subgroups in this country (e.g. children 
and adults, single accidents and collisions with motor vehicles) should be 
established. And finally, the balance of positive and negative consequences 
of bicycle helmets should be weighed very carefully. The number of head 
injuries to cyclists is too large to reject helmets because of emotional 
resistance. Bicycle helmets are probably the most effective measure, 
available to reduce the severity of single bicycle accidents. On the other 
hand, measures to protect cyclists from a collision with a motor vehicle, 
should of course be continued. The reduction of risk and severity of cycling 
injuries is a priority area in injury control, with bicycle helmets as only one 
of the possible policy measures. 

The reduction of risk and severity of domestic accidents among the 
elderly is another priority area in injury contro!' This holds in pmiicular for 
the problem of accidental fall. This problem is rising (see chapter 2.1) and 
accounts for a ve,y large propOliion of all injury-related medical costs (see 
chapter 2.2). 

There is a large body of knowledge on major determinants of accidental 
fal!.'"·''' These include advanced age, female gender, living alone, poor 
health, existence of functional impairments (in particular with respect to 
mobility, sense of balance and vision), prior history of accidental fall and 
the use of (multiple) drugs. It is velY important that the risk of accidental 
fall among those aged 75 and over rises linearly with the number of risk 
factors. Therefore it makes sense to influence each separate risk factor if 
possible. Offering periodic examinations to elderly people, which focus on 
the consumption of medical drugs and the existence of functional 
impairments, should be considered. In the Netherlands, it has been found 
that more than 10 % of the hospitalizations due to accidental fall are related 
to the use of medical drugs.'" 

Probably a large number of the injuries due to accidental fall might be 
prevented by measures, such as reducing the number of drugs and 
compensating functional impairments. 

In addition, the severity of the injuries due to accidental fall can be 
reduced. 
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In particular, the problem of (hip) fractures can be influenced. Recently, 
methods have been developed to predict "fracture risks" based on 
measurements of bone density.'" In addition, effective forms of drug 
treatment have become available to reduce these fracture risks."o This has 
opened the way for population screening. However, the public health benefits 
of this type of intervention will probably be limited, if only targeted at bone 
mineral density while ignoring other determinants.'" 

Although a large body of knowledge is available, there is still much 
uncertainty about the effectiveness and efficacy of prevention. It will be 
necessary to do additional research and to decide upon the most effective 
prevention strategy in this area. 

Reduction of severity-adjusted case fatality and disability 

Indications that adequate trauma care reduces public health damage due 
to injuries are given in this thesis. Interestingly, since the start of our 
surveillance activities, much progress has been made in this field. In 1988, it 
was reported that the policy of the Dutch government with respect to the 
medical care of injury victims had not yet taken clear shape." The 
professional organizations in this field, however, already had specific ideas, 
which were worked up into a medical care scenario (see chapter 5.2). This 
probably triggered activities from the government and has supported the 
work of the professional organizations towards improvement of trauma care. 

Over the last ten years great improvements have been achieved, such as 
the introduction of a national emergency number, the introduction of 
treatment protocols for ambulance attendants and medical specialists, and the 
highly improved training level of ambulance attendants. And recently the 
government decided to regionalize trauma care, which includes the 
designation of regional trauma centres and the establishment of regional 
facilities for ambulance help and transport. 61 

A major challenge for the future is to ensure that this new system of 
regionalized trauma care is adequately implemented. This should include 
concentration of specialist facilities within trauma hospitals, formalized 
working arrangements between hospitals and ambulance facilities in the 
same region, and development of a system of quality assurance based on 
registration activities from the time of the accident until complete recovery, 
permanent disabilty or death of the patient. 

As with other public health measures, the ful1her improvement of trauma 
care will greatly benefit from the availability of adequate surveillance 
systems. In combination with new prevention strategies, this should help to 
reduce the still unacceptable burden of injuries in the Netherlands. 
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Summary 

CHAPTERl 

Injuries are a persistent and dynamic public health problem caused by a 
variety of widely different events. The field is characterized by the 
continuous introduction of new hazards to societies and by the exposure of 
new generations, time and again, to longer existing risks. This calls for 
accurate public health surveillance systems to be used as a basis for 
research and policy. 

This thesis explores long-term developments in the burden of injuries 
and its underlying factors in the Netherlands. It mainly focuses on 
unintentional injuries as caused by three major types of accidents: traffic 
accidents, occupational accidents and home and leisure accidents. It 
presents a number of quantitative analyses that were performed within the 
framework of a public health surveillance system initiated in 1985. 

These studies used a central conceptual framework, which considers 
(changes in) rates of mortality (the number of deaths per 100.000 person
years) to be the result of (changes in) the rates of the incidence of injuries 
(the number of injured people per 1000 person-years) and the case fatality 
(the number of deaths per 100 injured persons). The incidence of injuries is 
the result of the exposure (e.g. the number of passenger car kilometers per 
1000 person-years) and the injury risk (the number of injured persons per 
unit of exposure). Differences in the case fatality are the result of 
differences in the injury severity ( the distribution of injuries by type of 
injury) and differences in the severity-adjusted case fatality (the number of 
deaths per 100 injured persons adjusted for changes in the distribution of 
injuries). The exposure, injUly risk, injury severity, and (severity-adjusted) 
case fatality are influenced by demographic, economic, socio-cultural and 
teclmological factors (all "autonomous" from the point of view of health 235 
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policy makers in the field of injury control), as well as by policy measures 
aimed at the prevention of injuries or the improvement of medical care for 
injury victims. 

The studies presented in this thesis aimed to assess the frequency and 
societal burden of injuries in the past and present (chapter 2), to identify 
determinants of injury mortality (chapter 3), and to establish the value of 
new quantitative methods of forecasting and monitoring in this field 
(chapter 4). 

CHAPTER 2 

With the help of national registration data we analyzed trends in traffic 
injuries, occupational injuries, and home and leisure injuries in the 
Netherlands (chapter 2.1). We established the contribution of developments 
in the incidence and case fatality to mortality trends since 1950. We studied 
the influence of trends in exposure and injury risk on trends in the incidence 
of injuries, and we related case fatality trends to developments in injury 
severity. We found that the mortality due to unintentional injuries in the 
Netherlands is characterized by rapid changes. Between 1950 and 1970 it 
rose because of an increasing incidence of injuries. This was followed by a 
sharp decline based on a decreasing incidence combined with a rapidly 
falling case fatality. Since the second half of the 1980s, however, the 
declining mortality has levelled off due to rises in the incidence of injuries. 
We found that growing or new exposures tend to increase the injury 
incidence and mortality. This can be compensated by measures reducing the 
injury risk and injury severity (prevention) or severity-adjusted case fatality 
(trauma care). Since the second half of the 1980s this compensation has 
fallen ShOli in the Netherlands. This has led to a growing burden of injuries 
for specific external causes. 

With the help of available data on health care utilization, sickness 
absenteeism, long-term work disability, and mortality we assessed the direct 
medical costs and indirect costs of injuries in the Netherlands (chapter 2.2). 
We used two alternative approaches to estimate the indirect costs of injuries. 
We used the traditional Human Capital Approach, which estimates the 
potential production losses of all victims from the time of injury until the 
mean age of retirement. In addition, we applied the Friction Cost Method 
which attempts to measure the actual production lossess of all victims from 
the time of injury until the mean moment of replacement in the work 
process. We found that injuries are an important source of medical costs and 
economic production losses in the Netherlands. 
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Almost two-thirds of the medical costs are the result of accidents among 
females (mainly domestic accidents among the elderly). On the contrary, 
independent of the method used, more than 80% of the indirect costs are the 
result of injuries of males (mainly caused by a high frequency of traffic 
injuries, occupational injuries and spOlis injuries among young males). The 
application of the Friction Cost Method stresses the importance of injuries 
as a source of economic production losses in comparison to other diseases, 
showing that they belong to the main three causes of indirect costs to 
society. This shows that the economic burden of injuries is high. 

CHAPTER 3 

The results of two studies into determinants of injury mortality are 
presented in chapter 3. 

We analyzed regional differences in traffic accident mOliality in the 
Netherlands, establishing the contribution of regional differences in 
exposure (traffic mobility), injUly risk and case fatality (chapter 3.1). We 
made separate analyses for motor vehicle occupants and cyclists 
respectively. 

We investigated possible determinants of regional differences in 
mortality by mode of transport with the help of multiple linear regression 
analysis. Both the influence of sociodemographic factors and of factors 
probably more direct related to traffic deaths (road infrastructure, medical 
care for injury victims) was studied. We found large regional mortality 
differences, that could be explained only to a limited extent by regional 
differences in exposure. In the case of motor vehicle occupants, regional 
differences in the case fatality seem the major factor behind the observed 
mortality differences. In the case of cyclists some of the variation in 
mortality seems to be caused by regional differences in the use of the 
bicycle. The prosperity level of a region appears to be a strong predictor of 
mOliality differences among motor vehicle occupants and cyclists. A higher 
income level is associated with lower mortality levels by region. Of the 
factors more directly related to traffic deaths, traffic density and the 
availability of advanced trauma care are the most important predictors of 
regional mortality differences. Both show an inverse relationship with the 
case fatality. 
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We examined the relation between prosperity and traffic accident 
mOl1ality in the industrialized world in a long-term perspective (chapter 
3.2). 

We studied the cross-sectional relation between prosperity and traffic 
accident mortality at several points of economic development, from 1962 
until 1990. 

We established the influence of the exposure (traffic mobility) and the 
fatal injury rate (i.e the product of the injury risk and the case fatality: the 
number of deaths per unit of exposure) on those associations. Moreover, 
we analyzed the shape of of the longitudinal relationship between prosperity 
and traffic accident mortality between 1962 and 1990. We tried to explain 
this longitudinal relationship in terms of developments in exposure (traffic 
mobility) and fatal injury rate. We found that the cross-sectional relation 
between prosperity and traffic accident mortality has changed in the 
industrialized world. There has been a reversal from a positive cross
sectional relation in the 1960s into a negative association currently. This 
reversal took place around 1975, when exposure (traffic mobility) lost its 
power as major intermediate factor. It appears that, in a long-term 
perspective, economic development first leads to a growing number of 
traffic deaths yet later becomes protective. At a certain level of prosperity 
the growth rate of traffic mobility has the tendency to level off, where the 
fatal injury rate continues to decline at a similar rate as at lower levels. As 
in the case of other diseases (e.g. cardiovascular diseases) prosperity growth 
could not only lead to growing exposures to particular risks, but could also 
stimulate adaptations, including preventive measures and improvements of 
medical care. 

CIIAPTER4 

The development and evaluation of a new instrument for the forecasting 
and monitoring of injuries is presented in chapter 4. In the mid 1980s we 
made projections of the burden of injuries in the Netherlands between 1985 
and 2000. 

We developed an approach for the calculation of the public health 
impact of different future health scenarios, both with and without 
government intervention. A major determinant included in the scenarios 
was the growth of the national economy. 
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With the help of a Delphi study (c~apter 4.1) we explored autonomous 
developments in the epidemiology of traffic, occupational and home and 
leisure injuries between 1985 and 2000. In addition, we estimated the 
potential effects of different strategies to reduce the amount of public health 
damage due to unintentional injuries. 

Eighty Dutch experts were invited to participate. The response rate was 
82%. The experts were asked to give estimates of the rate of change of 
relevant parameters in the epidemiology of injuries under different sets of 
possible external conditions. 

These parameters included the exposure, injury risk and injury severity 
by type of activity, and the case fatality by type of injury. In addition, the 
experts were asked to list policy measures and to assess their potential 
impact. 

The results of the Delphi study were used as input for scenario 
calculations (chapter 4.2). These were made with the help of a computer 
model developed by our department. In this way the combined effects of 
trends in the aforementioned parameters could be calculated. The 
combination of developments referred to as 'most likely' according to a 
majority of the Delphi experts was elaborated into the 'reference scenario'. 
The results of this scenario, assuming modest economic growth (2% 
annually) and minimal govenunent intervention, showed the following: 
without major new policy measures, mOliality due to unintentional injuries 
(which had fallen tremendously between 1970 and 1985) would remain 
more or less at the level of 1985. It was also shown that several 'alternative 
autonomous scenarios' would probably lead to an increasing burden of 
injuries in the Netherlands. The results of three health policy scenarios, on 
the other hand, made clear that a forceful continuation of injury prevention 
andlor new measures to improve trauma care were expected to be highly 
effective. 

The quantitative results of the future health scenarios were repOlied to 
policy makers in 1988 and subsequently used as a framework for 
continuous monitoring of unintentional injuries in the Netherlands (chapter 
4.3). Trends in the epidemiology of injuries since 1985 were compared with 
observations from the preceding period (1970-1985) and to the future health 
scenarios (1985-2000). We identified interruptions of the actual mortality 
trends in the Netherlands, which could already be reported to health policy 
makers in 1989. In the second half of the 1980s the rapidly declining injlllY 
mOliality trends slowed down (traffic accidents), were slightly reversed 
(occupational accidents) or stabilized (home and leisure accidents). The 
transitions into less favourable developments had been foreseen by Dutch 
experts. 
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Because we were able to monitor actual trends in the epidemiology of 
injuries for more than ten years, we could show the added value of 
quantitative future health scenarios based on expert opinion. It was shown 
that our new tool offers a well-defined conceptual framework for 
continuous monitoring and facilitates the early detection of trend 
interruptions or reversals. 

Moreover, it provides valuable information on possible future 
developments and on the feasibility of health policy goals. 

CHAPTER 5 

The thesis ends with a general discussion. In this final section the major 
results are summarized, and the possibilities and limitations of the applied 
data and methods are reviewed. 

In addition, the findings of this thesis are put in the long-term 
perspective of the epidemiologic transition theory. The analyses of this 
thesis have shed some light on the role of injuries as a component of the 
epidemiologic transition. This subject has not been studied extensively so 
far. 

It is shown, that injury mortality did not change dramatically in the 
Netherlands over the whole past century. Separate subclasses on the other 
hand, have shown spectacular changes. During the first half of this century, 
until 1970, mortality due to accidental drowning and other non-traffic 
accidents (excluding accidental fall) declined sharply. 

This can be explained by similar general factors as those applying to the 
decline in infectious disease mortality often referred to in studies analyzing 
epidemiologic transitions: growing prosperity, cultural modernization and 
the implementation of preventive public health measures have contributed 
to the disappearance of drowning and other non-traffic accidents as major 
external causes of death. 

In the same period mortality due to traffic accidents and accidental fall 
rose sharply, probably intermediated by growing prosperity. Traffic 
accidents and accidental fall seem important examples of "degenerative and 
man-made diseases". This demonstrates that, since the beginning of this 
century until 1970, there have been major shifts in the imp0l1ance of 
specific external causes of death. Since 1970 other dynamic changes 
occurred. Around 1970, the mortality from traffic accidents and accidental 
fall started to decline, in step with the trend reversal for ischemic heart 
disease in this same period. In the case of traffic accidents this was due to 
'autonomous factors' (exposure growth levelling off) and 'adaptations' 
(preventive measures and improvement of trauma care). 
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In the case of accidental fall the developments are somewhat different, 
although the influence of 'adaptations' (improvement of trauma care) seems 
very likely. Probably, the adaptations have been stimulated by growing 
prosperity. 

Finally, it was shown that since 1970 the impOltance of intentional 
injuries as a cause of death has risen. An explanation could not be given. 
Suicide and interpersonal violence, however, have recently become another 
public health priority, in addition to the unintentional injuries as addressed 
in this thesis. 

The main lessons from the long-term analyses made seem to be as 
follows. Specific injury subclasses grow in importance during a specific 
phase of economic and socio-cultural development. During this phase, new 
hazards to mankind are introduced, followed by an increasing exposure of 
the whole population. Subsequently, adaptations are made to the new 
hazards. These adaptations include preventive public health measures and 
improvements of trauma care. 

Forecasting future developments and early detection of unfavourable 
trends should help to accelerate the necessary adaptations. 

The dynamic nature of injuries, as illustrated in this thesis, makes them 
one of the most challenging fields for public health. The final section is 
therefore devoted to major challenges for the future: in surveillance, 
research and policy. Major surveillance needs are improving the registration 
of the incidence of injuries and of injury severity. New research should 
include studies on the long-term consequences of injuries, on determinants 
of injuries at the individual level, and on the effectiveness of prevention and 
trauma care. Policy measures should include new preventive effOlis in 
priority areas and the implementation of a new system of regionalized 
trauma care. These adaptations should help to reduce the still unacceptable 
burden of injuries in the Netherlands. 
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Samenvatting 

HOOFDSTUKl 

Acute lichamelijke letsels (veroorzaakt door ongevallen, 
zelfbeschadiging of geweld) vormen een altijd aanwezig en dynamisch 
volksgezondheidsprobleem. Samenlevingen worden regelmatig met nieuwe 
risico's geconfronteerd, terwijl steeds weer nieuwe generaties worden 
blootgesteld aan de risico's die reeds langeI' in deze samenlevingen 
aanwezig zijn. Hierdoor is het nodig om ontwikkelingen in de tijd 
nauwkelll'ig te bewaken. Dit gebeurt met behulp van monitoringsystemen, 
die kunnen dienen als basis voor wetenschappelijk onderzoek en 
gezondheidsbeleid. 

Dit proefschrift geeft een beschrijving en verklaring van lange tennijn 
ontwikkelingen op het gebied van acute lichamelijke letsels in Nederland. 
Het richt zich met name op letsels ten gevolge drie soorten ongevallen: 
verkeersongevallen, arbeidsongevallen en prive-ongevallen. Er wordt een 
aantal kwantitatieve analyses gepresenteerd, die verricht werden in het 
kader van een monitoringsysteem dat in 1985 van start ging. 

In deze analyses is uitgegaan van een centraal denkmodel. Hierin wordt 
de mortaliteit (het aantal sterfgevallen per 100.000 persoonsjaren) allereerst 
gezien als het produkt van de letselincidentie (het aantal gewonden per 1000 
persoonsjaren) en de letaliteit ( het aantal sterfgevallen per 100 gewonden). 
De letselincidentie is op haar beurt weer het produkt van de expositie 
(bijvoorbeeld het aantal personenautokilometers pel' 1000 persoonsjaren) en 
de letselkans (bijvoorbeeld het aantal gewonden pel' afgelegde 
personenautokilometer). De letaliteit tens lotte hangt afvan de letselemst (de 
verde ling van de gewonden Ilaar het soort letsel dat werd opgelopen) en de 
kans op sterfte nadat voor verschillen in letselernst gecorrigeerd is. 
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Samenvatting 

De expositie, letselkans, letselernst, en (voor letselernst gecorrigeerde) 
letaliteit worden voor een dee I bepaald door demografische, economische, 
sociaal-culturele en technologische factOl·en. Voor beleidsmakers op het 
gebied van de volksgezondheid zijn dit "autonome" factoren. Daarnaast is 
er de invloed van preventieve maatregelen en vel'betering van de medische 
zOl'g VOOI' letselpatienten. 

De kern van het proefschrifi bestaat uit drie ondel'delen. EI' is 
onderzocht welke schade acute lichamelijke letsels aan de volksgezondheid 
berokkenen, hoe dit zich ontwikkeld heefi in de tijd, en welke 
maatschappelijke kosten zij met zich meebl'engen (hoofdstuk 2). 

Hiernaast zijn oorzaken van de sterfie (mol'taliteit) door acute 
lichamelijke letsels bestudeel'd, met name oOl'zaken van de stel'fie door 
verkeersongevallen (hoofdstuk 3). 

Tenslotte is gekeken naar de waarde van nieuwe kwantitatieve methoden 
VOOI' het schatten van toekomstige schade aan de volksgezondheid door 
letsels, en voor de monitoring van ontwikkelingen op dit terrein (hoofdstuk 
4). 

HOOFDSTUK2 

Met behulp van landelijke registl'atiegegevens zijn trends op het gebied 
van verkeers-, arbeids-, en prive-ongevallen in Nederland geanalyseerd 
(hoofdstuk 2.1). De bijdrage werd vastgesteld van ontwikkelingen in de 
letselincidentie en de letaliteit aan trends in de stel'fie door ongevallen in 
Nederland sinds 1950. De invloed werd bestudeerd van trends in de 
expositie en de letselkans op trends in de letselincidentie, tel'wijl 
ontwikkelingen in de letaliteit gerelateerd werden aan ontwikkelingen in de 
letselernst. Hiel'uit kwam naar voren dat de sterfie door ongevalsletsels in 
Nederland wordt gekemnerkt door snelle veranderingen. Tussen 1950 en 
1970 was sprake van een toenemende sterfie onder invloed van een stijging 
van de letselincidentie. Dit werd gevolgd door een spectaculaire 
sterfiedaling gebaseerd op een afnemende letselincidentie, in combinatie 
met een eveneens afnemende leta lite it. Sinds de tweede helfi van de jaren 
tachtig is deze sterfiedaling echter afgevlakt ten gevolge van (nieuwe) 
stijgingen van de letselincidenties bij verschillende soorten ongevallen. 

Uit de analyse kwam duidelijk naar voren dat toenemende (of nieuwe) 
exposities aan ongevalsrisico's in principe ook stijgingen van de 
letselincidenties en de sterfie met zich meebrengen. 



Samenvatting 

Dit kan worden tegengegaan door maatregelen gericht op vermindering 
van de letselkans en letselemst (preventie), of de voor letselemst 
gecorrigeerde letaliteit (medische zorg). 

Sinds de tweede helft van de jaren tachtig vindt een dergelijke 
compensatie in onvoldoende mate plaats in Nederland. Voor specifieke 
soorten ongevallen heeft dit geleid tot een (weer) toenemende schade aan de 
volksgezondheid. 

Op basis van beschlkbare gegevens over het gebruik van 
gezondheidszorgvoorzieningen is een schatting gemaakt van de directe 
medische kosten van acute lichamelijke letsels in Nederland (hoofdstuk 
2.2). Hiernaast werden economische productieverliezen in kaart gebracht 
met behulp van gegevens over ziekteverzuim, arbeidsongeschiktheid en 
sterfte. Bij het schatten van economische productieverliezen werden twee 
verschillende methoden gebruikt. De eerste methode, de traditionele 
"human capital" benadering, berekent het potentiele productieverlies van 
elk slachtoffer vanaf het tijdstip waarop het letsel ontstaat tot aan de 
gemiddelde pensioengerechtigde leeftijd. Een altematieve methode, de 
"frictiekosten" benadering, berekent het werkelijke productieverlies van elk 
slachtoffer vanaf het tijdstip waarop het letsel ontstaat tot aan het moment 
waarbij gemiddeld genomen vervanging in het arbeidsproces plaats vindt. 

Acute lichamelijke letsels blijken een belangrijke bron van directe 
medische kosten en economische productieverliezen in Nederland. Bijna 
tweederde van aile directe medische kosten is het gevolg van ongevallen bij 
vrouwen (met name prive-ongevallen op bejaarde leeftijd). Daarentegen 
komt meer dan 80% van de economische productieverliezen door acute 
lichamelijke letsels op rekening van mannen (met name door de hoge 
incidentie van verkeers-, arbeids-, en sportongevallen bij jonge mannen). De 
toepassing van de frictiekosten benadering laat zien dat acute lichamelijke 
letsels tot de drie belangrijkste oorzaken van economische 
productieverliezen door "ziekte" behoren. Dit benadrukt de hoge 
maatschappelijke kosten van letsels, ook in vergelijking met andere ziekten. 

HOOFDSTUK3 

Hoofdstuk 3 richt zich op oorzaken van de sterfte door 
verkeersongevallen. In de eerste plaats werden regionale verschillen in de 
sterfte door verkeersongevallen in Nederland bestudeerd, waarbij de 
bijdrage werd vastgesteld van regionale verschillen in expositie 
(verkeersmobiliteit), letselkans en letaliteit (hoofdstuk 3.1). Er werden 
aparte analyses uitgevoerd met betrekking tot autogebruikers en fietsers. 245 
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Mogelijke oorzaken van regionale sterfteverschillen naar vervoerswijze 
werden onderzocht, waarbij de invloed werd bekeken van 
sociaaldemografische achtergrondfactoren (zoals het regionale 
welvaartsniveau en de urbanisatiegraad) en factoren die meer rechtstreeks 
gerelateerd zijn aan de verkeerssterfte (zoals de regionale 
verkeersinfrastructuur en de medische zorg voor letselpatienten). Er werden 
zeer grote regionale sterfteverschillen aangetroffen, die slechts in zeer 
beperkte mate verklaard konden worden uit regionale verschillen in 
verkeersmobiliteit. Bij alltogebruikers vormen regionale verschillen in 
letaliteit veruit de belangrijkste factor achter de aangetroffen 
sterfteverschillen. Bij fietsers kunnen de regionale sterfteverschillen voor 
een deel verklaard worden uit verschilllen in gebruik van de fiets. 

Bij zowel autogebruikers als fietsers vonnt het welvaartsniveau een 
sterke voorspeller van regionale sterfteverschillen. Een hoger 
welvaartsniveau gaat samen met een lagere sterfte door verkeersongevallen 
per regio. Van de meer rechtstreeks aan de verkeerssterfte gerelateerde 
factoren zijn de verkeersdichtheid en de medische zorg in de regio de 
belangrijkste voorspellers van regionale sterfteverschillen. Een hogere 
verkeersdichtheid en de beschikbaarheid van geavanceerde medische zorg 
gaan samen met een lagere verkeerssterfte. 

Het verband tussen het welvaartsniveau en de sterfte door 
verkeersongevallen werd ook bestlldeerd in een lange termijn perspectief 
(hoofdstllk 3.2). Hierbij werd gebruik gemaakt van gegevens uit 21 
gelndustrialiseerde land en uit de peri ode 1962-1990. Het cross-sectionele 
verband tllssen het welvaartsniveau en de verkeerssterfte werd bestudeerd 
op verschillende momenten in de economische ontwikkeling van deze 
landen. Hierbij werd de invloed nagegaan van verschilllen in expositie 
(verkeersmobiliteit) en de kans op dodelijk letsel in het verkeer (het aantal 
verkeersdoden per motorvoertuig in de bevolking). Tevens we I'd het 
longitudinale verband vastgesteld tussen welvaart en de sterfte door 
verkeersongevallen. De vonn van dit longitudinale verband werd verklaard 
uit ontwikkelingen in verkeersmobiliteit en de kans op dodelijk letse!. 

Het blijkt dat het cross-sectionele verband tussen welvaart en 
verkeerssterfte in de gelndustrialiseerde wereld is veranderd tussen 1962 en 
1990. In de jaren zestig was sprake van een positiefverband met welvaart, 
hetgeen gebaseerd was op verschillen in verkeersmobiliteit. Rond 1975 trad 
een omslag op naar een negatiefverband, zoals waarneembaar in de jaren 
negentig. Oit komt omdat verschillen in verkeersmobiliteit hun 1'01 als 
dominante factor achter de waargenomen sterfteverschillen zijn 
kwijtgeraakt. 



samenvatting 

In een lange termijn perspectief blijkt het volgende. Economische 
ontwikkkeling leidt aanvankelijk tot een stijgend aantal verkeersdoden, 
maar heeft uiteindelijk een beschermend effect. Bij een bepaald 
welvaartsniveau vlakt het tempo van mobiliteitsgroei af, terwijl de kans op 
dodelijk letsel blijft afnemen in hetzelfde tempo als in een eerder stadium 
van economische ontwikkeling. Het lijkt erop dat er aanpassings
mechanismen worden gestimuleerd door welvaartsgroei. Vermoedelijk 
betreft het hier zowel preventieve maatregelen als verbeteringen in 
medische zorg. 

HOOFDSTUK4 

Hoofdstuk 4 gaat in op de ontwikkeling en evaluatie van een nieuw 
instrument voor het schatten van toekomstige schade aan de 
volksgezondheid en het monitoren van ontwikkelingen op het tenein van 
acute lichamelijke letsels. Halverwege de jaren tachtig werd een methode 
ontwikkeld voor het berekenen van de volksgezondheidseffecten van 
verschiIlende toekomstscenario's, sommige met en andere zonder 
beleidsmatig ingrijpen. Een belangrijke achtergrondfactor in aile 
toekomstscenario's betrof de economische groei tussen 1985 en 2000. 

Met behulp van een Delphi-onderzoek (hoofdstuk 4.1) we I'd 
gei'nventariseerd welke ontwikkelingen tussen 1985 en 2000 verwacht 
zouden kurmen worden in de epidemiologie van verkeers-, arbeids-, en 
prive-ongevallen. Enerzijds werden mogelijke ontwikkelingen zonder 
beleidsmatig ingrijpen (autonome ontwikkelingen) in kaart gebracht, 
anderzijds werden de potentiele effecten van verschiIlende beleidsopties 
geschat. Tachtig Nederlandse deskundigen werden uitgenodigd voor 
deelname aan het onderzoek. Hiervan deed 82% daadwerkelijk mee. De 
respondenten gaven schattingen van kwantitatieve veranderingen in diverse 
belangrijke parameters in de epidemiologie van ongevalsletsels onder 
verschiIlende externe condities (zoals verschillende veronderstellingen rand 
de te velwachten economische groei). De gevraagde parameters omvatten 
onder meer de expositie, letselkans en letselernst naar type activiteit. 
Hiernaast werd gevraagd naar ontwikkelingen in de letaliteit naar 
letseltype. Tevens werd de deskundigen gevraagd om pakketten 
beleidsmaatregelen te bedenken, en om daar het potentiele kwantitatieve 
effect van te schatten. 

De resultaten van het Delphi-onderzoek werden gebruikt bij het 
doorrekenen van de effecten van verschillende toekomstscenario's 
(hoofdstuk 4.2). 247 
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Deze berekeningen werden uitgevoerd met een binnen ons instituut 
ontwikkeld model. Hiermee konden de gecombineerde effecten van trends 
in afzonderlijke parameters (zoals expositie en letselkans) en afzonderlijke 
activiteiten (zoals autogebruik, industri~le arbeid, en sportdeelname) 
worden berekend. De combinatie van ontwikkelingen, die volgens een 
meerderheid van de Delphi-experts als meest waarschijnlijk werd gezien, 
werd uitgewerkt in een "referentie-scenario". 

De resultaten van dit scenario - met als kernaannames een matige 
economische groei (2% per jaar) en het achterwege blijven van nieuw 
beleidsmatig ingrijpen - lieten het volgende beeld zien: de sterfie door 
ongevalsletsels (die scherp gedaald was tussen 1970 en \985) zou zonder 
nieuwe maatregelen ongeveer op het niveau van 1985 blijven. Hiernaast 
werd berekend dat verschillende "alternatieve autonome scenario's" 
vermoedelijk tot een stijging van de incidentie en sterfie zouden leiden. De 
resultaten van drie beleidsscenario's lieten echter zien dat deskundigen 
optimistisch waren omtrent de effectiviteit van een krachtige vOOltzetting 
van het preventiebeleid enlof de implementatie van een nieuw pakket 
maatregelen ter verbetering van de medische zorg voor letselpatienten. 

De resultaten van de scenarioberekeningen werden in 1988 
gerapporteerd aan beleidsmakers en vervolgens gebruikt als raamwerk bij 
de continue monitoring van ongevalsletsels in Nederland (hoofdstuk 4.3). 
Trends in de epidemiologie van ongevalsletsels sinds 1985 konden 
vergeleken worden met ontwikkelingen in de voorafgaande periode (1970-
1985) en met de uitkomsten van de toekomstscenario's (1985-2000). Op 
grond hiervan werden interrupties van de werkelijke sterfietrends in 
Nederland ge¥dentificeerd, welke reeds in 1989 aan beleidsmakers 
gerapporteerd werden. In de tweede helfi van de jaren tachtig bleek sprake 
van een afvlakking van de snelle sterfiedaling uit de voorafgaande peri ode 
(verkeersongevallen), van een omslag naar een lichte sterfietoename 
(arbeidsongevallen) of van een omslag naar een stabilisatie van de 
sterfiecijfers (prive-ongevallen). Deze overgang naar mindel' gunstige 
ontwikkelingen dan in de voorafgaande peri ode was reeds voorzien door de 
Nederlandse deskundigen. De monitoring van werkelijke trends in de 
epidemiologie van ongevalsletsels gedurende meer dan tien jaar heefi ons 
de gelegenheid geboden om het nieuwe instrument te evailleren. Hieruit 
hebben we geconcludeerd dat dit instrument toegevoegde waarde heefi op 
verschillende punten. Het biedt een uitstekend raamwerk voor de continue 
monitoring van trends, en het Iijkt de vroege opsporing van trendinterrupties 
of trendbreuken te bevorderen. 



Samenvatting 

Het instrument biedt bovendien potentieel waardevolle informatie over 
mogelijke toekomstige ontwikkelingen, en over de haalbaarheid van 
beleidsdoelstellingen. 

HOOFDSTUKS 

Het proefschrift wordt afgesloten met een algemene discussie. In dit 
laatste deel worden enkele belangrijke resultaten kort samengevat, en wordt 
ingegaan op mogelijkheden en beperkingen van de gebruikte gegevens en 
method en. Aanvullend worden de bevindingen uit dit proefschrift geplaatst 
in het lange termijn perspectief van de epidemiologische transitie. Dit 
betreft de grote veranderingen op het terrein van de volksgezondheid die 
geYndustrialiseerde samenlevingen gedurende de afgelopen twee eeuwen 
hebben doorgemaakt. De analyses uit dit proefschrift hebben enig Iicht 
geworpen op acute Iichamelijke letsels als onderdeel van dit 
veranderingsproces, waarin de levensverwachting sterk is toegenomen en 
chronische ziekten de plaats van infectieziekten zijn gaan innemen, waar het 
de belangrijkste oorzaak van sterfte in de bevolking betreft. Lange termijn 
trends op het gebied van acute Iichamelijke letsels betreffen een onderwerp 
dat nog relatief weinig bestudeerd is. Er werd zichtbaar gemaakt dat de 
totale sterfte door acute Iichamelijke letsels (veroorzaakt door ongevallen, 
zelfbeschadiging of geweld) gedurende de afgelopen eeuw op vrijwel 
hetzelfde niveau is gebleven in Nederland. Aan de andere kant hebben 
aparte deelrubrieken wei spectaculaire wijzigingen ondergaan. Vanaf het 
begin van deze eeuw tot ongeveer 1970 was er sprake van een scherpe 
daling van de sterfte door verdrinking en andere niet-verkeersongevallen 
(uitgezonderd accidentele val). Deze daling kan worden verklaard op grond 
van dezelfde algemene factoren die vaak genoemd worden in analyses van 
de dalende sterfte door infectieziekten gedurende de epidemiologische 
transitie: toegenomen welvaart, sociaal-culturele modernisering, en 
collectieve preventie hebben bijgedragen aan het verdwijnen van 
verdrinking en andere niet-verkeersongevallen als belangrijke "externe 
doodsoorzaken". In dezelfde periode was sprake van een enorme stijging 
van de sterfte door verkeersongevallen en accidentele val. In beide gevallen 
heeft de toegenomen welvaart waarschijnlijk een belangrijke rol gespeeld 
bij deze ontwikkelingen. Verkeersongevallen en accidentele vallijken 
voorbeelden van "degenerative and man-made diseases" (degeneratieve en 
door de mens zelf veroorzaakte aandoeningen). 
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Vanaf het begin van deze eeuw is el' sprake geweest van een belangrijke 
verschuiving in het patroon van doodsoorzaken binnen de acute 
Iichamelijke letsels : verkeersongevallen en accidentele val namen de plaats 
in van verdrinking en andere niet-verkeersongevallen. 

Vanaf 1970 zijn vervolgens weer andere dynamische veranderingen 
opgetreden. Na 1970 ging de sterfte door verkeersongevallen en accidentele 
val dalen, hetgeen een grote gelijkenis vertoont met de trendbreuk die 
ongeveer tegelijkertijd bij ischaemische hartziekten kon worden 
waargenomen. Bij verkeersongevallen is de trendbreuk gebaseerd op een 
combinatie van 'autonome ontwikkelingen' (de groei van de 
verkeersmobiliteit begon afte vlakken) en 'aanpassingsmechanismen' 
(bestaandeuit collectieve preventie en verbeteringen van de medische zorg 
voor letselpatienten). Bij de accidentele val is sprake van een iets andere 
achtergrond van de trendbreuk. Maar ook bij deze deelrubriek hebben 
'aanpassingsmechanismen' (verbetering van de medische zorg) een 
belangrijke rol gespeeld. Vermoedelijk zijn deze aanpassingsmechanismen, 
zowel bij verkeersongevallen als bij accidentele val, mede onder invloed 
van welvaartsgroei tot stand gekomen. 

Tenslotte werd ook zichtbaar gemaakt dat het aandeel van de 'opzettelijk 
toegebrachte letsels' in de sterfte door externe doodsoorzaken sinds 1970 is 
toegenomen. Hiervoor kon geen verklaring worden gegeven. Onderkend 
moet worden dat zelfmoord en geweld nieuwe prioriteiten in het 
volksgezondheidsbeleid zouden moeten zijn, in aanvulling op de 
ongevalsletsels. 

De belangrijkste conclusies, die uit de lange termijn analyses getrokken 
kunnen worden, zijn als voigt. Specifieke deelrubrieken binnen het veld van 
de acute Iichamelijke letsels kennen een toenemend belang als 
doodsoorzaak in een bepaalde fase van economische en sociaal-culturele 
ontwikkeling. In deze fase worden nieuwe risico's gelntroduceerd in de 
samenleving, hetgeen gevolgd wordt door een toenemende blootstelling aan 
deze risico's in een steeds groter deel van de bevolking. Dit leidt tot 
aanpassingsmechanismen die bevorderd lijken te worden door 
welvaartsgroei. Deze aanpassingsmechanismen omvatten zowel preventieve 
maatregelen als verbeteringen van de medische zorg voor letselpatienten. 
Het anticiperen op mogelijke toekomstige ontwikkelingen, en de 
vroegtijdige onderkenning van ongunstige trends, zouden een versnelling 
van noodzakelijke aanpassingsmechanismen teweeg moeten brengen. 



Sam en vatting 

De dynamiek binnen het terrein van de acute lichamelijke letsels, zoals 
ge1l1ustreerd in dit proefschrift, maken dit veld een van de grootste 
uitdagingen op het gebied van de volksgezondheid. 

Het laatste stuk uit dit proefschrift is daarom gewijd aan belangrijke 
uitdagingen voor de toekomst : in registratie, wetenschappelijk onderzoek 
en beleid. 

Met prioriteit dient de registnitie van de letselincidentie en de letselernst 
verbeterd te worden. Nieuw wetenschappelijk onderzoek zou zich in elk 
geval moeten richten op de lange termijn gevolgen van letsels, op oorzaken 
van letsels op individueel niveau, en op de effectiviteit van letselpreventie 
en medische zorg voor letselpatienten. Het beleid dient zowel nieuwe 
preventieve inspanningen te omvatten als de implementatie van een nieuw 
systeem van regionale traumazorgnetwerken. Deze aanpassings
mechanismen moeten zorgen voor een verdere vermindering van het nog 
steeds veel te hoge aantal gewonden, overledenen en gehandicapten ten 
gevolge van acute lichamelijke letsels in Nederland. 
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Dankwoord 

Bij het schrijven van een proefschrift hoort altijd een uitgebreide lijst te 
bedanken person en. Dit geldt zeker voor dit boekje, dat een lange 
ontstaansgeschiedenis kent. Hierin zijn velen mij behulpzaam geweest bij 
de verschillende somien activiteiten waarmee ik me bezig hield. 

Het proefschrift kent zijn oorsprong in het scenario-project "Ongevallen 
en traumatologie". Ais jonge analytisch ingestelde arts wilde ik halverwege 
de jaren tachtig mee gaan werken aan het tot stand komen van een meer 
rationele manier van besluitvorming in het gezondheidszorgbeleid. Ik was 
overtuigd van de noodzaak van kwantitatieve onderbouwing. Daarom leek 
het maken van vooruitberekeningen met betrekking tot ongevallen en hun 
gevolgen mij zeer zinvol. Tijdens mijn werkzaamheden als dienstplichtig 
arts was ik geconfronteerd geraakt met de grote gevolgen die 
ongevalsletsels kunnen hebben voor het sociaal en maatschappelijk 
functioneren van mensen. Bovendien zou ik veel kunnen leren wat mij in 
mijn latere carriere als beleidsmaker goed van pas zou komen. Zonder enige 
ervaring met wetenschappelijk onderzoek heb ik me daarom indeliijd 
aangemeld voor het uitvoeren van het scenario-project. En daar heb ik nooit 
spijt van gekregen. 

Over wie ik het meeste moet bedanken voor de kans die ik to en kreeg, 
ben ik niet geheel zeker, maar ik kies voor Paul van der Maas. Het 
ontspannen gevoel, dat jij bij mijn sollicitatiegesprek reeds bij me opriep, 
maakte mij toen al zeker dat ik me bij 'Jouw" instituut zeer op mijn plaats 
zou gaan voelen. Dat is later aileen maar bevestigd in de vele activiteiten 
waar wij samen mee te maken hebben gehad. Ten tweede wil ik Ruud Lapre 
noemen, die als voorzitter van de scenario-commissie zo'n belangrijke 
inbreng had bij het proces waarin wetenschappers en deskundigen uit het 
veld van letselpreventie en traumazorg elkaar vonden. 
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Ook wi! ik al diegenen bedanken die mij, vooral tijdens die eerste jaren 
van het scenario-project, met overtuiging en gedrevenheid lieten zien wat 
een belangrijk en boeiend onderwerp de acute lichamelijke letsels zijn 
binnen de volksgezondheid. Ik noem de leden van de scenario-commissie 
en de respondenten van ons Oelphi-onderzoek. Zonder hen was dit 
proefschrift nooit geschreven. Apart wi! ik noemen professor Goris, die 
vanui! de traumatologie aan het project deelnam en toen ontwikkelingen in 
gang heeft gezet waar het beleid op dit moment op voortbouwt. Ook ben ik 
bijzondere dank verschuldigd aan Wim Rogmans, met name voor de wijze 
waarop hij vele aanbevelingen uit het scenariorapport heeft omgezet in 
dad en. Ik noem de intersectorale samenwerking en de verbetering van de 
letselregistratie. Oit zal ongetwijfeld de basis gaan vormen voor belangrijk 
nieuw toekomstig onderzoek en preventiebeleid. 

Uit die inspirerende beginjaren wi! ik tens lotte nog een persoon speciaal 
noemen: Theresa van der Stane-Bout, die al ons werk omzette in rapporten 
die qua lay-out hun tijd vel' voorui! waren. 

Wie ik ook wi! bedanken zijn aile co-auteurs van de art ike len die in dit 
proefschrift zijn opgenomen. Het zijn stuk voor stuk goede collega's die 
essentiele bijdragen aan de diverse analyses geleverd hebben, en tevens veel 
van de in dit proefschrift opgenomen figuren hebben gemaakt. Door hen 
ben ik bovendien verder gekomen in diverse onderdelen van de wetenschap. 
Ik noem Oik Habbema, Genit van OOlimarssen en Jan Barendregt in 
verband met de ontwikkeling van het rekemnodel voor vooruitberekeningen 
in de epidemiologie van ongevallen. Anton Kunst voor zijn hulp bij de 
analyses van sterfteverschillen. Ook zijn kritisch commentaar op mijn 
manuscript heeft me zeer goed geholpen. Ik noem Caspar Looman en 
Gerard Borsboom voor de statistische ondersteuning die ik nodig had. En 
Leona Hakkaart-van Roijen wi! ik bedanken voor de plezierige wijze 
waarop we gezamenlijk de kosten van letsel in kaali hebben gebracht. 
Judith Wolleswinkel-van den Bosch moet ik bedanken voor het historisch 
materiaal dat mij in staat stelde de acute lichamelijke letsels te bespreken in 
het kader van datgene waarop jij straks zelfpromoveert: de 
epidemiologische transitie theorie. 

Naast mijn onderzoek, dat de basis vonnt van dit proefschrift, ben ik de 
afgelopen tien jaar ook sterk betrokken geweest bij het onderwijs aan 
medisch studenten in Rotterdam. Ook dit is een belangrijke taak, die samen 
met vele anderen wordt uitgevoerd. Het ontwikkelen en uitvoeren van 
onderwijs in het vak maatschappelijke gezondheidszorg in een 
artsenopleiding is geen eenvoudige opgave. 
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Van Wim Zweekhorst heb ik geleerd op welke wijze dit op een effectieve 
en voor studenten boeiende manier kan: met behulp van pati~ntgeori~nteerd 
onderwijs, dat primair gericht is op het opleiden van goede medische 
hulpverleners. Ik wil jou bedanken voor de vele inspirerende gesprekken die 
wij gehad hebben, en voor het feit dat je mij zo snel in vertrouwen nam om 
het onderwijs van ons instituut gezamenlijk tot verdere ontwikkeling te 
brengen. In dit proces zijn ook anderen vervolgens zeer belangrijk geweest. 
Dike van de Mheen werd de derde orunisbare schakel in ons 
onderwijscluster. Zonder jou als "kompaan" in het onderwijs was dit 
proefschrift waarschijnlijk nooit afgerond. Ik ben dan ook blij dat wij zo'n 
beetje op hetzelfde tijdstip promoveren. Joke Meulmeester kon als ervaren 
sociaal-geneeskundige belangrijke aanvullende kennis in ons onderwijs 
inbrengen. lk wil jou daarvoor bedanken, maar vooral ook voor je gezelschap 
als kamergenote en voor de door jou geschreven toneelstukjes, waarin ik me 
bij gelegenheden kon uitleven. En dan Alice Griffioen. Wat werd jouw 
besluit, om te stoppen als hoofd van ons secretariaat en te begimlen als 
logistiek coordinator onderwijs, mij als een geschenk in de schoot geworpen. 
Dat het onderwijscluster dit jaar twee promoties kent, is zeker ook deels aan 
jouw voolireffelijke ondersteuning te danken. Ik ben blij dat je je nieuwe 
taak zo ontzettend leuk vindt. 

In de ontstaansgeschiedenis van dit proefschrift is er een periode geweest 
waarin ik me nauwelijks met onderzoek bezig kon houden. In de eerste helft 
van de jaren negentig ontstond er een nieuwe organisatievonn binnen de 
universiteiten: de onderzoekschool. Dit concept is later vaak bekritiseerd, 
maar ten omechte. Van Bert Hofman heb ik geleerd wat een onderzoekschool 
in essentie moet zijn: een federatie van onderzoeksgroepen van topkwaliteit, 
die gezamenlijk een post-initieel opleidingsprogramma verzorgen met 
internationale aantrekkingskracht. Ik wil jou bedanken voor de inspirerende 
periode waarin wij gezamenlijk het Netherlands Institute for Health Sciences 
(NIHES) op basis van deze visie hebben opgebouwd. Het was beslist de 
moeite waard. 

Tijdens mijn periode bij het NIHES ben ik door velen ondersteund. Met 
name de secretaresses van het stafbureau, Mariska Olanyi, Soeja de Groot, 
Marie-Louise Bot en lneke Buytink, ben ik veer dank verschuldigd. Dit geldt 
ook voor hen die mijn taken bij het NIHES op voortreffelijke wijze hebben 
overgenomen: Lex Burdorf, Alita Hidding en Koos Lubbe. Maar bovenal is 
daar natuurlijk Cilia Kuynders. Wat fijn dat jij gedurende die jaren bij het 
NIHES "mijn" perfecte secretaresse was. 

Het belang van goede secretarieIe ondersteuning kan niet hoog genoeg 
worden ingeschat. Door mijn uiteenlopende activiteiten is dit altijd van grote 
betekenis geweest. 
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Ook op het secretariaat van het instituut Maatschappelijke 
Gezondheidszorg kon ik altijd terugvallen. Dam'om zeker ook dank aan Else 
van den Engel, Monique van der Linden, Jolanda Zwetsloot, Els Goettsch 
en Sonja Deurloo. Een speciaal bedankje verdient IIse Philips die de lay-out 
van dit proefschrift heeft verzorgd. Ook Saskia Drent wil ik zeker even 
apart noemen, met name voor de manier waarap zij mijn diverse stukjes tot 
een volledig manuscript heeft bewerkt. In dit verband wil ik ook Karen 
Gribling bedanken VOOI" het verbeteren van het Engels. En Barry de Wit en 
Yolande te Giffel wil ik graag noemen voor hun voortreffelijke 
ondersteuning op financieelladministratief gebied. 

Ook het belang van werken in een sfeer van goede onderlinge 
verstandhoudingen zou ik nog even willen onderstrepen. De vele collega's 
die ik de afgelopen jaren heb gehad wil ik hier graag voor bedanken. Een 
hoogtepunt was voor mij het cabaret dat wij gezamenlijk hebben opgevoerd 
bij het 25-jarig bestaan van het instituut Maatschappelijke 
Gezondheidszorg. Als voorbeeld van fijne coli ega's wil ik daarom hen 
noemen, die hieraan meededen en niet elders in dit dankwoord reeds 
vermeld zijn: Joost van der Meer, Sake de VIas, Peter Wannerdam, Rene 
Eijkemans, Caroline Baan, Petra Beemsterboer en Feikje Groenhof. 

Collega's die zeker ook genoemd moeten worden zijn Willem Jan 
Meerding en Erwin Birnie. Onze samenwerking om te komen tot een nieuw 
model voar de berekening van kosten van letsels is voor mij echt zeer 
plezierig. Hierin wil ook de collega's van onze samenwerkingspartner, 
Consument en VeiJigheid, graag betrekken: Saakje Mulder, Marieke 
Schellart, Paul den Hertog, en Henk Zantvoord. En zeker ook weer de 
secretaresses die ons zo goed ondersteunen: Joke Braekhuizen en Annerieke 
Arendshorst. 

Tenslotte ben ik bel and bij de laatste personen die van cruciale betekenis 
zijn. Johan Mackenbach heeft mij geleerd wat kwantitatief wetenschappelijk 
onderzoek inhoudt. Dit proefschrift is een vrucht van onze samenwerking, 
die jaren geleden tot stand kwam. Jij hebt mijn wetenschappelijke interesse 
sterk gestimuleerd en hebt mij gevormd tot een onderzoeker die mogelijk 
iets bij kan dragen aan de kwantitatieve onderbouwing van het gezond
heidszorgbeleid. Jouw ral als promotor was essentieel. Je combinatie van 
enerzijds geduld en begrip, en anderzijds stimulering op momenten waarap 
het echt even nodig was, heeft mij tot afranding van dit proefschrift 
gebracht. 

En dan mijn ouders en mijn zus Irene: jullie warme steun vanaf mijn 
jongste jaren is voor mij zo betekenisvol. En Nandy: jouw liefde is de bron 
van mijn inspiratie. 
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