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Maastricht University

Annoesjka Novák
Anovák-Services

Christiaan P. W. M. Veraart
Roche Netherlands BV

Johan L. Severens
Maastricht University and University Hospital Maastricht

Objectives: In the Netherlands, allocation decisions have not yet been explicitly based on
the Value of Statistical Life. However, when policy makers decide whether or not to
implement life saving interventions this trade-off is made implicitly. This study aimed to
gain insights into this trade-off, hereafter referred to as Implicit Value of Statistical Life
(IVSL), by means of a retrospective investment analysis of life saving interventions
implemented in the Netherlands.
Methods: A literature search was conducted to find life saving intervention cases meeting
the requirements for IVSL calculation. A final sample of ten cases was included in the
study concerning interventions implemented in different societal sectors. For each case,
an IVSL estimate was calculated according to a uniform method.
Results: IVSL estimates derived from the intervention cases differed considerably and
ranged from €1 to almost €11 million. Differences were most extreme when comparing
IVSL estimates concerning interventions implemented in different societal sectors.
However, IVSL estimates also varied greatly between interventions in the same sector
and even within the same interventions when critical assumptions were altered.
Conclusion: Our findings suggest that there are great imbalances between societal
investments for preventing a statistical death. This highlights the need for further
deliberation about how to improve transparency of policy decisions. An approach ex ante
determining the Value of Statistical Life by means of empirical methods and based on
societal preferences might circumvent the problems associated with the IVSL and needs
further exploration.
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Human life is the most valuable good we have and protect-
ing it has high priority. The belief has even been expressed
that costs should not play a role in saving human lives (14).
In different societal sectors, such as health care, transport,
consumer safety, and the environment, regular efforts are
made to develop interventions reducing mortality risk. How-
ever, because public resources are limited, implementing all
of these interventions is impossible and choices have to be
made between competing intervention options.

In the healthcare sector decisions about the allocation
of scarce resources are increasingly based on economic
evaluations (28). In these evaluations, efficiency is often
expressed in terms of costs per quality-adjusted life-year
(QALY). The QALY integrates life expectancy and health
related quality of life in a single outcome measure (12). It
can be used to compare different types of healthcare inter-
ventions, including screening, diagnosis, treatment, moni-
toring or a combination of these and as such contributes to
allocative efficiency. Due to these advantages in The Nether-
lands guidelines were formulated that explicitly recommend
the application of the QALY in economic evaluations of
pharmaceuticals that come into consideration for reimburse-
ment (7).

For interventions directed at mortality risk reduction,
the economic literature suggests the Value of Statistical Life
(VSL) as a common measure of efficiency. The VSL refers
to the value that an individual or society would be willing to
pay to avoid a statistical death (i.e., the risk of an anonymous
premature death). It is a measure of the marginal rate of sub-
stitution of wealth for risk of death, due to a specific cause
(10;13;23). Empirically, it can be determined by dividing an
individual’s willingness to pay (WTP) for a change in initial
mortality risk, by the change in risk. WTP estimates can be
determined by means of revealed or stated preference tech-
niques (16). Revealed preference techniques draw on actual
market behavior, whereas stated preference techniques are
survey based approaches (11). Both methods result in indi-
vidual WTP estimates that can be aggregated to determine a
societal VSL.

As the VSL can be used to evaluate all kinds of mortal-
ity risk reducing interventions, it may assist policy makers
in their assessment of competing intervention options across
societal sectors. Hence, the VSL has the potential to sup-
port allocation decisions on a more central level, similar to
role the QALY plays for allocation decisions in the health-
care sector. However, to our knowledge policy decisions in
the Netherlands have not been explicitly based on VSL es-
timates. Instead, the trade-off between wealth and mortality
risk is made implicitly when policy makers decide whether
or not to implement certain life saving interventions (5;29).
These policy decisions give the best available indication of
societal willingness to pay for reductions in mortality risk.
As there is a lack of scientific evidence regarding this Im-
plicit Value of Statistical Life (IVSL), the present study had
the objective to gain insights into its magnitude based on

life saving interventions implemented in different societal
sectors in the Netherlands.

METHODS

For the purpose of this study, the IVSL was defined as the
monetary value society commits to preventing one statistical
death as revealed by public life saving interventions that have
already been implemented. According to this definition, the
IVSL can be calculated by dividing the total investment made
for an intervention by the total number of lives saved by that
intervention, where the number of lives saved equals the
difference between the expected number of deaths before
and after the intervention. This method has previously been
referred to as Cost per Life saved (11).

To allow for the calculation of IVSL estimates based
on implementation decisions of the Dutch government, we
defined the following selection criteria for life saving inter-
ventions to be included in this study. First, the interventions
concern a measure or strategy reducing the probability of
premature death among a specified target population. Sec-
ond, the decision to implement the interventions has been
taken by the Dutch central government, whereas the imple-
mentation itself and the costs may also be the responsibility
of private parties. Finally, the literature reports estimates of
the investment made and the number of lives saved by the
intervention or provides sufficient information to allow for a
belated calculation of these estimates.

To find suitable cases of life saving interventions,
the authors initially reviewed interventions implemented or
planned for implementation in the Netherlands, that play(ed)
a central role in the public debate of governmental policy
and met the above selection criteria. Literature regarding
economic evaluations conducted with respect to these inter-
ventions was searched using governmental and related web-
sites. Furthermore, we contacted experts in different sectors
of public policy working in ministries and research insti-
tutes that operate on behalf of the Dutch government. They
were asked whether they were aware of policy documents
regarding these particular interventions and other life saving
interventions that might meet the inclusion criteria.

The majority of the reports and policy documents col-
lected by this method initially did not meet the selection cri-
teria. In several cases, however, additional information could
be obtained from original authors and literature regarding the
projected investment, the expected number of lives saved and
the implementation status of the interventions. This process
resulted in a final sample of 10 life saving interventions cases
included in the study.

For each of these cases, first the investment made and the
number of lives saved were determined. In case that these es-
timates were reported directly, the original calculations were
reconstructed to gain insights into the comparability of esti-
mates across the intervention cases. Subsequently, the IVSL
was calculated according to the above described definition.
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With respect to the calculations, the following choices were
made. To make IVSL estimates comparable across cases,
annual estimates were transferred to total estimates. Further-
more, when uncertainty was reported around the estimates of
the investment and/or number of lives saved (e.g., in terms of
sensitivity analyses or minimum and maximum estimates),
an IVSL was calculated for each of the possible values of the
estimates.

RESULTS

First, the intervention cases analyzed in this study are de-
scribed according to the societal sector in which they were
implemented and with particular emphasis on hours the in-
vestment and number of lives saved were estimated. Sub-
sequently, the IVSL estimates derived from these cases are
discussed.

Water Control: Measures to Reduce
Mortality Risk From Flooding

In 2003 the Dutch Ministry of Transport, Public Works and
Water Management commissioned the Netherlands Environ-
ment Assessment Agency (MNP) to evaluate the previous
governmental policy of managing flooding risk (25). In the
framework of this evaluation, the cost-effectiveness of two
water control measures was assessed aiming to improve the
Dutch population’s protection against flooding risk: (i) the
water barriers built in the southwestern part of The Nether-
lands after the flooding disaster in 1953 and (ii) the water
barriers built in Central Holland based on the recommen-
dations of the so-called “Delta Commission” made in 1960
(25). The MNP report did not explicitly mention the perspec-
tive from which the economic analyses were performed, but
as it concerned an evaluation of governmental policy, it is
assumed that a public payer perspective was used.

For both interventions the investment and number of life
saved estimates were directly reported. However, the calcula-
tions underlying these estimates could not be reconstructed,
due to unpublished literature and/ or inaccessible data. From
the descriptions in the MNP report the following information
could be derived. In the Central Holland case the investment
estimate was only based on the investment directly associ-
ated with the water control measures whereas in the South
West Netherlands case the investment estimate represents the
investment associated with the water control measures minus
additional economic benefits due to the further development
of the Vlissingen harbor area. Furthermore, the number of
lives saved estimate in the South West Netherlands case was
based on the number of fatalities caused by the flooding dis-
aster in 1953. For the Central Holland case, we were not
able to retrieve the literature sources providing the estimated
number of lives saved. Both, the investment and number of
live saved estimates, were reported on an annual basis as-
suming an interest rate of 4 percent and administration costs
of 1 percent.

Consumer Safety: Measures to Reduce
Mortality Risk From Contamination of
Pharmaceutical Products

In 1996, patients with a new variant of Creutzfeldt Jakob dis-
ease (CJD) representing a bovine-to-human transmission of
BSE (bovine spongiform encephalopathy) were for the first
time discovered. Because there is no cure available for this
disease, the Dutch government took a series of measures to
protect consumers from contracting it. These included track-
ing down and slaughtering diseased cattle, banning the im-
port of cattle from Great Britain, and testing cattle older than
30 months for BSE (26). In addition, changes in regulations
were made to reduce the transmission risk of the disease by
pharmaceutical products containing animal derivates. To ad-
here to these new regulations, pharmaceutical companies had
to change production processes, conduct additional analyses
and use other raw materials. The costs and benefits of these
measures were recently estimated for the companies SynCo
Bio Partners, Sobel, Sanquin, and Centocor using data from
interviews with company representatives and additional lit-
erature (26).

The investment estimates reported consist of structural
and once only costs made by the companies in an 8-year
period and include both costs made to comply with the leg-
islation and voluntary costs made to reduce the transmission
risk (26). The number of lives saved were estimated based on
a hypothetical population at risk for contracting the disease
of 1 billion and on an estimated initial mortality risk, that
was calculated as cumulative risk of the separate protection
moments (i.e., each time patients take the pharmaceutical
product under consideration).

Transport Sector: Measures to Reduce
Mortality Risk From Road Accidents

Every year, a considerable number of people get injured or
die in road accidents due to the limited field of view truck
drivers have when turning right. In response to this prob-
lem, the Dutch government introduced a legal obligation to
equip trucks with field of view improving systems (i.e., blind
spot mirror or camera) in 2003. Shortly after this legislation
was implemented, Langeveld and Schoon (17) conducted an
economic evaluation of this measure from a societal per-
spective. The investment estimate they report includes the
costs made by the government for law making and educa-
tional campaigns and the costs made by truck owners for
equipping their vehicles with field of view improving sys-
tems. The number of lives saved estimate used in the report
was derived from previous research (27). It was calculated
using accident statistics and was based on two main assump-
tions: (i) the differences between the number of casualties
caused by trucks turning right and trucks turning left can be
accounted for by the blind spot; and (ii) field of view improv-
ing systems have a 40 percent lower effectiveness than direct
view. Both the investment and the number of lives saved
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concerned an eight year period and were discounted to
present value using a 4 percent discount rate.

Health Care: Measures to Reduce Mortality
Risk From Pandemic Influenza

Based on WHO recommendations the Dutch Ministry of
Health, Welfare, and Sports developed an Influenza Pan-
demic Preparedness Plan with the objective to minimize the
effects of a possible influenza pandemic on population and
society. In the framework of this plan, the National Institute
for Public Health and the Environment (RIVM) assessed the
impact of different intervention measures on health services
in terms of resources needed and health consequences, in-
cluding mortality (15). The intervention measures concerned
two possible scenarios: (i) the situation in which an influenza
vaccine is available at the beginning of the pandemic and (ii)
the situation in which such a vaccine is not available. For
the latter case two intervention options were assessed. First,
pneumococcal vaccination of groups at risk for influenza
to prevent the complications associated with influenza and
second a therapeutic strategy administering neuraminidase
inhibitors (i.e., antiviral agents) to people with influenza-like
symptoms. Prophylactically administering neuraminidase in-
hibitors was another intervention option examined, but this
was not included in this study as it did not meet our selection
criteria. To date, the Netherlands have not been confronted
with an influenza pandemic. However, the Dutch government
has already invested in influenza vaccines (4 million units),
pneumococcal vaccine (1 million units), and antiviral agents
(5 million cures) to ensure rapid action in case a pandemic
outbreak occurs (15;20).

The investment associated with the alternative interven-
tion options was not reported by the RIVM, but it could
be calculated due to the detailed description provided of
the resources needed for the different intervention options.
Given that only healthcare resources were described in the
report, we conducted the analysis from a healthcare per-
spective. The investment estimate includes drug costs, phar-
macy prescription fees and the costs of GP visits for the
number of patients that is expected to receive the interven-
tions (8;9;21;22). The numbers of lives saved were estimated
using a mathematical model synthesizing data from vari-
ous literature sources, including GP registries and Statistics
Netherlands. The model was based on several assumptions
regarding age dependency of attack rates, the spreading time
of influenza and the conversion of death rates in the normal
epidemic to the pandemic situation and was validated by an
expert panel. Due to the uncertainty regarding the extent of
a possible pandemic, the estimates of the investment and the
number of lives saved were reported for the situation in which
the pandemic hits 30 percent and 50 percent of the popula-
tion. Given the lack of knowledge regarding the efficacy of
neuraminidase inhibitors when used for therapeutic purposes,
the investment made and the number of lives saved was also

calculated for different degrees of efficacy (25 percent and
75 percent).

IVSL Estimates

The IVSL estimates derived from the intervention cases in-
cluded in this study differ substantially with a minimum of
€1 per statistical death prevented, estimated for the measures
taken by the pharmaceutical company Sanquin to reduce mor-
tality risk from Creutzfeldt Jakob disease, and a maximum
of almost €11 million per statistical death prevented, esti-
mated for the water control measures taken in South West
Netherlands (see Table 1). The differences between IVSL
estimates are most extreme when comparing interventions
between different societal sectors. However, there are also
great differences between IVSL estimates of similar interven-
tion cases within the same sector. For example when com-
paring the water control measures in Central Holland and
with the ones in South West Netherlands case (difference
>€10 million). Even within the same interventions IVSL
estimates vary considerably when critical assumptions are
altered. This is for example the case for therapeutic use of
neuraminidase inhibitors in case of an influenza pandemic,
where IVSL estimates range from just under €100,000 to
more than €300,000.

DISCUSSION

This study aimed to provide insights into the magnitude of
the Implicit Value of Statistical Life (IVSL) by means of ten
cases of life saving interventions implemented in different
societal sectors in the Netherlands. Our findings show that
IVSL estimates differ considerably between the intervention
cases and range from €1 to almost €11 million per statisti-
cal death prevented. This indicates that society’s investments
for mortality risk reductions vary extremely. However, one
can question whether the IVSL estimates in this study give
a good indication of which life saving interventions repre-
sent a better investment than others in terms of efficiency.
The IVSL estimates derived in this study have the advantage
that they were calculated according to a uniform method and
express the efficiency of different types of interventions in
the same terms. Ideally, such a common efficiency parameter
allows for a comparison of different types of interventions.
However, the differences existing between crucial input pa-
rameters for the IVSL calculation (i.e., the investment and
number of lives saved estimates) hamper valid comparison of
the interventions in this study. The differences have several
reasons.

First, the investment and number of lives saved estimates
derived from the intervention cases were determined using
different perspectives. In the pharmaceutical sector cases the
perspective of individual companies was applied, while in the
other intervention cases a healthcare, societal, or public payer
perspective was used. As a result the types of costs included
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Table 1. IVSL Estimates and Input Parameters for the IVSL Calculation

IVSL (€)

Case (per sector) Investment (∗ € 1000) Lives saved (N) Min Point estimate Max

Water control
Central Holland 300 000 100-5 440 55 147 3 000 000
South West Netherlands 700 000 64 — 10 937 500 —

Consumer safety
SynCo Bio Partners 50 28 908 — 2 —
Sobel 113 200 11 095 — 10 203 —
Sanquin 191 000 192 719 815 — 1 —
Centocor 36 000 73 000 — 493 —

Transport
Field of view improving systems 13 610 12 — 1 134 167 —

Health care/Public Health
Influenza vaccination

pandemic hits 30% 69 825 2 251 — 31 020 —
pandemic hits 50% 69 825 3 752 — 18 610 —

Neuraminidase inhibitors
pandemic hits 30%; efficacy 25% 294 690 1 010 — 291 772 —
pandemic hits 50%; efficacy 25% 501 600 1 600 — 313 500 —
pandemic hits 30%, efficacy 75% 294 690 3 030 — 97 257 —
pandemic hits 50%, efficacy 75% 501 600 5 000 — 100 320 —

Pneumococcal vaccination
pandemic hits 30% 63 884.4 137 — 466 309 —
pandemic hits 50% 63 884.4 230 — 277 758 —

Notes. All estimates presented in this table were rounded to absolute numbers.

in the investment estimate and the population at risk used to
estimate the number of lives saved are not comparable across
cases.

Second, discounting is not applied consistently. In the
transport sector case discounting is used to adjust future mon-
etary and health effects for their differential timing. In all
other cases discounting was not applied or not reported. Due
to the preventive nature of the interventions in this study,
benefits are generally produced in the future, while costs
are generated immediately. Therefore, the choice whether or
not to use discounting and the choice for the method of dis-
counting can have profound effect on the cost-effectiveness
of these interventions (3;6). Although there is still ongoing
discussion regarding whether or not to discount the benefits
of preventive interventions, the methods used should at least
be consistent to allow for comparison (24).

Third, additional economic benefits produced by the in-
terventions are not consistently included in the investment
estimate. As part of the water control measures in South West
Netherlands, the Vlissingen harbor area was further devel-
oped. The additional economic benefits resulting from these
measures were subtracted from the total investment made for
the intervention. In the remaining intervention cases, benefits
other than mortality risk reduction were either not accounted
for or this was not reported.

Finally, the investment and number of lives saved esti-
mates vary in the accurateness by which they were estimated.
This is due to differences in the quality and scope of the eco-

nomic evaluations performed in relation to the intervention
cases. The estimates derived from the consumer safety cases
are for instance based on a short explorative study, whereas
the estimates derived from the healthcare sector cases are
based on a decent and comprehensive analysis. The esti-
mates in the transport sector case appear to be based on a
rather global estimation and for the water control cases we
could not reconstruct how estimates were calculated. These
accuracy differences may for instance explain why IVSL es-
timates derived from the consumer safety cases are so low
compared with IVSL estimates of other cases. The mortal-
ity risks in the consumer safety cases were largely based
on ad hoc estimates made by company managers. As peo-
ple generally have difficulties appraising small risks (19),
it is possible that this approach has resulted in an over-
estimation of the initial mortality risk and the risk reduc-
tions achieved by the intervention and hence in biased IVSL
estimates.

Given the potential bias introduced by studies with a
rather limited scope and suboptimal research methods, it
would have been advisable to use the quality of the data
as an additional selection criterion for the cases included
in this study. However, as the availability of intervention
cases meeting the requirements for the IVSL calculation was
limited, we chose not to use the quality of the data as a
separate selection criterion.

In addition to the limited comparability of IVSL esti-
mates, there are also some conceptual problems inherent to
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the IVSL. The IVSL is based on investment decisions that
have often been taken by policy makers in an ad hoc manner.
As a result the trade-off between wealth and mortality risk
may be a highly imperfect process not adequately reflecting
policy preferences (29).

Furthermore, the IVSL only gives an indication of the
lower bound of society’s willingness to pay for a statistical
death prevented. It reveals the amount society has paid in the
past, while it would be more relevant to know what society
would be willing to pay as a maximum.

A third problem of the IVSL is related to the fact that
it has to be determined retrospectively based on secondary
data sources. Hence, data about the decision contexts of the
wealth-risk trade-offs is not readily available, which limits
the opportunity to systematically examine possible determi-
nants of IVSL estimates. Meta-analyses of empirical VSL
studies, suggest that VSL estimates are influenced by a va-
riety of factors, including characteristics of the sample (e.g.,
income), characteristics of the affected population at risk
(e.g., life expectancy and average mortality risk) and context-
specific factors (e.g., country of origin, year of publication or
“unionization” in labor market studies) (2;30). Insights into
these factors and their relationship with the VSL are impor-
tant as they contribute to our understanding of the variations
found between VSL estimates from different studies.

Fourth, it may be argued that the IVSL concept does not
reflect preferences of society, but rather the revealed prefer-
ences of policy makers themselves, which is in contrast to the
widely shared opinion among economists that the monetary
value of safety in public sector cost-benefit analyses should
reflect the preferences of those affected by the measure (11).

Finally, the IVSL assumes that decisions to implement
life saving interventions are solely based on the trade-off be-
tween wealth and mortality risk. However, this trade-off is
only one of the many factors that may be considered by de-
cision makers. Additional factors taken into account include
for instance the broader benefits the intervention has for so-
ciety, the potential unrest or panic that may be reduced by
the intervention, and the consideration that we can be better
safe than sorry, which is referred to as the precautionary prin-
ciple (1;18). Moreover, policy decisions are not only based
on a rational weighing of arguments, but often represent a
political compromise. Decision makers have to argue with
different stakeholders and have to sell their decisions in the
light of being re-elected (4). Hence, the IVSL does not pro-
vide an adequate reflection of the complex reality of decision
making.

CONCLUSION

This study has demonstrated that an IVSL derived by means
of an ex post investment analysis is not an adequate means
to compare the efficiency of different life saving interven-
tions. This is due to the incomparability of input data for the
IVSL calculation when these are derived from secondary data

sources, but primarily, due to conceptual problems inherent
to the IVSL. Despite the limitations of this approach, the
IVSL estimates derived in this research suggest that there are
great imbalances between society’s investments for avoiding
a statistical death. At this moment, we lack information about
the possible reasons of these imbalances. This highlights the
need for further deliberation about how policy decisions can
be made more transparent. A decision-making approach ex-
plicitly and ex ante taking the VSL into account could be
a step forward. When determined by means of empirical
methods and based on societal preferences, the VSL might
circumvent the problems associated with the implicit VSL
approach and might provide a useful decision aid for pol-
icy makers. Further research efforts are needed to examine
applications of this method in the practice setting.
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