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Introduction
Cool heads and warm hearts”

As health economists, we spend our time looking at ‘quantities’ like quality of life, life
expectancy, numbers of deaths, or costs. We weigh up gains and losses in health and
look at the associated costs, allegedly with an analytical, cool mind. However, at the
same time, we try not to forget that behind every number, there is a potential life, a
person with needs, wishes and preferences. It is not only the pursuit of knowledge that
motivates us in this profession. It is also the compassion with our fellow human beings
and the conviction that with health economic evidence, societies can make better health
care decisions. Decisions informed in that way have the potential to maximise health
and well-being in the population given a limited budget for health care. Consequently,
as health economists we should have cool heads when creating our models and doing
our calculations, but warm hearts when conceptualising what our models should
include (with room for aspects like equality and equity), interpreting our findings, and
formulating our recommendations.

Some health economists sit in committees where decisions on the reimbursement of
new, potentially life-saving interventions are made. The health economist’s heart may
be with the patients that describe their misery due to a certain disease, potentially
eased by a new expensive intervention (e.g., medical treatment). At the same time, the
health economist’'s head must be with the unknown patients that are not in the room. A
decision in favour of reimbursing an expensive intervention for one group of patients
may have adverse consequences for other groups. For example, due to a limited
budget, the interventions they need might then not be funded, or no longer be funded.
This leaves the question; how should such difficult decisions be made? Our task as
health economists is to provide insight into the costs and benefits of healthcare
interventions to society. The following section will give a broad introduction to how such
health economic evaluations of interventions work and important considerations that
play arole.

Two aspects are worth noting at this stage. First, most health economists would
agree that decisions based on systematically provided evidence should always be
preferred to decisions made based on ‘gut feelings’ or past experiences. A systematic
approach increases accountability and transparency in decision-making, if not also
welfare.! Second, they would also acknowledge that the health economic perspective
is always only one of the possible perspectives one can adopt in a certain decision
context. Other perspectives will always also have a weight in health care decision
making, not in the last place because not everything of value for decision making is
easily quantified and captured in health economic evaluations.

* This heading is inspired by the first chapter of “A little history of economics” from Niall
Kishtainy, who used this quote from the famous economist Alfred Marshall describing the ideal
qualities of an economist.



Health economic evaluations

Public health care systems are collectively funded. As such the resources available for
health care are in direct competition with private income and expenditures in other
public sectors like social security, infrastructure, education, or defence. More
resources could be made available for health care by shifting resources between
budgets or increasing the budget by raising taxes or contributions, but, in the end, the
available resources for health care are essentially limited. At the same time, health care
costs are expected to keep increasing due to three factors: the ageing of the
populations, technological advances, and rising expectations.? Therefore, regulatory
health care bodies like ZIN in the Netherlands, NICE in the UK, or G-BA in Germany,
have to decide whether new medical interventions should be made available in the
public health care benefits (or insurance) package. The goal of health economic
evaluations is to inform such decisions by providing information about the incremental
costs and benefits of a new intervention compared to current standard care.® In
essence, health economic evaluations attempt to systematically analyse the value of
interventions using explicit and commonly agreed upon assumptions, which helps to
increase the quality, transparency, and accountability of health care decisions.

In the health care context, the most prominent type of health economic evaluation
is cost-effectiveness analysis (CEA). In most cases, CEA entails calculating differences
in health outcomes and costs between a new intervention and an existing intervention.
Dividing differences in costs by differences in health outcomes builds the incremental
cost-effectiveness ratio or ICER, which represents the additional cost per unit of
outcome. Health outcomes can take many different forms in CEA depending on the
disease or intervention under consideration, from, e.g., reduced blood pressure to
more fundamental outcomes like life years saved. Comparing results from different
CEAs can be challenging if different disease-specific outcomes are used.® Therefore,
the main alternative to CEA in health care, and one of the focal points of this dissertation,
is cost-utility analysis (CUA), where the health outcome is captured in terms of Quality-
Adjusted Life Years (QALYSs).

QALYs are a generic outcome measure combining quality of life (or more
specifically, health-related quality of life) and length of life.! Health-related quality of life
is measured using generic, multi-dimensional, instruments like the EQ-5D* or the SF-
6D.5 The former, for example, has the following dimensions: Mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression.® Oftentimes using a survey,
patients indicate how they are doing in each of these dimensions. The different levels
of health selected in each of the distinct dimensions then describe the health state of
the patient. This type of data is predominantly collected alongside clinical trials of new
interventions. Population preferences are used to compute a utility score for all possible
health states on a scale between 0 (the state of being dead) and 1 (the state of full or
perfect health). A short example: An individual indicates to have some problems in the
mobility dimension of the EQ-5D, while having no problems in the other four
dimensions. The health utility of this health state is 1 (full health) minus the weight for
having some problems in the mobility dimension. This weight was estimated to be -
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Introduction

0.04 for the Dutch population.” Consequently, the utility of this health state is 0.96. Such
quality-of-life values are then combined with length of life (in years) to build QALYs
(i.e., 10 years in this health states equals to 9.6 QALYs). How the QALY concept works
in the context of comparing two health interventions is illustrated in Figure 1.

Alternative
treatment

e

Quality of life

Standard of care
(comparator)

» Time (years)

Death Death

Figure 1: Depiction of incremental health gain in quality-adjusted life years (QALYSs).
Own illustration after Gold et al. (1996).8

The vertical axis represents the health-related quality of life or health utility ranging
from O (dead) to 1 (full health). The horizontal axis depicts the remaining life
expectancy of the patient (group). The grey area then represents the expected quality
and quantity of life associated with being treated for a certain disease with standard
care. The white area represents the expected additional QALYs gained due to the
alternative intervention. The white area left of the dotted line represents the QALY gain
through quality-of-life improvements from a new intervention, the area right of the line
the QALY gain through extending quantity of life, i.e., increasing life expectancy.

The above-mentioned cost-effectiveness ratio, or ICER, then means dividing
differences in costs between interventions, by differences in QALYs. For example, a
new intervention costs €10,000 per patient more than current standard care. At the
same time, the new intervention increases length of life to the extent of 2 QALYSs. In this
example, the ICER would be 5,000 €/QALY. But how should ICER values be interpreted
to form policy recommendations? For this purpose, Figure 2 spans the widely used
cost-effectiveness plane, dividing potential ICER results into four quadrants (A-D).
Here, standard care is located at the interception of the two axes, and compared to two
alternative interventions, medical treatment [ and medical treatment II. The horizontal
axis depicts the incremental QALYS, i.e., the difference in health provided by the new
treatment compared to standard care. The vertical axis represents the incremental
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costs associated with each alternative treatment compared to stand care. Depending
on whether alternative treatments produce more or less QALYs and are more or less
costly than the comparator, treatments may lie in either of the four quadrants. What do
these imply in terms of policy recommendations? In quadrant B, treatments would be
more costly and produce less QALYs than standard care, leading to the
recommendation that the intervention should not be implemented. In quadrant D,
treatments would cost less and produce more QALYs, which would result in an
unequivocal positive recommendation.

Incremental cost

A

TreatmentII Threshold line
€ 10,000 y f
€ 5,000 : ¥ TreatmentI
Comparator treatment
‘o N Incremental
-0.3 0.1 0.3 effectiveness
QALYs QALYs QALYs

€ -10,000

Figure 2: The cost-effectiveness plane. Own illustration after Drummond et al. (2015)!

Treatments in quadrant C are rarely assessed, as effectiveness is often a dominant
decision criterion, i.e., the acceptance of less effective new technologies is typically low
in the medical field also when they are much cheaper than standard care. Most new
treatments lie in quadrant A. These provide a larger health benefit but at the same time
are more costly than standard care. The question then becomes: should such an
intervention be implemented in the benefits package? The answer is ‘it depends’.
Everyone probably agrees that paying €100 for one year in full health, i.e., 1 QALY,
would be money well spent. But what about paying €100,000 for one QALY? As such,
to be able to interpret ICERs in quadrant A, some sort of ‘threshold’ or value of a QALY
is needed. Above such a threshold, a treatment should not be considered worthwhile,
offering value for money, or being cost-effective anymore. Ignoring any other
considerations for now, it boils down to the question what an acceptable ratio of
incremental costs per QALY is. In other words: how much is society willing to pay for
an additional unit of health. This decision rule, in its most general sense from a societal
welfare perspective, can be formulated as in equation 1.
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Introduction

A
AC cvo )

The ratio of incremental costs AC and incremental QALYs, AQ, should be lower than
some threshold vq (the nature of which will be outlined in the following section). If this
is the case, an intervention is considered cost-effective and the recommendation would
be to fund the intervention.® Under certain assumptions, this decision rule implies the
maximisation of the number of (gained) QALYs for a given budget.

After this introduction to the general approach of health economic evaluations, a
short side note on some normative and ethical aspects of this ‘decision rule’ is due.
Some people would categorically object to withholding effective interventions due to
monetary or budgetary considerations, or costs in general. One important clarification
is that economic evaluations support collective funding decisions at the health care
system level. This is detached from the clinical level and individual patients, and not
related to bed-side rationing. Second, for health economists the focus on ‘costs’ is not
a means in itself and in no way a call for health care budget cuts. If one accepts the
notion that health care resources are limited and cannot be endlessly extended, the
question for economists is how these resources can be spent in the most efficient way:
Every Euro spent on a certain intervention for one patient group could perhaps also
have been put to alternative use for the same or another group of patients. The health
gain from this potential alternative use of the budget is now not realised. Therefore, in
a health economic evaluation the costs represent the sacrifices imposed on alternative
uses of these resources (within or outside the health care sector). This was once
formulated by Williams (1992), in the early days of health economic evaluations, as
follows:!0!!

"Anyone who says that no account should be paid to costs [in medical practice] is really
saying that no account should be paid to the sacrifices imposed on others. I cannot see
on what ethical grounds you can ignore the adverse consequences of your actions on
other people."

At the same time, the use of QALYs in CUA do raise certain questions with an ethical
dimension.!? Of special importance are equity considerations. At their core, these
relate to whether, under certain circumstances, one should give some QALYs more
weilght than others, or even deviate from the general notion of maximising QALYs.
Equity considerations have, for instance, been formulated in the context of the age of
beneficiaries, the severity of the disease, the size of the patient population, or the rarity
of the disease.!® How to incorporate equity considerations into health economic
evaluations is discussed in detail elsewhere.!*15
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Reflections on specification and empirical basis of health
economic evaluations

Asoutlined in equation (1), the decision rule in cost-utility analysis is that an intervention
is cost-effective if the ratio of incremental costs and incremental benefits (measured in
QALYs) is below the cost-effectiveness threshold vg. Although this appears to be a
simplistic framework, the exact specification and measurement of AC, AQ and v is not
straightforward, reason for long-standing debates, and often depends on the context.
For instance, the natural starting point for specifying AC is resources used within the
health care sector. But it could also include costs from the informal sector, costs
occurring in other sectors (e.g., education), productivity costs, or future (unrelated)
medical costs.!®!7 The focus of this dissertation, however, lies on the scope and
measurement of the two remaining factors in equation 1: Q, the benefit dimension of
cost-utility analysis, and v, the cost-effectiveness threshold.

The scope of Q

The benefit dimension of cost-utility analysis, Q, is predominantly measured using
QALYs, which are calculated based on instruments for measuring health-related quality
of life like the EQ-8D. On first sight, it seems to be a logical approach that health care
interventions should be evaluated using some type of approximation of health as
benefit dimension. However, in recent years, researchers have started to question this
paradigm. For instance, it has been pointed out that the maximisation of health may not
be in alignment with society’s values towards health care and its function.'®
Furthermore, health improvement may not be the appropriate objective in all areas of
health care. If you take palliative care, for instance, restoring health is often not possible
anymore. To alesser degree, this is also the case for many interventions in elderly care,
arguably one of the largest areas within the health care sector. Mental health and
integrated social care are additional areas, where traditional measures of health may
fall short of capturing the benefits of the care provided and of new interventions.!®?° In
the mentioned areas, interventions rather aim to maintain or increase the broader well-
being of patients.?!:2?

A result of this realisation was that several broader quality of life measures have
been put forward in previous years, intended to be used in health economic
evaluations. This includes for example the ICEpop CAPability measure for Older
people (ICECAP-0),? the ICEpop CAPability measure for Adults ICECAP-A),?* the
Adult Social Care Outcome Toolkit (ASCOT),? and the Well-being Of Older People
measure (WOOP).2¢ The use of such broader measures in cost-utility analysis implies
extending the scope of Q to broader well-being. However, this requires further
empirical work and comes with additional challenges, which have not been fully
addressed so far. Some of these challenges will be addressed in this dissertation.

Whose values count?

The use of multi-dimensional health or well-being instruments in cost-utility analysis
requires deriving weights for all possible health or well-being states, i.e., creating a
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utility tariff for the instrument. Without weighting, we would assume that each of the
included dimensions and underlying levels have the same impact on the calculated
health or well-being index.! If you take the EQ-5D for example, this would imply that a
high level of anxiety and depression is equally bad as a high level in pain/discomfort.
This may or may not be an accurate description of the preferences of people for those
states. The same goes for the impact of different levels of functioning within one health
domain (such as mobility) on quality of life. Utility tariffs are predominantly generated
by eliciting preferences towards the different attributes (and their levels) using some
form of survey-based experiments. One of the questions that arise in this context, is
whose preferences to elicit. In other words, whose values should count when creating
a utility index?

Predominantly, preferences were obtained from samples of the general
population. The central argument for this choice is that the general population is the
payer of health care, and that therefore their preferences should be reflected when
valuing health or well-being states to assess the benefits of health care for use in
economic evaluations.® In the choice experiments that are used to elicit such
preferences, individuals are usually asked to imagine being in particular health or well-
being states, which they do not necessarily experience themselves (or even have
experienced in the past). Therefore, the elicited type of utility is also called ex-ante,
anticipated or decision utility. The alternative to this approach is to obtain preferences
from individuals who actually experience these health or well-being states, the patients.
These are consequently called experienced utility.?” While different methodologies
have been used in the past to elicit experienced utility for health instruments,?® no such
research exists yet for broader well-being measures.

Preference elicitation techniques for creating utility tariffs

While many different techniques for health state valuation exist,?® the elicitation of
decision utility is primarily based on methods grounded in expected utility theory. The
main types of methods that have been applied in the past for health utility instruments
were standard gamble, time trade-off, or more recently, discrete choice experiments
(DCE) and best-worst scaling (BWS).® While all of these methods have their own
advantages and disadvantages, DCEs have become more widely used for this purpose
in recent years.®*3! The emergence of broader well-being instruments for use in
economic evaluations raises the questions whether the same elicitation methods can
also be used for such instruments, and how to choose between methods. To approach
these questions, the following two features of broader well-being instruments should
be highlighted.

A broader scope of Q usually implies that the descriptive systems of the
corresponding well-being instruments cover more domains (or dimensions) as
compared to traditional health instruments. The ASCOT, WOOP, and the EQ Health and
Wellbeing Short version (EQ-HWB-S), which is currently being developed
(https://eurogol.org/blog/eq-hwb/), all have nine dimensions.?3% The WI-X, another
novel well-being measure, which is currently validated, has even 10 dimensions, while
ICECAP-A and ICECAP- have five dimension.?*?* The most commonly used health
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measures, EQ-5D and SF-6D, have five and six dimensions, respectively.® This
generally larger set of domains and their levels has two implications: First, the statistical
power required to properly estimate utility weights increases considerably. This means
that sample sizes need to be larger and/or the efficiency of the elicitation format needs
to be increased. Second, the complexity of the experiments themselves increases with
every additional dimension or level. Therefore, the cognitive burden of the elicitation
format becomes an increasingly important consideration when choosing the valuation
method. This is especially relevant if measurement is meant to be inclusive /
representative and hence also include members of the population with lower cognitive
capacity.

Another aspect worth mentioning here is that of anchoring the utility scale.
Anchoring is a necessary feature of the QALY framework, to be able to combine quality
of life with length of life.! For health instruments and the resulting QALYs, the states
dead (0) and full health (1) form the natural anchors (while negative values for states
‘worse than dead’ are also possible).®? For broader well-being instruments, this may
not be as straightforward. In previous valuation studies of well-being instruments, the
question of anchoring was not fully addressed.?5% More specifically, placing the state
of being dead on a scale from ‘no well-being’ to ‘full well-being’ was not unambiguous.

The definition and estimation of vg

As outlined above, knowledge about incremental costs and benefits, however defined,
is not sufficient to assess whether an intervention is cost-effective when incremental
costs and benefits are both positive (quadrant A of Figure 2). Some form of assessment
has to be made on whether the additional benefits are worth the additional costs, in
other words, provide sufficient value for money. The still acceptable ratio is called the
cost-effectiveness threshold, depicted as vg in equation 1 and displayed in Figure 2.!
Some jurisdictions shy away from explicitly formulating a threshold value (in € per
QALY).**% However, it is worth noting that any reimbursement decision made includes
some implicit consideration of the appropriate ratio of benefits and costs. Arguably,
using an explicit threshold, based on some form of societal deliberation and/or
empirical evidence, should be the preferred approach, since it increases the
accountability and transparency of health care decision making.3¢

Depending on the jurisdiction, the threshold relates to two different concepts. For
instance, NICE in England takes a health care perspective in health technology
assessment. The corresponding threshold represents the cost-effectiveness of
displaced care, or the health opportunity costs. In countries like the Netherlands a
broader societal perspective is prescribed by the National Healthcare institute. There,
the threshold represents the consumption value of health or, in other words, the societal
value of health.® The following, and the corresponding chapters of this dissertation,
focus on the latter conceptualisation, as this is the relevant one in the Dutch context.

So how can the consumption value of health vg be measured? In principle, vo and
the related threshold should be oriented on preferences of the general population, as
the ultimate payer (and consumer) of health care. The elicitation of such preferences
can be attempted using two conceptually different approaches. First, one could use
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Introduction

people’s actual behaviour and choices to obtain an approximation of how much they
value their health in monetary terms. Such ‘revealed preferences’, for example, were
obtained based on wage-risk trade-offs (that is, the willingness to accept a higher health
risk associated with a job for a wage premium). However, identifying stable and causal
estimates is notoriously difficult in this context.®” Furthermore, such approaches can
only estimate how much individuals value their own health. This may not be sufficient
to inform collective decision making.

The predominantly applied alternative to such revealed preference estimations is
setting up experiments with hypothetical choices and thereby eliciting ‘stated
preferences’. In the endeavour to estimate v, willingness to pay experiments have
been the most widely used approach.®® However, while flexible in their specification
and straightforward to implement, such experiments also have significant
disadvantages.* This also applies when obtaining estimates of v.*%4! Therefore, the
search for alternative approaches for estimating vg is still ongoing and newly
developed approaches require further attention. >4

Objectives and structure of this thesis

The first general objective of this thesis is to conduct research relating to broadening
the specification of the benefit dimension to well-being, as outlined above, aiming to
facilitate the use of broader outcome measures in health economic evaluations. This
aim will be addressed in Part I of this thesis, which is entitled “Generating weights for
health and well-being instruments”. Relating to what has been discussed in the
previous section, the second broader objective of this thesis is to apply and refine
methodologies aiming to estimate the monetary value of health and broader well-
being. This will be the focus of Part Il of this thesis with the title “Estimating the monetary
value of health and well-being gains”. It is important to note that while the two parts in
general answer distinct questions, extending the scope of health economic evaluations
to broader quality of life requires adequately answering both sets of questions (and
other questions not discussed here). The following outlines the two parts, and the
corresponding chapters and research questions.

Part I, “Generating weights for health and well-being instruments”, consists of three
studies presented in chapters 2 to 4. This part of the thesis discusses and applies
alternative methods for generating utility weights for multi-dimensional quality of life
instruments, with a special focus on instruments going beyond health.

Chapter 2 focuses on generating utility weights for the ICECAP quality of life
instruments. While utility tariffs already exist for the ICECAP, these were based on ex-
ante or decision utility, i.e., individuals valuing states that they are currently not in. In
this study, we instead created utility values based on experienced utility, ie.,
individuals’ actual experience of a state. The research question for this chapter was: Is
it feasible to create experienced utility tariffs for the broader ICEACP well-being
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measures with well-being data, and how do these experienced utility tariffs compare to
decision utility tariffs?

Chapter 3 includes a comparison of two types of choice experiments for obtaining
utility weights for a broader quality of life measures. The comparison focuses on the
cognitive burden of the experiments, which increases with the size of the descriptive
systems of the instrument to be valued. Research question: Is best-worst scaling or
discrete choice experiment the more appropriate method in terms of response burden
for eliciting utility tariffs for a large well-being instrument?

Chapter 4 reports on results of a discrete choice experiment eliciting anchored utility
weilghts for a nine-dimensional well-being instrument: the Well-being Of Older People
measure (WOOP). The WOOP was designed to be used as a broader outcome
measure in economic evaluations of health and social care interventions targeted at
older people. Research question: What are the preferences of older people in the
Netherlands regarding the relative importance of the nine well-being dimensions of the
WOOP?

Part I, “Estimating the monetary value of health and well-being gains” is comprised of
four studies (chapter 5 to 8). It revolves around estimating v, i.e., the monetary value of
health or well-being gains.

Chapter 5 reports on a study applying a traditional willingness-to-pay experiment to
obtain the societal valuation of health safety provided by an early warning system for
infectious diseases. This study was performed before the current COVID-19 pandemic
and little did we know back in 2018, when we started this project, that this topic would
become this relevant. Research question: How much are citizens in six European
countries willing to pay for an early warning system for infectious diseases?

Chapter 6 is a replication of the experiment presented in chapter 5 but fielded in 2020,
a few months after the start of the COVID-19 pandemic. Research question: Did the
valuation of an early warning system for infectious diseases change compared to before
the pandemic?

Chapter 7 presents a study which estimated the monetary value of a QALY, but at the
same time the monetary equivalent value of broader gains in well-being, more
specifically capability well-being. This side-by-side estimation allowed a first direct
comparison of the relative value of health and well-being. In this study, we applied the
well-being valuation method, an approach only recently suggested for valuing health
gains. Research question: Is it feasible to estimate monetary values for both health and
well-being based on this approach, and what is the relative monetary value of health
gains and well-being gains?

18
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Chapter 8 comprehensively tests and refines this regression-based method for valuing
health gains. In this study we used large-scale longitudinal data from Germany to
empirically assess several open issues when applying the well-being valuation method
for estimating the monetary value of health gains. Research question: What are
empirical challenges of the well-being valuation approach for estimating the monetary
value of health and how can some of these be addressed?

To conclude this thesis and bring together the different parts, Chapter 9 summarises
and discusses the main results of the research conducted for this thesis. The results are
furthermore put into a broader context, highlighting strengths and limitations of the
thesis as well as the policy relevance and implications of the work, and avenues for
future research.
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Happy with your capabilities? Valuing
ICECAP-O and ICECAP-A states based on
experienced utility using subjective well-being
data
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Chapter 2

Abstract

Background: The ICECAP-O and the ICECAP-A are validated capability well-being
instruments. For use in economic evaluations, multi-dimensional instruments require
weighting of the distinguished well-being states. These weights are usually obtained
through ex-ante preference elicitation, i.e., decision utility, but could also be based on
experienced utility. Objective. This paper describes the development of value sets for
ICECAP-O and ICECAP-A based on experienced utility and compares them to current
decision utility weights.

Methods: Data from two cross-sectional samples corresponding to the target groups of
ICECAP-O and ICECAP-A was used in two separate analyses. The utility impacts of
ICECAP-O and ICECAP-A levels were assessed through regression models using a
composite measure of subjective well-being as proxy for experienced utility. The
observed utility impacts were rescaled to match the 0 to 1 range of the existing value
set.

Results: The calculated experienced utility values were similar to the decision utility
welghts for some of the ICECAP dimensions but deviated for others. The largest
differences were found for weights of the ICECAP-O dimension enjoyment and the
ICECAP-A dimensions attachment and autonomy.

Conclusions: The results suggest a different weighting of ICECAP-O and ICECAP-A
levels if experienced utility is used instead of decision utility.
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Valuing ICECAP states based on experienced utility
Introduction

The allocation of scarce healthcare resources is an important and difficult task for health
care decision-makers. In that context, the costs and benefits of competing healthcare
interventions are increasingly compared with each other. Typically, such comparisons
are supported by health technology assessment, with an important role for economic
evaluations.*® In the healthcare decision making context, the latter often takes the form
of a cost-utility analysis in which costs are expressed in monetary terms, while benefits
are expressed in terms of quality-adjusted life-years (QALYs). Health-related quality of
life is commonly measured by generic multi-dimensional instruments like the EQ-5D.
Health states are then valued using utility weights to create an index score anchored at
0 (dead) and 1 (full health).546

However, it has been questioned whether maximising health, as captured in
QALYs, is an appropriate representation of society’s values concerning health care,!®
or the appropriate objective in all areas of health care.?* The benefits of health care in
many situations are not limited to health alone. In palliative and elderly care for
example, health improvement might not even represent the (primary) aim of
interventions.!®?° Interventions in these areas may be targeted at increasing well-being
rather than health. This implies that (part of) the benefits of interventions may not be
appropriately captured when using traditional health-related quality of life measures.

The increasing awareness of this issue has led to the development of instruments
that allow for a more complete evaluation of health care interventions. Two prominent
outcome measures are the ICEpop CAPability measure for Older people (ICECAP-O)
and the ICEpop CAPability measure for Adults ICECAP-A). The ICECAP-O was
developed for assessing the capability well-being of older people (65+).2% The
instrument consists of five attributes, namely (i) attachment, (ii) security, (iii) role, (iv)
enjoyment, and (v) control. Capability in each domain is measured using four levels.
The ICECAP-A instrument aims to measure capability well-being in the general adult
population (18+), using five dimensions: (i) stability, (ii) attachment, (iii) autonomy, (iv)
achievement, and (v) enjoyment.?* The validity of ICECAP-O**° and ICECAP-AS50-52
have been studied with generally favourable results, with the caveat that the ICECAP-
O may not fully capture physical health.5

For use in economic evaluations, multi-dimensional instruments like the ICECAP-
O and ICECAP-A do not only require a descriptive system of health or well-being
states, but also a valuation or weighting of those states. This weighting allows measured
states to be expressed on a 0 (worst well-being state described with the instrument) to
1 (best well-being state described with the instrument) scale. One option to calculate
such a set of weights (or tariff) is using general population preferences.*® The current
tariffs for ICECAP-O and ICECAP-A were obtained from representative samples from
the respective target populations using best-worst scaling experiments.®*%* These
types of experiments elicit preferences by asking people to imagine being in particular
states, which they do not experience themselves. The obtained preference weights,
therefore, are based on ex-ante or decision utility.
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A much debated question is whether decision utility is the appropriate basis in the
context of valuing health or well-being states or whether weights should be derived
from people's experience of health and well-being states (experienced utility).27% A
key advantage of using experienced utility is that weights need not be based on
choices in relation to hypothetical state descriptions, but can be based on the actual
experience of the valued health or well-being states. Arguably, this leads to a better
understanding of the effect a health or well-being state on overall quality of life.5
Decision utility and experienced utility can differ substantially, with the valuation of
states involving impaired physical health usually being higher when based on
experienced utility,5%8 possibly due to coping and adaptation.5*-! While both decision
utility and experienced utility have their advantages and disadvantages, they may both
be relevant for decision-makers.?

So far, only tariffs based on decision utility are available for the ICECAP-O and the
ICECAP-A well-being measures. In the large, but heterogeneous literature regarding
experienced utility-based values for health states, summarised by Cubi-Molla et al.
(2018),%8 different approaches to assess experienced health have been proposed,
including the wvisual analogue scale or time-trade-off using the respondent’s
experienced health state. Although our current study aimed to derive tariffs based on
experienced utility for broader well-being states rather than for health states, these
different approaches may be relevant in that context as well, especially in deviating
from deriving preferences for hypothetical states. For our current study, however, we
chose a different, more direct approach to approximate experienced utility, which we
deemed to be more appropriate in the context of broader well-being outcome
measures. The here applied methodology entailed measuring the correlation of well-
being states with subjective well-being (SWB) using regression techniques.®¢ This
approach is derived from the notion that ratings of SWB, or life satisfaction, constitute
an informative approximation of the underling and unobservable construct of welfare
or utility.%® In order to capture current experienced utility, this type of analysis requires
the simultaneous measurement of SWB and the health or well-being instrument. Data
provided by the two already provide relevant information on their own on the current
experienced well-being state. However, combining that information to obtain an
indication of the importance of the instrument’s items in terms of experienced utility is
arguably producing more pertinent and informative data for measuring the impact of
an intervention if one is interested in what dimensions drive the outcome.

The proposed approach has been previously applied to the health state descriptive
systems of EQ-5D-3L and SF-6D using general population®6? and patient data.® Results
indicate that differences between decision utility and experienced utility exist. The
latter, for instance, gives more weight to mental health compared to pain and physical
functioning, arguably because adapting to mental health problems is more difficult.°

This paper describes the development of experienced utility tariffs for the ICECAP-
O and ICECAP-A instruments based on SWB data from two general population samples
from the UK. We compare our results to the existing decision utility tariffs. This
information is valuable for the future use of capability well-being in health economic
evaluations in contexts where experienced and perceived capabilities are expected to
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diverge. We furthermore contribute to the discussion of using experienced or decision
utility in economic evaluations.

Methods

Data

ICECAP-O and ICECAP-A were developed for the measurement of capability well-
being of two different age groups (65+, 18+). Therefore, we used data from two
separate cross-sectional surveys. The survey targeted at the elderly was administered
to a sample of 516 UK citizens aged 70 and above in 2015 and was initially designed to
validate existing well-being outcome measures in the elderly.*5® The adult population
survey was administered to a sample of UK citizens aged 18 to 65 in 2018. This second
sample consisted of 1,373 complete observations. Both surveys were intended to be
representative in terms of age, gender, and education, were conducted online, and
administered by a sampling agency using quota sampling. The analysis of both
instruments followed the same protocol.

Measurement of subjective well-being as proxy for experienced utility

We used SWB data to assess experienced utility. Our datasets contained two widely
accepted SWB measures: Cantril's ladder (CL) and the Satisfaction with Life Scale
(SWLS). CL is a one-dimensional instrument asking respondents where they would
place their life on a ladder ranging from worst possible to best possible life, using a 0
to 10 scale.®® The SWLS is a five-item measure asking respondents to rate statements
like “The conditions of my life are excellent” on a seven-point Likert scale leading to a
range of possible values from 5 to 35.7° While CL has the advantage of being self-
anchored and intuitive, the SWLS, due to its multiple items, has higher reliability and
facilitates better comparisons across individuals.”! No clear gold standard has been
established for SWB measurement.”

Due to the lack of clear guidance and as we did not want to constrain ourselves to
one of the two measurements of well-being, we used a composite measure of both
instruments, calculated as the unweighted averages of CL and SWLS values, which
were rescaled to a 0 to 1 index.

SWLS;+Cantrils Ladder;
2

SWB;= (@
Such a composite measure could arguably be more robust and informative than either
on its own.”? While the two instruments are strongly related, one likely caries SWB
information the other measure does not contain.”® Additionally, combining the results
of two instruments measuring the same concept could reduce the impact of response
errors. To test the sensitivity of our results to the type of SWB measure selected, we
repeated our analyses using CL and SWLS separately.
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Statistical analysis

To estimate the relationship between ICECAP-O and ICECAP-A states and SWB, we
regressed our composite measure of SWB on all levels of the five ICECAP dimensions
for all individuals i. Equation (3) contains the model estimated for the ICECAP-O:

SWB, =B+ AT 51+ SECiBeg; *ROuBro, HENiBry +COuBeo, + SESiBapg i 3)

The terms AT, SE, RO, EN and CO represent the vectors containing all dummy-coded
levels I of the five ICECAP-O dimensions attachment (AT), security (SEC), role (RO),
enjoyment (EN), and control (CO), with the highest levels of the dimensions (e.g., “Ican
have all the love and friendship [ want”) as reference categories. SES is a vector of
variables describing the socioeconomic status of individuals. This vector includes
gender, age, education, marital status, financial situation and wealth, which are
expected to be related to the SWB of individuals.”* The model estimated for the
ICECAP-A is presented in equation (4):

SWB;=By+STuBar +ATuB ap~ AULB sy ACP 3+ ENiBrpg +SES:Beps 1 4)

ST, AT, AU, AC and EN are vectors, which contain the dummy-coded levels I of the
ICECAP-A dimensions stability (ST), attachment (AT), autonomy (AU), achievement
(AC), and enjoyment (EN), with again the highest levels of capabilities as reference
categories. SES, the vector of socioeconomic variables, consists of the same variables
as in the ICECAP-O model, except for replacing wealth with income, which seems
more appropriate in a working-age population sample.

Equations (3) and (4) were estimated using ordinary least squares (OLS), assuming
cardinality of the composite SWB values, an assumption that has been shown to hold
for the type of SWB measures used in this analysis.®® To account for the censored nature
of the SWB values (0 to 1), Tobit models were also tested. The coefficient estimates
were largely similar to the OLS results, but the models were inferior concerning model
fit. Functional form specifications of control variables followed model fit. A reduced
model only including ICECAP level dummies was estimated to test the robustness of
ICECAP-level coefficients to model specification. Given that levels within domains have
anatural order, we subjected the model to monotonicity constraints if regression results
produced illogical ordering in the level coefficients. In contrast to related studies,®® a
dummy variable indicating the worst level in any dimension was not included in the
presented analysis, as the variable was not significant (p=0.571 and p=0.809) and did
not influence coefficient estimates in either ICECAP-O or ICECAP-A regressions.
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Calculation of tariffs

The coefficient estimates of the full models were used to construct the value sets. As
the highest levels of ICECAP dimensions were taken as the reference categories in the
OLS regressions, the coefficients of ICECAP-O and ICECAP-A levels represent the
disutilities experienced due to being in a particular, lower capability state. The
disutilities were linearly rescaled to a 0 to 1 range by summing up the level four
coefficients, linearly extending these coefficients to sum up to 1, and multiplying the
remaining coefficients with the same factor. Standard errors of the rescaled disutilities
were calculated by bootstrap estimation, drawing samples with replacement, and
repeating the regression and rescaling steps, setting the number of bootstrap
replications to 500. To test whether the disutilities were significantly different to the
corresponding values based on decision utility, t-statistics were obtained using the
calculated standard errors. The t-tests did not account for the uncertainty in the decision
utility weights, as their standard errors were not reported.®*#? In a final step, the
disutilities were reverse coded (e.g. the reference level was changed from ‘completely
independent’ to ‘unable to be at all independent’) to generate utility values with the
utility of ‘no capabilities’ being defined as 0 (state 44444) and full capability defined as
1 (state 11111). Descriptive analysis, regressions, rescaling, and bootstrapping were
performed using STATA 15.0 (Stata Corp. 2018. Stata Statistical Software: Release 15.
College Station, TX: Stata Corp LP). Data and STATA code can be made available upon
request from the corresponding author. The disclaimed funding source had no role in
the study.

Table 1: Life satisfaction, capabilities, and background characteristics of samples.

ICECAP-O data ICECAP-A data

Male 53.7% 48.2%
Mean age (SD) 75.1 (4.97) 42.9 (13.7)
Finished tertiary education 45.2% 45.4%
Married 60.1% 59.5%
Make ends meet

With great difficulty 4.3% 8.0%

With some difficulty 26.2% 37.8%

Fairly easy 42.3% 40.0%

Easily 27.3% 14.2%
Median household wealth £717,500
Median household income per month £ 2,250
Mean Cantril’s Ladder score (SD) 0.70 (0.19) 0.64 (0.20)
Mean SWLS score (SD) 0.63 (0.22) 0.52 (0.24)
Mean composite SWB score (SD) 0.66 (0.19) 0.58 (0.21)
Mean ICECAP-O/-A score @ (SD) 0.81 (0.15) 0.75 (0.20)
N 516 1,373

Note: SD, Standard deviation; SWLS, Satisfaction With Life Scale. @ Using current
decision utility value sets.
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Results

Descriptive analysis

Table 1 reports on the characteristics of the two samples used for our analysis. The
calculated means of CL, SWLS, and the composite SWB measure suggest that the senior
population had a higher overall subjective well-being than the sample with people
aged 18-65. This result was in line with previous findings.” The composite SWB
measure naturally averaged out differences between CL and SWLS and had a mean of
0.66 (SD 0.19) and 0.88 (SD 0.21) for the ICECAP-O and ICECAP-A datasets,
respectively.

Figure 1 shows the distributions of selected levels per ICECAP-O and ICECAP-A
dimension in both data sets. Dimensions with the lowest level of capabilities were
security and enjoyment for the ICECAP-O and stability and achievement for the
ICECAP-A. In all dimensions, the lowest levels of capability were only selected by
between 1.6 and 8.0% of respondents.

ICECAP-O
% 100
m B B JE
60
40
20
0
Attachment Security Role Enjoyment Control
ICECAP-A
% 100 =
80 D D
60
40
20

0

Stability =~ Attachment  Autonomy Achievement Enjoyment

lowest [T highest

Figure 3: Distribution of selected capability levels per dimension in the two samples.
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Results from OLS regressions

The estimation results of the impact of the ICECAP-O and ICECAP-A levels on SWB are
presented in Tables 2 and 3. The tables contain both reduced models with only ICECAP
levels in column (I) and full models including control variables in column (II). Adding
control variables to the two models only slightly changed the size of the ICECAP
coefficients, while the improvements in R? values from 0.628 to 0.647 and 0.630 to 0.656
were small.

The intercept coefficients for the reduced ICECAP-O and ICECAP-A models did
not reach 1 (0.868 and 0.817, respectively), signalling that although capabilities
describe a considerable part of SWB, full capability does not imply full SWB. On the
lower end of the scale, no capabilities (ICECAP profiles 44444) correspond to SWB of
0.143 and 0.117, respectively. Both instruments, therefore, roughly described 70% of
the spread of possible SWB values.

In the full ICECAP-O model (), shown in Table 2, all ICECAP-O levels were
significant at the 5% level, except for the role dimension and the second level of the
security dimension. The coefficient of the role 2 variable, i.e., role domain, answering
level 2, was positive (0.004), although insignificant. To obtain consistently logical
orderings we reran the regression, constraining the role 2 variable to be zero using the
STATA command cnsreg. Imposing this constraint only marginally changed the overall
coefficients. Being married and having a better financial situation had the expected
positive relationship with SWB.* For ease of comparison, columns IV and V in Table 2
list the rescaled experienced disutilities of ICECAP-O levels based on SWB data, as
well as the decision disutilities from the above-mentioned tariffs, changing the
reference category from level 5 to level 1. As column VI shows, the disutilities of the
enjoyment levels were larger when calculated based on experienced utility. Further
significant differences were found in a lower disutility for level 2 in the security
dimension and a higher value for level 3 in the control dimension.

In the full ICECAP-A model (II), shown in Table 3, adding controls changed the
coefficients of the capability levels slightly. In this model, the three levels of the
autonomy dimension, levels 2 and 3 of the attachment dimension, and level 2 of the
achievement dimension were not significant on the 5% level. The attachment levels 2
and 3 were significant in the reduced model (1), but their effect was partly absorbed by
adding the controls (coefficients changed from -0.020 to -0.014 and -0.033 to -0.024 for
levels 2 and 3, respectively). Being female, married, and having less financial hardship
all had the expected significant positive relationship with SWB.* Comparison of
disutilities based on decision and experienced utility (IIl & IV) using t-tests revealed
sizable and significant differences in all ICECAP-A dimensions except for the
achievement dimension (V). Higher experienced disutilities were found for the stability
and the enjoyment dimensions and lower experienced disutilities for the attachment
and autonomy dimensions compared to the values based on decision utility.
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Appendices A and B contain results from regressions including CL and SWLS
separately, instead of a combination of the two SWB measures. The composite score
levels out the differences between CL and SWLS coefficients, which were highest in the
ICECAP-O dimensions security and role and the ICECAP-A domains attachment and
autonomy. The differences in regression results were, in general, more prominent for
the ICECAP-O calculations. Fewer instances of illogical orderings, fewer insignificant
levels, and higher explanatory power of the models were observed when applying the
composite SWB measure.

Value sets of ICECAP-O and ICECAP-A

The value sets based on experienced utility are presented in Table 4. The coefficients
of the ICECAP levels were used for calculating the tariffs regardless of their level of
significance. Analogue to the previously described findings, the largest differences
compared to existing decision utility tariffs were found in the ICECAP-O dimension
enjoyment and the ICECAP-A dimensions attachment and autonomy. The latter two
received considerably smaller weights. Applying these experienced utility tariffs to our
data, changed the mean ICECAP-O utility value from 0.814 (SD 0.150) to 0.716 (SD
0.217), and the mean ICECAP-A from 0.748 (SD 0.202) to 0.656 (SD 0.238). The
difference in means for the ICECAP-O can primarily be attributed to the considerably
lower weights for enjoyment 2 and enjoyment 3 levels, which were selected by around
15% ofrespondents (Figure 1). The differences for the ICECAP-A partly had their origin
in the lower values for level 1 of attachment and autonomy dimension, which
represented the most frequently chosen highest capability levels in the data (Figure 1).
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Table 4: Experienced utility tariffs for ICECAP-O and ICECAP-A.

ICECAP-O ICECAP-O ICECAP-A ICECAP-A
EU tariff DU tariff 2 EU tariff DU tariff

Attachment 1 0.241 0.2535 Stability 1 0.351 0.2221

Attachment 2 0.182 0.2325 Stability 2 0.257 0.1918
Attachment 3 0.109 0.1340 Stability 3 0.098 0.1013
Attachment 4 0.000 -0.0128 Stability 4 0.000 -0.0008
Security 1 0.193 0.1788 Attachment 1 0.095 0.2276
Security 2 0.169 0.1071 Attachment 2 0.072 0.1890
Security 3 0.074 0.0661 Attachment 3 0.056 0.0964
Security 4 0.000 0.0321 Attachment 4 0.000 -0.0239
Role 1 0.146 0.1923 Autonomy 1 0.041 0.1881

Role 2 0.146 0.1793 Autonomy 2 0.028 0.1560
Role 3 0.089 0.1296 Autonomy 3 0.021 0.0836
Role 4 0.000 0.0151 Autonomy 4 0.000 0.0063
Enjoyment 1 0.195 0.1660 Achievement 1 0.255 0.1811

Enjoyment 2 0.112 0.1643 Achievement 2 0.228 0.1588
Enjoyment 3 0.011 0.1185 Achievement 3 0.142 0.0909
Enjoyment 4 0.000 0.0168 Achievement 4 0.000 0.0210
Control 1 0.225 0.2094 Enjoyment 1 0.259 0.1811

Control 2 0.165 0.1848 Enjoyment 2 0.170 0.1540
Control 3 0.016 0.1076 Enjoyment 3 0.035 0.0693

Control 4 0.000 -0.0512 Enjoyment 4 0.000 -0.0026

Note: EU, experienced utility; DU, decision utility. 2 From Coast et al. (2008) * From
Flynn et al. (2015).

Figure 2a shows the positions and ICECAP index values of four ICECAP profiles on the
respective 0-1 scale applying the two value sets. Index scores based on experienced
utility are positioned to the left of decision utility scores. The largest differences
between the value sets within the four exemplary ICECAP profiles was found for a
change from the ICECAP-O state 44444 (no capabilities) to the ICECAP-O state 33333,
which increased the utility score from O to 0.556 using the decision utility tariffs and
from O to 0.299 using experienced utility tariffs (i.e., a difference of 0.257). Figure 2b
plots ICECAP index values for all observations used in this analysis, with experienced
utility values on the x-axis and the decision utility values on the y-axis. These
comparisons show that the differences between index values using the two sets of
weights are more pronounced for lower utilities and that the discrepancy was larger
for the ICECAP-O values.
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Discussion

Summary and context of results

The capability instruments ICECAP-O and ICECAP-A have the potential to broaden the
evaluative space of economic evaluations of health care interventions. Levels and
dimensions of instruments like the ICECAP-O and ICECAP-A have to be weighted to
determine a single utility score that can be used as a measure of benefit in cost-utility
analyses.*® These weights should ideally reflect what matters most to people and can
be based on decision utility or experienced utility. This choice is not neutral, as
resulting values sets can differ,®” as they do here. While tariffs based on decision utility
are available for ICECAP-O and ICECAP-A, this was not yet the case for experienced
utility. Therefore, we developed these, by directly assessing well-being capability
values based on their impact on SWB using regression, interpreting life satisfaction as
(a proxy of) experienced utility. This is different from approaches often taken in the
related literature on self-rated experienced health, due to the broader nature of the
ICECAP-instruments.?®

Differences between the existing decision utility tariffs and the here derived tariffs
in general are smaller for the ICECAP-O than for the ICECAP-A value sets. A surprising
finding was the positive coefficient of the role 2 variable in comparison to role 1, which
represented the highest level of capabilities in that domain. However, the coefficient
was small (0.004) and not significantly different from zero. This finding may merely
indicate little difference between level 2 and level 1 in that specific ICECAP-O
dimension in terms of experienced utility. The largest differences in ICECAP-O value
sets were found in the enjoyment dimension. In the ICECAP-A value set, the weights of
the attachment and autonomy dimensions were considerably smaller than the decision
utility weights, while stability and enjoyment dimensions received higher weights.

The observed differences could originate from various aspects. For instance, it
could be that respondents performing decision utility exercises overestimate the
impact of a specific capability domain on their utility. When occurring in real life, the
impact on experienced utility may be smaller, for example, due to easier adaptation .57
Moreover, we observed relatively few people with poor capability in the attachment
dimension, which may have reduced statistical power. Finally, loss of autonomy may
often occur jointly with other reductions in capability, so that parts of its impact is
already captured through other dimensions, which may be more pronounced in
experienced utility than in decision utility where respondents need to consider the
separate domains. One could also speculate that for some individuals SWB may be
negatively related to autonomy as a higher level of independence might be indicative
of lacking close relationships or attachment. However, we found no support for this
hypothesis in our data, as we observed a positive, significant correlation between
autonomy and attachment dimension (r=0.25, p<0.001).

To our knowledge, our study was the first to analyse the differences between
valuations of capability states based on ex-ante decision utility and experienced utility.
The existing literature on using the latter to value health states, namely of EQ-5D-3L and
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SF-6D, shows that the estimates of the impact of specific dimensions can differ
substantially between the two approaches,®7%7 especially for mental health problems
(e.g. EQ-5D dimensions anxiety and depression). The impact of mental health
problems on quality of life is much smaller when based on decision utility than when
based on experienced utility. One study, using experienced utility, even estimated the
impact of mental health problems to be about ten times larger than the impact of
mobility constraints, while these dimensions typically have similar impacts in existing
tariffs based on decision utility.®” In that context, the discrepancies between decision
and experienced utility tariffs found in our study were relatively small, in particular for
the ICECAP-O.

We also emphasise that the ICECAP-O and ICECAP-A levels explain a
considerably larger share of the variation in SWB (R-squared of 0.63 and 0.63) than EQ-
5D or SF-6D in a previous analysis (e.g. 0.30 and 0.42 in %). The level coefficients
furthermore describe a wider spread of possible SWB values than has been reported
for EQ-8D and SF-6D in a similar analysis.?® Both are indications that the ICECAP
measures indeed capture broader quality of life than just health-related quality of life.

A novelty in the approach used here is that, instead of using a single one-
dimensional life satisfaction score as a proxy for SWB and experienced utility, we
constructed a SWB measure based on two well-established measures. When
replicating our analysis using the measures separately (see Appendices A and B), we
obtained similar coefficients, but the composite measure performed better than the
separate measures regarding logical orderings, significant levels, and overall model
fit. The use of the composite score appeared to average out differences between SWB
measures and may be seen to provide a broader indication of SWB, potentially superior
to using the measures separately.

An important issue worth mentioning here, although beyond the scope of the
current paper, is that of anchoring the value set. As mentioned, the here presented
ICECAP tariffs range from the worst state described by the instrument (i.e., no
capabilities, state 44444) to the best state described by the instrument (i.e., full
capabilities, state 11111). Hence, the tariffs are not anchored to the state of being dead
(sometimes seen as a ‘matural zero’, in particular for instruments measuring health).
This approach is in line with the scoring of the decision utility weights of the ICECAP,
which were not anchored on the state of being dead either.?*#? This makes it unclear
how that state of being dead would relate to the scale used here, and marks a clear
difference with much of the QALY literature, where anchoring to the state of being dead
constitutes a central concept.?® In general this remains an understudied topic in well-
being research and deserves attention in the future.

Limitations

While general limitations and caveats of the chosen analytic approach are discussed
elsewhere, %777 we have to acknowledge the following limitations specific to our study.
First, the data used for this study was obtained through online surveys of existing
panels. Individuals participating in such online panels might differ from the general
population, especially in the elderly. Second, our analysis is based on samples with

38



Valuing ICECAP states based on experienced utility

modest sizes (516 and 1,373), which, for instance, lead to relatively low numbers of
observations in the lowest levels of capabilities (Figure 1). Our calculations depend on
the discrepancy between coefficients of the lowest and the highest levels. Therefore,
our results may be influenced by a limited number of observations regarding particular
states.

Furthermore, potential endogeneity issues in our models also deserve emphasis.
A reverse causal relationship between health and SWB has been shown to exist.” It is
not unlikely that this also the case for capability well-being, although future research
using longitudinal or experimental data needs to confirm this. Our results could further
be biased by omitting variables relevant to SWB. Our dataset did not include variables
capturing personality traits, social environment, or community involvement. All of these
can be important predictors of SWB and likely to be correlated with the level of
capability well-being, or their perception by individuals.”

Lastly, the approach we applied here, is based on preferences and utility, which
may, to some extent, conceptually be considered to be at odds with adopting the
capability approach. Amartya Sen, who developed the capability approach, explicitly
rejected the (exclusive) focus on emotional responses to states to determine their
value, for instance arguing that preferences adapt to circumstances and are prone to
psychological biases and effects.®® Nevertheless, the previously established ICECAP
tariffs were also based on preferences as at present there seems to be no feasible and
superior alternative approaches in valuing capability well-being states.334

Implications

The here estimated utility weights share a fair degree of similarity with the decision
utility weights, and more so for the better capability states than for the worse states (see
Fig 2b). This creates some confidence that the chosen approach produces relevant
valuations and deserves further attention. Nonetheless, aggregating the weights into
specific states can produce significant differences between the two value sets (see
Figure 2a). We do not know to what extent these differences result from the different
measurement approaches or the different concepts that were measured (experienced
versus decision utility). This also implies that it is unknown how the here obtained
estimates relate to ‘true’ (unobserved) underlying experienced utilities - which is also
true for the existing decision utility value set. Future research could investigate and
disentangle these issues further.

We reported the differences in the mean ICECAP scores applying the different
tariffs (see Results section) and in contrast to previous analyses for health found that the
utility levels of individuals are lower when applying experienced rather than decision
utility tariffs. Future studies could investigate this interesting result further, preferably
in larger datasets and among patients, as one possible explanation for the current
finding is that it may be driven by relatively few observations of very poor ICECAP
states (see Figure 1). Furthermore, these differences and their implications should be
interpreted with caution as they represent different constructs. Experienced utility
incorporates coping and adaptation to well-being states,®! which decision utility
probably does not. The presented tariffs, which were rescaled on a 0 to 1 range, tell us

39



Chapter 2

something about the relative weight of different levels in different dimensions, which as
such can be compared to the relative weights from the decision utility value set.
However, given that both experienced and decision utility relate to different underlying
constructs, it would be inaccurate to claim that a similar absolute change based on the
two tariffs indeed have the same underlying unobserved utility impact. This is because
the utility scales underlying decision and experienced utility are not the same (e.g., due
to adaptation).

Notwithstanding this, the comparison of value sets does highlight that a choice for
either tariff set can have important consequences for evaluations. Applying the tariffs
based on experienced utility would entail putting more weight on some ICECAP
dimensions and less on others when assessing the benefits of an intervention, as
compared to using tariffs based on decision utility. Moreover, the tariffs based on
experienced utility appear to result in a more even spread of the capability states on
the scale. The findings shown in Figure 2a imply that the decision utility tariffs give
much weight to moving people from the worst capability state (44444) to the state with
poor capabilities in all domains (33333), i.e., a gain of 0.556 and 0.442 respectively for
the ICECAP-O and ICECAP-A. The same improvement would be assigned a utility gain
of 0.299 and 0.352, respectively, if the experienced utility tariffs were applied. These
differences might have considerable implications for the assessment of interventions
achieving such a change. Similarly, an improvement from state 22222 to the best
capability state 11111 receives more weight when using the tariffs based on
experienced utility as compared to those based on decision utility: 0.226 versus 0.132
for ICECAP-O, and 0.245 versus 0.151 for ICECAP-A. Such differences highlight the
importance of an informed choice on which tariffs to use to inform allocation decisions.

As this is to a large extent a normative choice, we advocate applying the here
presented experienced utility-based tariffs alongside the decision utility-based tariffs
for the UK context, as knowledge about the actual SWB impacts of experiencing certain
states can be useful complementary information for decision making.%? We do advocate
more research to confirm the validity of the here derived sets in that context. In general,
the application of ICECAP measures as substitutes for or complements of health-related
quality of life measures in different contexts requires further research.

Furthermore, we recommend broader use of SWB valuation approaches and
presenting experienced utility as well as decision utility impacts of interventions where
available and relevant. Moreover, in cases where obtaining a value set based on
decision utilities is (too) difficult or costly, the here used approach may be a reasonable
and relatively straightforward alternative to produce relevant valuations of health or
well-being states.

Conclusions

Concluding, our analysis showed that calculating value sets for the ICECAP-O and
ICECAP-A instruments based on experienced utility using SWB data is feasible and that
the obtained weights to some extent differ from the weights previously obtained based
on decision utility. This difference generates insights for policymakers in the context of
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the application of ICECAP-O and ICECAP-A as well as experienced and decision utility
In economic evaluations.
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Chapter 3
ADbstract”

To appropriately weight dimensions of quality-of-life instruments for health economic
evaluations, population and patient preferences need to be elicited. Two commonly
used elicitation methods for this purpose are discrete choice experiments (DCE) and
case 2 best-worst scaling (BWS). These methods differ in terms of their cognitive
burden, which is especially relevant when eliciting preferences among older people.
Using a randomised experiment with respondents from an online panel, this paper
examines the cognitive burden associated with colour-coded and level overlapped
DCE, colour-coded BWS, and ‘standard’ BWS choice tasks in a complex health state
valuation setting. Our sample included 469 individuals aged 65 and above. Based on
both revealed and stated cognitive burden, we found that the DCE tasks were less
cognitively burdensome than case 2 BWS. Colour coding case 2 BWS cannot be
recommended as its effect on cognitive burden was less clear and the colour coding
led to undesired choice heuristics. Our results have implications for future health state
valuations of complex quality of life instruments and at least serve as an example of
assessing cognitive burden associated with different types of choice experiments.

“The online version of this article (https:/doi.org/10.1016/.jocm.2020.100265) includes
an appendix with materials relating to appendices B and C in this chapter.
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Cognitive burden of choice experiments among older people
Introduction

Developments like ageing populations and rapid advances in medical technology
create challenges for budgets of publicly funded health care systems.? Policy makers
increasingly have to decide about which health care services to include in the basic
benefits package, which should only be made available to certain subpopulations, and
which should not be funded at all. Health technology assessment (HTA) generates
valuable insights to support this decision-making process, using tools like cost-utility
analysis. There, the benefits of health technologies are typically expressed in the
amount of (health-related) utilities they produce. These utilities are calculated based on
data from generic, multidimensional quality of life instruments, and a weighting
algorithm for the levels of the dimensions based on population or patient preferences.
The use if these instruments allows calculating health benefits in terms of Quality-
Adjusted Life-Years (QALYs), a common metric in cost-utility analyses combining
length and quality of life.*® Given that health and social care, for instance aimed at older
persons, may affect more than health-related quality of life alone, more recently,
broader well-being measure have been developed.®' These facilitate cost-utility
analyses with a broader scope in terms of relevant outcomes but require obtaining
preferences for different ‘well-being states’.

The measurement of population and patient preferences in health care is a rapidly
developing field, with a plethora of qualitative and quantitative methods to the disposal
of researchers and practitioners.? One of the most popular methods over the last
decade was the discrete choice experiment (DCE). Increasingly, population and
patient preferences in health care are obtained using DCEs.®! The ‘standard’ DCE
entails asking respondents to choose between two or more alternatives®? and is widely
used for weighting quality of life instruments (Mulhern et al., 2018).%° Generating such
weilghts is also called 'health state valuation'. Another preference elicitation approach
that gained traction over the last years also in this context, is best-worst scaling (BWS).
There are three different forms of BWS — object case, profile case, and multi-profile
case. The following will focus on profile case, or also called case 2 BWS, where
individuals have to select a best and a worst option from a list of dimension levels or
items.® Case 2 BWS was applied to value different quality of life instruments before.®
This includes the ICECAP-O, a well-being measure specifically aimed at older
people.®

While both DCE and BWS provide numerical estimates of the relative importance
of the different levels and dimensions of the respective quality of life or well-being
instrument, previous research directly comparing DCE and BWS has shown that the
choice between these approaches is not neutral as resulting preference estimates can
differ.85 According to a recent review comparing DCE and BWS, there seems to be no
conclusive evidence yet on which of the methods should be preferred in terms of the
validity of the estimates.®® Both methods assume different choice processes and
ultimately may be seen to answer more or less subtly different questions. Some
researchers prefer DCEs because the modelled choice processes have a strong
theoretical foundation in random utility theory.8? Providing choices between multiple
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alternative profiles can also be considered as a more realistic way of the decision-
making process compared to selecting a best and worst option from a list of items. On
the other hand, some argue that profile case BWS is to be preferred as it is a more
efficient way of collecting data compared to DCE since each task entails two choices.
Moreover, cognitive burden of BWS tasks may be lower, since individuals only need to
focus on one set of attributes and levels in each choice task, compared to multiple in
DCEs. Some specifically claim that it would be recommendable to choose case 2 BWS
if DCE tasks are considered to be too burdensome.?88 However, Whitty and Oliveira
Gongalves (2018) conclude that there is no clear evidence for an advantage of BWS
regarding participant acceptability in terms of feasibility of administration or response
efficiency. The response efficiency, that is, the cognitive burden associated with choice
tasks, is important as it influences choice consistency, respondent fatigue and the use
of simplifying choice heuristics,® which could subsequently influence the validity of the
preference estimates.

Due to the ageing of the population, the need for economic evaluations of health and
social care services targeted at older people can be expected to increase. This makes
accurately measuring and weighting quality of life dimensions in this population very
important, and choosing the appropriate methodology to do so, all the more relevant.
Additionally, since there is a large variation in the level of cognitive abilities within older
people, the design of choice experiments for this population should especially be wary
of the complexity and subsequent cognitive burden of the choice task format in order
to enable obtaining valid and reliable responses.®! Measuring and weighting quality of
life or well-being outcomes inaccurately may ultimately lead to sub-optimal policy
recommendations for resource allocation to health or social care services aimed at
older people.

Specific evidence about the cognitive burden of DCE and case 2 BWS in the context
of valuing quality of life measures among older people is lacking. Therefore, the main
aim of this study was to assess the cognitive burden and incidence of simplifying choice
heuristics in DCE and case 2 BWS choice tasks among older people in this context.
Another aim was to test the impact of the use of colour coding on the cognitive burden
and choice behaviour of case 2 BWS tasks, which has been assessed for DCEs before.®

Methods

We set up a randomised experiment with three study arms to examine the cognitive
burden and choice behaviour attached to three respective choice task formats for
valuing a quality-of-life instrument: a colour coded DCE, a case 2 BWS and a colour
coded case 2 BWS. In the remainder of the paper, BWS refers to case 2 BWS. The
quality of life measure used in the experiment was the recently developed Well-being
of Older People instrument (WOOP).*? Examining the cognitive burden of a valuation
task is especially important in the context of this new instrument for measuring the
general/overall quality of life of older people: First, the WOOP consists of nine
dimensions with five levels each, which requires complex choice tasks. Second, as
preferences should be based on an older population, cognitive burden is of special
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relevance. The profiles shown to respondents in both DCE and BWS tasks
corresponded to well-being states, described using the nine dimensions of the WOOP
(i.e., physical health, mental health, social life, receive support, acceptance and
resilience, feeling useful, independence, making ends meet, living situation). Chapter
4 contains an updated version of the full descriptive system of the WOOP, with some
formulations differing slightly compared to the version used in this study.

In designing the choice tasks and their visual representation, we followed
methodological work on the use of colour coding and level overlap in DCEs aimed to
reduce task complexity.®>9% To enable a more direct comparison and to test the
impact of colour coding on task complexity in BWS, which has not been studied before,
the randomised experiment included a colour coded BWS and a regular BWS.
Important to note here is that the design was generated to test the cognitive burden
and choice behaviour of older people, not to provide model estimates for the different
methods. Due to the large descriptive system of the WOOP, this would have required
estimation of 36 parameters in the DCE and 45 parameters in the BWS, and a much
larger sample size. While a comparison of model estimates would have been
interesting, this was not our current research aim.

Survey structure and randomization

The structure of the experimental survey is shown in Figure 1. First, respondents were
asked to complete the WOOP instrument to become familiar with its dimensions and
levels. Afterwards, they were randomized 1:1:1 to the three study arms: colour coded
DCE (1), colour coded BWS or BWSc (2), and regular BWS (3). The randomization was
preferred over having the same respondents completing both DCE and BWS tasks, to
have avoid the different parts of the experiment influencing each other and to stay as
close as possible to standard DCE and BWS experiments. Furthermore, two full sets of
valuation tasks per respondents were considered to be too burdensome. Respondents
were familiarized with the presentation of well-being states in the subsequent
experiment by showing them their own profile in DCE or BWS format based on the
answers they previously gave to the WOOP instrument. The choice task formats were
introduced by a simple DCE or BWS task, where participants had to select between
two types of fruits or chose the best and worst type of fruit from a list. The second part
of the warm-up comprised of a choice task, as used in the subsequent experiment,
providing further instructions. Subsequently, a block of six choice tasks was
administered, followed by two simple break questions on an unrelated topic to interrupt
the monotony and reduce respondent fatigue of answering the choice tasks. Then, a
second block containing seven tasks concluded the randomized part of the
questionnaire, leading to a total of 13 choice tasks per respondent. All respondents
subsequently had to fill in three blocks of evaluation questions on a 5-point Likert scale,
before providing some sociodemographic information at the end of the survey.
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Figure 5: Survey sturcutre and experimental arms

Survey administration and participants

The survey was programmed using Sawtooth software version 9.7.2 (Sequim, WA). We
used Prolific.co to recruit survey participants, a platform for online subject recruitment
specifically for research purposes.®® Given our aim to assess the cognitive burden of
the choice tasks in a sample of older people, being aged 65 or above was used as
inclusion criteria (which is also the target population of the WOOP). Since this age
group was underrepresented in the online panel, we had to combine respondents from
the two largest country panels of Prolific.co, UK and U.S. residents, to obtain a
reasonably sized sample. At the time of data collection, in October 2019, the potential
respondent pool contained around 1,000 individuals. Using quota sampling, we aimed
for 150 respondents for each of the three study arms. Respondents received a
monetary compensation for participating, which was oriented on the mean completion
time and averaged to an aggregated hourly reward of £7.62. To test the functionality of
the survey and whether respondents understood the choice tasks, six think-aloud
interviews with UK residents aged 65 and above were conducted (two per study arm)
prior to the main data collection. These interviews showed that participants understood
and appropriately engaged in the choice tasks (i.e., traded-off or considered multiple
items).
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Experimental design of DCE and BWS

Attributes and levels in the DCE and items of the BWS were based on the dimensions
and levels of the WOOP instrument (see Chapter 4). This created a rather complex
DCE setup with nine dimensions with five levels each and a BWS instrument with 45
items. WOOP well-being states were consequently defined by selecting one of the five
levels from each of the nine dimensions for both DCE and BWS. In the DCE,
respondents were repeatedly presented with two well-being states and asked to
indicate, which of the two they preferred. An opt-out option was not included as this is
uncommon in DCEs for health state valuation . In the BWS, a list of nine well-being
items corresponding to one well-being state was shown to respondents. Participants
then had to select the aspect that they most preferred (best) and the aspect that they
least preferred (worst). ‘Most’ and ‘least’ is one of the options that are used for
describing a best and worst choice.®® ‘Most’ and ‘least’ may have a slightly different
interpretation than ‘best’ and ‘worst’, but this should not have an impact on cognitive
burden.

To ensure that the choice tasks had a similar level of complexity compared to a
regular choice experiment, choice tasks were created using standard design
methodology as outlined in the subsequent paragraph. The literature on health related
DCEs specifically targeted at older people was reviewed (in total 22 papers were
studied) to inform the number of choice tasks. The number of choice tasks per
respondent varied between 6 and 16 with a mean of 9.2. We opted to select a number
of choice tasks at the upper end of this range (13) to capture fatigue effects (examples
of this literature are e.g. Arendts et al., 2017; Franco et al., 2016; Milte et al., 2014)%1.97.%
and because we anticipated this might be close to the approximate number in the
actual valuation study of the WOOP.

Ten DCE choice tasks were created applying a Bayesian efficient design
programmed in Ngene design software (Version 1.2.1) and optimized for a conditional
logit, main effects model (online Appendix C contains the utility function) with 36
parameters corresponding to four of the five levels of each of the nine dimensions of
the WOORP instrument. Small priors ranging from 0 to —0.25 were assumed, following
the logical ordering of the WOOP levels. Besides the think-aloud interviews no further
pilot testing was conducted. Level overlap was imposed in five of the nine dimensions
to reduce task complexity, as has been shown by Maddala et al. (2003) and Jonker et
al. (2018).9%% For that purpose, Ngene required a dataset including all possible
candidate sets, i.e. combinations of two health states with five overlapped levels. To
pragmatically reduce this to a feasible number, 5,000 out of the 1,953,125 possible
health states were randomly selected and combined in MATLAB (MathWorks). Out of
the obtained 25 million possible sets, we excluded the ones without the specified
amount of overlap and randomly selected 1,000 sets out of the remaining 386,030
overlapped sets. Ngene was used to select 10 choice tasks out of the 1,000 candidate
sets.
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An orthogonal main effects plan using Sawtooth software version 9.7.2 (Sequim,
WA) was applied to generate 1,000 blocks of 10 choice tasks for the BWS experiment.
Multiple levels from the same WOOP dimension were prohibited to appear in the same
task. Following Flynn et al. (2015),%* to prevent uninformative sets, we reduced the
occurrences of tasks with either only one top or bottom WOOP level by deleting all
versions where this occurred more than 3 times in the 10 tasks. Out of the remaining
18 versions, one version was randomly selected to be used in the experiment.

We selected one of the created DCE and BWS choice tasks to appear as the second
choice task and repeated the tasks at position 8 and 13, to test choice consistency,
adding two choice tasks to the original 10 created tasks. In order to reduce the amount
of noise in the answers, we chose tasks, which were expected to have a certain degree
of utility difference between profiles in the DCE arm or provided somewhat clear BWS
choices (the repeated choice tasks are shown in online Appendix B). When this task
was repeated the second time, the colour coding of the BWS task was intentionally
designed to mislead respondents to assess the dependence on the colour scheme. A
dominant DCE choice task and a BWS task, which was expected to have a clear best
and worst choice were additionally created and added at position 6 to test the attention
level of respondents, adding a third and final choice task to the original ten created
tasks. We decided against including results of this task in the final analysis, as such tasks
are inherently difficult to compare between DCE and BWS.®® The order of the
dimensions (or attributes) was the same for all respondents and fixed for both DCE and
BWS tasks to further reduce task complexity. All respondents received the same 13
DCE tasks in study arm 1. Respondents in study arms 2 and 3 received the same 13
BWS tasks.

Visual presentation of choice tasks

The general visual representation of the choice tasks followed current practice, with
the exception that colour coding was added to the choice tasks in study arms 1 and 2.
Different shades of purple represented the different attribute levels, with the darker
shades of purple highlighting the worse and the lighter shades and light blue
expressing the better WOORP attribute levels in both the DCE and the colour coded
BWS tasks. This type of colour coding was previously used for DCEs by Jonker et
al.,%093% and was found to reduce task complexity as well as attribute non-attendance
and was especially effective in combination with attribute level overlap. The purple
colour scheme was specifically designed to accommodate for the most prevalent forms
of colour blindness. Additionally, shades of purple do not prompt natural or perceived
value judgements, as opposed to for example traffic light colour coding.

Figure 2 shows an example of the layout of the colour-coded (light blue to deep
purple) and overlapped (five out of the nine dimensions) DCE choice task. Level
descriptions of the WOOP instrument (Chapter 4) were shortened for clarity, level
labels were highlighted in bold, and attribute descriptions appeared merely as
mouseovers on the attribute labels to reduce the amount of text. Figure 3 shows
examples of both colour coded and non-colour coded BWS tasks. Descriptions of
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attributes were also included as mouseovers, while the item text contained the full
WOOP level descriptions.

Which of the described well-being states do you prefer, A or B? (10f7)

Physical health
Mental health
Social contacts
Receiving support

Acceptance

Feeling_useful
Independency

Making ends meet

Living situation

Very well able to cope

Feeling very independent

O

\Well able to meet ends

* Positive aspects are light blue and negative aspects are darker purple

* Put the cursor above the underlined items for descriptions

Figure 6: Visual presentation of DCE choice task with colour coding and level overlap.
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Imagine living in this well-being state and select which aspect you would most prefer, and which aspect you
would least prefer. (1 of 6)

Well-being state

I have slight problems with my physical health

1 am very well able to make ends meet

» Positive aspects are light blue and negative aspects are darker purple
» Put the cursor above the underlined items for descriptions

Imagine living in this well-being state and select which aspect you would most prefer, and which aspect you
would least prefer. (1 of 6)

Well-being state L
I am dissatisfied with my social contacts
1 am reasonably satisfied with the support I receive
1 am reasonable able to deal with my circumstances and changes therein
1 feel reasonably useful
1 have slight problems with my physical health
1 have very severe problems with my mental health
1 feel very dependent
I am very well able to make ends meet
1 am dissatisfied with my living situation

* Put the cursor above the underlined items for descriptions

o)(e](e)(e]le)[e]@)[e](@]}
olo|ojolojolo|olo|§

Figure T: Visual presentation of colour-coded and plain BWS choice task.
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Statistical analysis

To assess and compare the cognitive burden and possible choice heuristics associated
with the three formats of choice tasks, three types of data were analysed. First, objective
measures including mean choice task completion time, development of time per task
(assessing learning effects) and drop-out rates were calculated and compared.
Second, mean response scores of the three blocks of debriefing questions on
perceived choice complexity, the number of choice tasks, and choice strategies used,
were obtained. Questions relating to choice strategies were designed to obtain
information on the number of attributes commonly considered during the choice tasks,
relating to the simplifying heuristic know as attribute non-attendance,!® and the level
of trading between choice tasks.

Third, revealed cognitive burden regarding choice consistency and (simplifying)
choice behaviour was assessed based on the actual choices of respondents. This
included calculating the proportion of respondents providing the same answers to the
twice repeated choice task. For the BWS arm, a consistent response was defined as
providing the same answer for either best or worst option, following Krucien et al.
(2017).85 Furthermore, we estimated a lexicographic score, which provides information
on trading between attribute levels and dominant choice behaviour. This score was
obtained also following an approach applied by Krucien et al. (2017): First, the
proportion of choices based on one attribute on an individual level was calculated.
Assuming respondents exhibit dominant preferences for an attribute given proportions
above 90% (DCE) and 50% (BWS), the lexicographic score was obtained by calculating
the proportion of respondents with such preferences.

To test the impact of colour coding on the choice behaviour and strategies in the
BWS study arms, the shares of responses based on top and bottom levels of the WOOP
dimensions were calculated. Additionally, results from the second repeated choice
task, where the colour coding was intentionally misleading, was used to assess the
dependence on the colour scheme.

Statistical significance was assessed using Wilcoxon-rank sum tests for the Likert
scale data (based on recommendations from de Winter and Dodou, 2010)'°! and chi-
squared tests or Fisher exact tests for proportions. A significance level of 10% was used
throughout the analysis. Stata 15 (StataCorp 2017) was used for all calculations.

Results

Sample characteristics, dropouts, and completion time

A total of 477 participants successfully started with the experiment and were randomly
allocated to the three study arms. No respondent dropped out in study arm 1 (DCE).
One of the three dropouts in study arm 2 (BWSc) occurred during the choice tasks and
two afterwards. Of the five respondents dropping out in study arm 3 (BWS), four
dropouts occurred during answering the BWS tasks and one at a later stage. Fisher
exact tests indicated that the difference in total drop-out rates was significantly lower in
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study arm 1 compared to study arm 3 (0% vs. 3.2%, p-value = 0.029). The difference to
study arm 2 was not significant (0% vs. 1.9%, p-value = 0.248).

The characteristics of the remaining sample, split by study arm, are shown in
Table 5. The randomisation led to well-balanced samples regarding most
sociodemographic aspects, health status (EQ-5D-5L) and well-being (WOOP). 63.7%
of the overall sample was younger than 70 years, 34.6% was aged between 70 and 79
years, and 1.7% were aged 80 years and above with 87 years as the maximum age
observed.

Table 5: Main characteristics of analysis sample per study arm.

DCE BWSc BWS
@ () ®

Ageinyears 69.3 69.1 68.9
Female (%) 0.65 0.60 0.62
Years of education 16.1 15.8 15.8
Country of residence: UK (ref. U.S.) (%) 0.57 0.54 0.52
Employed (%) 0.33 0.29 0.28
EQ-5D-8L utilities (0-1) 0.83 0.82 0.82
WOOP (Sum score rescaled to 0-1) 0.81 0.79 0.82
Number of completes (N) 159 158 152

Note: EQ-5D-5L tariff from Devlin et al. (2018).%?

The average time it took respondents to complete all 13 choice tasks was 6.0 minutes
(SD 3.1) for the DCE tasks, 7.6 minutes for the colour coded BWS tasks (SD 4.9) and 7.2
minutes for the standard BWS tasks (SD 4.6). T-tests indicated that choice task
completion time was significantly lower for the DCE tasks compared to the two sets of
BWS tasks (p<0.001 and p= 0.007). Figure 4 plots the mean completion time for each
choice task separated for each study arm. Differences were most pronounced in the
beginning with choice task completion time following a downward trend, likely
resulting from learning effects. Respondents in study arm 1 on average answered each
choice task faster compared to the BWS study arms, except for one choice task.
Differences within the two BWS study arms were less pronounced with the notable
exception of choice task 13, where the colour coding was intentionally misleading.
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Figure 8: Completion time per choice task within each study arm.

Self-reported cognitive burden of tasks and number of choice tasks

Mean response scores of the three blocks of debriefing questions and results from
significance tests comparing the mean scores across study arms are shown in Table 6.
DCE choice tasks appeared to be superior in terms of clarity of the tasks and whether
tasks were comprehensible from the beginning. Respondents found the presented
states easier to image in the BWS tasks, which admittedly confronted participants only
with one well-being state instead of two in the DCE. Colour coded BWS choice tasks
were evaluated to be less clear than non-colour coded BWS tasks.

Results from the second block of questions indicated that participants from the DCE
study arm found the number of choice tasks easier to manage, were more able to stay
concentrated over all choice tasks, and could have answered more tasks, compared to
the BWS study arms, with most differences being statistically significant. Colour coding
the BWS tasks appeared to have a positive effect on the number of choice tasks
participants could handle.
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Table 6: Mean response score of cognitive debriefing questions.
Question on Likert scale DCE BWSc BWS
from 1 to 5 (6=strongly agree) )] @) ®

Self-reported cognitive burden

The choice tasks were clear 4.45TALL 4. 117ALD 4 25TALL
I could easily choose between the alternatives 3.55 3.65 3.62

I fully understood the choice tasks from the beginning 4, 75TALL 4.26™ 4.36™
The tasks got easier after answering several 3177 3.87 3.84

I found some of the presented states difficult to imagine 3.437 2.971 2.847
Number of choice tasks

The number of choice tasks was manageable 4,647 4.54 4.50"
It was difficult to stay concentrated over all choice tasks 1727 1.94 1.927

I could have answered more choice tasks 4 Q7TALL 3.91TALL 3.667AL
Answering another block of six 6 choice tasks would be 4.43TALL 4,197 4,18
manageable

Choice strategies

I compared all dimensions/items before making my 412 417 419
choice

I decided all dimensions/items are equally important 2.86™ 3.00 3.20"

I always used the same 1 or 2 well-being dimensions to 3.04 AL 2.65f! 2.87%

make my choice

Note: fp < 0.10 of Wilcoxon rank-sum test comparing study arms 1, 2, and 3.

Choice strategies and choice behavior

Most respondents strongly agreed with the statement that they compared all
dimensions/items before making their choices, with no significant differences between
study arms (Table 6). There were mixed results concerning the perceived level of
trading and attributes attended comparing DCE and BWS study arms. While DCE
participants agreed to a lesser extent that all dimensions/items are equally important,
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an indication of trading behaviour, they also reported to a larger degree to having
based their decisions on the same 1 or 2 well-being dimensions, which implies some
level of attribute non-attendance.

Table 7 lists results for the analysis of choice behaviour. The lexicographic score
(see section 2.5), was significantly lower in DCE respondents, indicating more trading
and less dominant choice behaviour. In the DCE, dominant preferences were observed
only for the physical health attribute. In the BWS, such behaviour was also observed for
the mental health and making ends meet attributes, with physical health still being the
most prevalent one.

In the DCE study arm, 4.4% of respondents did not provide the same answer to the
repeated choice task, when it appeared again for the first time (position 2 and 8), with
the same colour code. When it was repeated again as the last choice task, that share
was 2.5%. Up to 20% of respondents did not provide either the same best or worst
answer in the repeated BWS tasks. It has to be acknowledged, though that the
likelihood of providing the same answer by chance alone is larger for DCE choice tasks
(50%). When defining consistency as providing the same answer to both best and
worst, this share increased to around 60%. There were no significant differences
between BWS study arms regarding the choice consistency of the first repeated
instance. Almost half of respondents did not provide a consistent best or worst answer
to the repeated BWS choice task, where the colour coding was intentionally misleading
(position 13). This share was 72.8% when defining consistency in terms of selecting the
same best and worst items.

The average individual share of best and worst answer based on either the top and
bottom levels of the WOOP dimensions was between 60 and 75%, with higher values
observed for the colour coded BWS tasks (significant difference for ‘best’).
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Table 7: Revealed choice behaviour

DCE BWSc BWS
) @ ©)

Non-trading/dominant choice
behaviour
Lexicographic score 28.9%TALD 79.1% 80.1%
Choice consistency
% failed a consistent response to 4,4% AL 19.6%" 17.8%"
repeated choice task (1% @
% failed a consistent response to 2.5%® 46.8% 19.1%™
repeated choice task (279) 2
% who did not provide same answer 58.9% 61.2%
for best and worst (1%
% who did not provide same answer 72.8%8 60.5%
for best and worst (2°<)
Focus on top and bottom levels
Mean individual % of choosing level 1 70.5% 59.9%12
as best
Mean individual % of choosing level 5 76.3% 69.4%
as worst

Note: tp < 0.10 of chi-squared tests comparing study arms 1, 2, and 3 (if applicable). 2
For BWS defined as providing either the same best or worst answer. ® Choice task with
intentionally misleading colour coding.

Discussion

To assess the cognitive burden of different types of choice tasks for valuing well-being
states for quality-of-life measures in older people, a randomised experiment was
conducted, allocating respondents to either a DCE, a colour coded BWS, or a regular
BWS format. Our study contributes to the literature by providing empirical evidence on
1) whether DCE or BWS choice tasks are associated with lower cognitive burden in the
context of health or well-being state valuation in an older population sample, and 2)
whether colour coding of BWS tasks affects cognitive burden and to a lesser extent
validity of BWS experiments.
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Finding a lower drop-out rate and lower choice task completion time in the DCE
study arm compared to the BWS study arms implies that, for older people, DCE choice
tasks are less tiring and faster to complete than BWS tasks. Lower completion time was
also observed by van Dijk et al. (2016). In terms of self-reported measures, our results
indicate that the DCE tasks also were perceived as less cognitively burdensome, and
that a higher number of DCE choice tasks was regarded as more acceptable than was
a higher number of BWS tasks. The former has also been reported in related studies in
different contexts.® The latter is especially relevant to consider when thinking about
the number of choices per respondent, and hence the required sample size, when
selecting DCE or BWS format. Finding lower cognitive burden associated with DCE
tasks compared to BWS tasks, in general, is at odds with what has been reported before
by Netten et al. (2012).192 They also compared cognitive burden of DCE and BWS tasks
for valuing a large descriptive system of a quality-of-life instrument, but the design of
their study was fairly different. The authors used cognitive interviewing, a qualitative
approach, in a small sample (N=30), split the DCE task into two parts to reduce the
difficulty of the task and showed both DCE and BWS tasks to respondents. Although it
does not become clear from the paper, whether respondents had to answer full sets of
choice tasks or only one task per method. Whether the difference in findings relates to
the differences in design of the studies, is difficult to say.

In terms of (simplifying) choice strategies and choice behaviour, which co-occur
with larger cognitive burden, our results are mixed regarding the self-reported
behaviour, and less clear cut. We did observe a considerably higher choice
consistency and lower degrees of dominant choice behaviour for DCE respondents,
with their measurement to some degree accommodating for the methodological
differences. However, these results may relate more to artefacts of the type of choice
task and may be unrelated to cognitive burden. As stated also by Whitty et al. (2014),1%
the probability of answering consistently to a DCE task by pure chance is already 50%.
With nine dimensions this probability is much lower (22%) for the BWS task (defined as
providing either the same best or worst answer). Nevertheless, finding that around 60%
of BWS respondents did not provide the same best and worst answers when a choice
was repeated for the first and the second time, is somewhat worrisome on its own. A
higher degree of trading and lower degrees of dominant choice behaviour in DCEs
were also reported in the related literature before with a similar caveat as for analysing
choice consistency.85108

Comparing colour coded with non-colour coded BWS, we found a similar drop-out
rate for both tasks (1.9% and 3.2%, respectively). In the study by Jonker et al. (2018)
(study arms 1 and 2), colour coding of the DCE tasks decreased the dropout rate from
13.9% to 9.8%.%% Further results from the same study set up showed that colour coding
alone did not lead to differences with respect to the self-reported cognitive debriefing
questions.®® Our results for BWS regarding these questions are mixed. While
participants of the colour coded BWS on average agreed to a higher extent that they
could have answered more choice tasks, the non-colour coded BWS choice tasks
appeared to have been clearer to respondents. Given no conclusive evidence on
cognitive burden, and the fact that the colour coding increased the already high focus
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on top and bottom levels of the quality-of-life instrument in the BWS tasks, colour coding
BWS cannot be recommended for health or well-being state valuation studies among
older people.

The overall implications of our analysis must be interpreted considering the
following limitations: First, the rather small sample size did not provide us with enough
statistical power to be able to use several blocks of choice tasks, which then also would
have allowed us to estimate DCE and BWS models. During the design stage, we aimed
for 150 respondents per study arm due to the small overall pool of individuals aged 65
on online platforms. While the choice sets were created according to standard design
methodology, it could be the case that either of the two choice sets is more difficult to
answer in general, irrespective of choice task format, due to smaller utility difference
within the shown profiles. As utility weights for the WOOP are not available yet, it was
not possible to account for that in the selection of choice set. This risk could have been
reduced if multiple blocks would have been used. Related to this, as DCE and BWS
models were not estimated, it was not possible to examine differences in utility weights
and their potential link to cognitive burden.

Second, per online platform rule, the recruitment of respondents involved a
monetary compensation which is rather high compared to standard online panels and
which can be reduced if the researcher is not satisfied with the quality of responses.
While this is a good thing for respondents and their motivation, this led to very low
dropout rates and could have also affected other parts of the analysis. This may reduce
the generalisability of our results to studies in this population using other online panels,
which by now represent the main source of participants for such experiments. A third
caveat of our analysis is that the applicability of our results to the comparison of DCEs
without overlap and colour coding, and BWS is limited. However, the use of level
overlap in similar DCEs as strategy to reduce task complexity seems to be
increasing.!04105

Conclusions

Overall, we found evidence that level overlapped and colour coded DCE choice tasks
are less cognitively burdensome than BWS choice tasks, in a complex health (or, here,
well-being) state valuation exercise among older people. This has implications for
future valuation studies, especially since the complexity of the measures to be valued
seems to increase when moving from health-related to overall quality of life; see, for
instance, the WOOP (Chapter 4), the current plans of the E-QALY project
(https://scharr.dept.shef.ac.uk/e-galy/), or another ongoing study to develop a quality
of life measure for older people.!% Cognitive burden should be an important factor in
deciding about which method to choose for valuing such descriptive systems, but at
the same time, statistical and theoretical aspects need to be considered as well.
Although our results may not be easily generalisable to other topics of study within or
outside health care and to other study populations, our study may at least serve as a
good example of how to assess cognitive burden associated with different types of
choice experiments.
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Chapter 4

Abstract®

Objective: Health economic evaluations using common health-related quality of life
measures may fall short in adequately incorporating all relevant benefits of health and
social care interventions targeted at older people. The Well-being of Older People
measure (WOOP) is a broader well-being measure that comprises nine well-being
domains. The objective of this study was to estimate a utility tariff for the WOOP, to
facilitate its application in cost-utility analyses.

Methods: A discrete choice experiment (DCE) with duration approach was set up and
fielded among 2,012 individuals from the Netherlands aged 65 years and above.
Matched pairwise choice tasks, color-coding and level overlap were used to reduce
the cognitive burden of the DCE. The choice tasks were created using a Bayesian
heterogeneous D-efficient design. The estimation procedure accommodated for
nonlinear time preferences via an exponential discounting function.

Results: The estimation results showed that ‘physical health’ and ‘mental health’, and
‘making ends meet’ were the most important well-being domains for older people,
followed by ‘independence’ and ‘living situation’. Of somewhat lesser importance
were domains like 'social life’, ‘receiving support’ and ‘feeling useful’. The generated
utility tariffs can be used to translate well-being states described with the WOOP to a
utility score between -0.616 to 1.

Conclusions: This study established a tariff for the WOOP, which will facilitate its use
in economic evaluations of health and social care interventions targeted at older
people, first of all in the Netherlands.

* The online version of this article (https://doi.org/10.1016/j.socscimed.2022.114901) contains
supplementary materials relating to appendix tables Al to A3 and figures Al to A2 in this
chapter. The data and code for the analysis presented in this chapter can be accessed through
the Open Science Framework: https://osf.io/ysajr/.
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Introduction

Health care, social care and long-term care spending is increasing worldwide,!%
propelled by the interaction of ageing populations, increased public expectations, and
advances in medical technology.? In high income countries, health care spending in
the age group above 65 years is already two to three times higher compared to
spending in all other age groups combined.!%® Therefore, the efficient use of scarce
care resources, especially within this age group, is crucial. Health economic
evaluations, like cost-utility analyses, are established tools to assess whether care
services are offering value for money and, therefore, are worthwhile investing in. The
results of such analyses guide policy makers in their endeavour to provide the best
possible care from the available budget. So far, cost-utility analyses predominantly use
quality-adjusted life-years (QALYs) as outcome measure, which combine health-
related quality of life (HRQoL) with length of life.*6

Especially in long-term care, social care and end-of-life care, which often aim to
improve (or preserve) quality of life domains beyond health, generic HROoL measures
may fall short of measuring the full benefits of these services.®! As a result, different
well-being measures have been developed that aim to capture these quality of life
domains beyond health.81%-111 However, in developing these measures, lay
perspectives on what is important for the well-being of older people have often been
overlooked,!!? as well as the heterogeneity in older people’s views on what constitutes
well-being.®? Moreover, some of the existing well-being measures are very lengthy
and, therefore, not well-suited for self-completion. Most also lack a utility tariff to reflect
the relative importance of their domains to overall well-being.® While measures like
Adult Social Care Outcomes Toolkit (ASCOT) and the ICEpop CAPability measure for
Older people (ICECAP-O) do not seem to have these shortcomings,?*!% questions
remain about their evaluative scope.®! For instance, these measures do not directly
measure the quality of life domain ‘health’?3192 even though older people consider this
to be (very) important for their well-being.®>!!® While health supposedly is captured
indirectly in the ICECAP-O, research suggests that this may not be sufficiently the case,
in particular physical health 26114115

To overcome some of the shortcomings of existing well-being measures, an
alternative measure was developed: the Well-being of Older People measure
(WOOP).16 Tts domains are directly based on the views of older people in the
Netherlands themselves on what constitutes well-being!!? and covers a comprehensive
set of nine well-being domains: ‘physical health’, ‘mental health’, ‘social life’, ‘receiving
support’, ‘acceptance and resilience’, ‘feeling useful’, ‘independence’, ‘making ends
meet’, and ‘living situation’. For each of the domains, respondents can indicate their
level of functioning by selecting one of five response categories (see Appendix).
Qualitative research confirmed the content validity and feasibility of the WOOP as it
demonstrated that it captured the important domains of well-being for older people and
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was considered clear and suitable to self-report their level of well-being. !¢ Quantitative
research showed satisfactory to good results for comnstruct, convergent and
discriminant validity, as well as test-retest reliability. 26

Utility tariffs for the WOOP are currently lacking, which clearly hampers its
application in (economic) evaluations of health and social care services for older
people.*® Therefore, the objective of this study is to estimate a Dutch WOOP utility tariff.
The structure of this paper is as follows: the next paragraph specifies the methods, with
an emphasis on the design of the choice experiment and the data collection;
subsequently, the results are presented, including the WOOP utility tariff; finally, we
discuss our findings and their implications.

Methods

A discrete choice experiment was designed to estimate utility tariffs for the WOOP for
the Netherlands. More specifically, a ‘DCE with duration’ approach was employed,
entailing including duration of life as an additional attribute in the choice tasks This
allows anchoring of utilities on a scale from 0 (dead) to 1 (perfect well-being).!!® This
method was preferred over standard gamble and time-trade-off approaches due to
concerns relating to the cognitive burden of these iterative procedures, the size of the
WOOP instrument, and due to the possibility of administering DCE tasks online.!!
The traditional estimation approach for DCE with duration data assumes linear time
preferences. This implies that the general public is willing to give up a constant
proportion of remaining life years for a certain health improvement, without
consideration of the number of life years that remain.!?® Previous work provided
evidence that this assumption does not hold in DCE with duration data and that it would
introduce biased parameters, as health state preferences would be contaminated by
time preferences Furthermore, we applied a previously developed methodology
accounting for non-linear time preferences, which have been shown to exist in DCE
with duration data, to avoid biased parameters.!?1122 As such, we did not want to
presume linear time preferences from the outset and selected an approach that can
accommodate non-linear time preferences with a more flexible approach.!??2 How this
was achieved is outlined below under ‘conceptual framework'.

Attributes, levels, and matched choice task

Attributes and levels used in the choice experiment were defined by the descriptive
system of the WOOP (see Appendix).?® Each of the nine domains of the WOOP is
represented by one item with five response levels, generally ranging from excellent
(level 1) to bad (level 5). Physical health level 1, for instance, represents being very
satisfied with one’s physical health. In addition to the nine WOOP domains, a duration
attribute was included to enable trade-offs between quality and duration of life. Duration
was specified in years using 17 values (0.25, 0.5, 1, 2, ..., 15). The values and the range
thereof were selected to provide realistic quantities of remaining life years in our target
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population (smallest and highest values were designed to appear less frequently than
the more commonly occurring and hence more realistic middle values). To further
increase realism in the choice tasks, we ruled out that the following attribute levels
could appear together: Level 1 of independence together with either level 5 of physical
or mental health, as well aslevel 1 of social life and level 5 of support. In a previous data
collection with 1,113 respondents, the first two combinations did not occur in the data,
while the latter occurred just once.?

To reduce the cognitive burden of the ten-attribute choice task for the target
population, we undertook several steps. First, descriptions of domains and levels were
carefully simplified by the researchers involved in the development and qualitative
work of the WOOP instrument. Full domain descriptions were still accessible to
respondents in the choice task upon moving the cursor over the abbreviated versions.
Second, a previously used matched pairs choice task format, which was found to
reduce the cognitive burden of choice tasks, was applied (Figure 9).°%122 This entailed
a first choice between two well-being states A and B, both with equal duration, followed
by a matched second choice between the same well-being state B and perfect well-
being. This format already simplified the choice tasks by avoiding simultaneous
comparisons between the quantity and quality of well-being. This feature of this choice
task format additionally helps respondents to treat health and duration multiplicatively.
This is theoretically required, but not the case for most respondents when using a
traditional, single choice, DCE with duration format.!?® To further reduce the complexity
of the choice tasks, five out of the nine domains were constrained to be overlapped
(i.e., well-being states differed in only four domains). To highlight the differences, the
level descriptions were colour-coded using shades of purple (with darker shades
representing worse levels). This combination of level overlap and colour-coding
successfully reduced drop-out rates and attribute non-attendance in earlier studies.®>%
The second choice was between the same well-being state B and perfect well-being,
but with a shorter duration.

We confirmed the feasibility of the final choice tasks in think-aloud interviews
among individuals aged 65 years and above. In the executed think-aloud protocol,
users were asked to verbalize their thoughts as they completed the full concept online
survey, in which the DCE was embedded (for the elements of the survey see “Data
collection and survey design”). Data saturation was reached after four think-aloud
interviews. Obtained information was summarised into three meaningful categories:
instructions choice tasks, instructions other tasks, overall layout. Based on the
corresponding insights, minor changes were made to the layout of the survey and to
the instructions accompanying the warm-up choice tasks.

Experimental design

Optimizing the statistical efficiency of the DCE design was crucial due to the large
descriptive system of the WOOP (a total of 1,953,125 possible well-being states), and
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the imposed level overlap constraints. Therefore, an efficient design was implemented
and optimized using the TPC-QALY software package.!?* More specifically, a Bayesian
heterogeneous D-efficient design with ten sub-designs was used. This implied a
simultaneous optimisation of the efficiency of ten separate designs, as well as the
efficiency of their aggregate. To give more detail, the D-efficiency criterion was
calculated with 100 Bayesian draws, assuming an exponential discount function, and
based on the weighted average of the overall (i.e., combined) D-error (0.25) and D-
errors of the individual blocks (0.75). An exponential discount function was assumed,
which appeared to be the most efficient discount function tested with the TPC-QALY
software.!?* The design was optimized for the above-described matched choice task
format (see also Figure 1). The number of matched choice tasks per respondent was
set at 15, resulting in ten versions and a total set of 300 paired comparisons between
two well-being states. Priors for optimising the initial design were informed by logit
model estimates WOOP best-worst scaling data (N = 310) from a previous study
(Himmler et al., 2020a). The experimental design was updated twice after calculating
priors based on 201 and a total of 514 completes to further increase the efficiency of
the design.

Data collection and survey design

The DCE was embedded in an online questionnaire and administered to citizens in the
Netherlands aged 65 years and above recruited from the panel of the market research
company Dynata. We aimed to sample around 2,000 respondents, representative in
terms of age and gender, using stratified sampling. After completion, respondents
could make a small donation to a charity of their choice. Data collection took place
between December 2020 and March 2021.

The survey started with a description of its purpose and a consent form. Next,
respondents had to rate their well-being using the WOOP. The DCE training procedure
started with a two-alternative choice task with three (randomly selected) WOOP
domains. Subsequently, the complexity of the introductory choice task was increased
step by step. First, colour-coding was introduced. Second, the duration attribute was
added. Third, alternative C and, therefore, the second of the pairwise choice tasks was
included. Fourth, all nine WOOP domains were included. Colour-coding, level overlap,
and duration were explicitly described. Respondents were randomised to one of the
ten blocks of 15 choice tasks between two well-being states. To avoid ordering biases,
further randomisation took place regarding the order of choice tasks, the order of the
well-being states within choice tasks (A and B), and the order of WOOP domains across
respondents (constant order per respondent). The 15 choice tasks were split in three
blocks of five tasks, interrupted by two sets of standard socio-demographic questions
to reduce response fatigue with respect to the choice tasks. The questionnaire ended
with cognitive debriefing questions, an inquiry into whether COVID-19 changed the
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importance of the WOOP domains for respondents’ well-being, and measures for
health (EQ-VAS) and life satisfaction (Cantril's ladder).

Which option do you prefer, A or B?

A

15 years in this situation,
followed by death

15 years in this situation,
followed by death

@ Physical health Moderate problems
@ Living situation Very satisfied Very satisfied
@ Feeling useful Very useful Very useful
@® Making ends meet Reasonably able to meet ends Reasonably able to meet ends
@ Receive support Dissatisfied Dissatisfied
@ Acceptance and resilience Able to cope _
® Independence Dependent Independent
@ Mental health No problems No problems
@ Social life Satisfied Dissatisfied
= 2]

+ Positive aspects are presented in light purple and negative aspects are dark purple

= Place your cursor on the @ icon for descriptions of the aspects

Which option do you prefer, B or C?

Physical health

Living situation

Feeling useful

Making ends meet
Receive support
Acceptance and resilience
Independence

Mental health

© © © © @ @ @ @ e

Social life

=

(1/5)

10 years in this situation,
followed by death

(1/5)

C

15 years in this situation,
followed by death

Moderate problems
Very satisfied
Very useful

Reasonably able to meet ends

10 years in this situation,
followed by death

No problems
Very satisfied
Very useful

Very well able to meet ends

Dissatisfied Very satisfied
_ Very well able to cope
Independent Very independent
No problems No problems
Dissatisfied Very satisfied
=]
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Figure 9: Visual presentation of the pairwise choice task (translated from Dutch).
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Conceptual framework and statistical analysis

In line with the conceptual framework of time-preference corrected QALY tariffs (see
Jonker et al., 2018),'2? the utility derived by individual i for well-being state j in choice
task t was defined as the product of the quality of life of the well-being state and the net
present value (NPV) of the number of years lived in that well-being state, or:

Uijt:qualityij NPV (years)y +ej (5)

An exponential discount function was used, which has a single discount rate parameter
(r) that controls the degree of discounting and results in the following specification of
the NPV:

NPV (years);=(1-exp (—r * yearsijt) ) (exp()-1) (6)
The quality-of-life component in equation (1) was defined as follows:

Step 1.

qualityijtz B+ 23:1 Bi(d . 1)* WOOPdomainijg (7a)

in which B, denotes a respondent-specific parameter vector that captures the

importance of the nine WOOP domains (i.e. 8 ) relative to each other and to perfect

i(2-10)
well-being (i.e., excellent levels in all domains, captured by the §,, intercept), and

Step 2.
WOOPdomainmd: 2%:1 vdL* XijtdL . (Tb)

in which y, denotes a WOOP domain-specific parameter vector that measures the
relative importance of levels 2, 3 and 4 relative to levels 1 and 5 of each WOOP domain,
subject to the constraints that y,,=0 and y =1 for identification, and where Xjq
denotes a dummy-coded vector that equals 1 for the level at which each WOOP domain
was presented to the respondent in the specific choice task, and 0 otherwise.

This specification was programmed in the BUGS language and fitted with
OpenBUGS using Markov Chain Monte Carlo (MCMC) techniques. A technical
appendix provides details about the statistical modelling. Worthy to note here is that
the used approach implies by construction that the QALY decrements for levels 2 to 4
are monotonically increasing proportional to the y; WOOP domain-specific level
importance parameters.
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Results

A total of 2,660 respondents provided informed consent to participate in the study, of
which 2,169 (82%) started with the DCE valuation tasks after the warm-up tasks. 2,012
respondents completed the full survey, which constitutes 93% of those who started with
the DCE valuation tasks. The average age was 73 years, with 57% of respondents being
male. The gender distribution of respondents above 75 years did not reflect the
targeted sample quota, with females in this age category being underrepresented and
males overrepresented (Table 8). Respondents generally reported high levels of well-
being in the nine well-being domains of the WOOP (Figure 10). Lower levels were most
frequently reported for the domains ‘physical health’, ‘social life’, ‘feeling useful’, and
‘making ends meet’.

Table 8. Study sample characteristics (N=2,012).

Sample Sampling quota
(census data)!
Male 57.3%
Age in years (SD)? 713.3 (5.6)
Age and gender distribution
65-74 male 271% 26%
75+ male 30% 18%
65-74 female 28% 21%
15+ female 14% 29%
Finished tertiary education 35.4%
Married 64.7%
Employment
Retired 84.9%
Gainfully employed 6.0%
Informal work and volunteering 5.6%
Other 3.5%
Country of birth
Netherlands 94.2%
Other 5.8%
Cantril's Ladder (SD) 1.6 (1.2)
EQ-VAS (SD) 73.4 (18.6)

Note. SD, Standard deviation;! Data from Statistics Netherlands (Centraal Bureau voor
de Statistiek) 2020; 2Age ranged from 65 to 101.
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Figure 10: Distribution of responses to the nine well-being domains of the WOOP
(N=2,012). "The worst level was selected by less than 1% of respondents in all WOOP
dimensions

The average survey completion time was 34 minutes (median 24 minutes). Speeding,
defined as a completion time of less than one-third of the median, occurred in 2% of
responses (speeders were not excluded from the analysis). The cognitive debriefing
questions in general provided favourable results, for instance, 78% of individuals at
least partially agreed to the statement that the choice tasks were ‘clear’ to them (details
in suppl. material, Table Al). We did not find large or significant differences in the
response patterns to the cognitive debriefing questions between the three different
experimental designs used (suppl. material, Table A2). This alleviates concerns about
sacrificing (too much) respondent efficiency at the gain of statistical efficiency, which
has been discussed before. 125126

Utility estimates

The calculated domain importance coefficients (equation 7a) show that ‘physical health’
and ‘mental health’, and to a lesser degree ‘'making ends meet’, were the most
important well-being domains among the older people in our sample (Table 9).
Similarly, when summarising and plotting the terms used by respondents for
describing well-being in their own words, physical and mental health were most
frequently mentioned (see suppl. material, Figure Al).
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Table 9. Domain importance on latent utility scale.

Domain Mean Lower 95% CI Upper 95% CI SD

Physical health -1.381 -1.482 -1.283 0.081
Mental health -1.507 -1.615 -1.401 0.055
Social life -0.556 -0.606 -0.507 0.025
Receiving support -0.457 -0.506 -0.409 0.025
ic;gizce and -0.543 -0.596 -0.493 0.026
Feeling useful -0.426 -0.415 -0.380 0.025
Independence -0.718 -0.781 -0.657 0.032
Making ends meet -1.136 -1.218 -1.054 0.042
Living situation -0.674 -0.735 -0.615 0.031

CI = Credible Interval.

The anchored domain level utility weights are presented in Figure 11 (suppl. material,
Table A3 shows the 95% CI). By construction, the estimated domain level weights are
logically consistent within all nine well-being domains and non-positive. Two levels
failed to reach statistical significance (i.e., the second-best levels of ‘acceptance &
resilience’ and ‘making ends meet’). The strongest decrements were found for ‘mental
health’ (-0.329), ‘physical health’ (-0.302) and ‘making ends meet’ (-0.248), followed by
‘independence’ (-0.157) and ‘living environment’ (-0.147). ‘Social life’, ‘receiving
support’, ‘acceptance and resilience’, and ‘feeling useful’ were generally perceived as
less important for well-being. The theoretical spread of the WOOP utility ranges from -
0.616 (worst possible state) to 1 (best possible state). The estimated discount rate was
0.173, considerably larger than has been found in a related general population study
(0.057).122 A higher discount rate may relate to a lower remaining life expectancy
among older people. A previous study also found that people with more severe health
problems had a higher discount rate,!?? thus finding this higher discount rate for older
people, who tend to have more, and more severe health problems, is not completely
unexpected.
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Applying the utility tariffs to the WOOP responses in the sample produced a mean
WOOP utility of 0.856 (SD 0.120). A utility value of 1 was observed for 34 respondents
(1.7%) and a utility value below 0 (-0.067) for one respondent. The 25%, 50%, and 75%
quantiles were 0.831, 0.889, and 0.929, respectively. When plotting utilities against EQ-
VAS and Cantril’s ladder (Figure 12), a strongly positive correlation was observed (r =
0.59 and r = 0.54, respectively) with similar trends for males and females.

100
10.0

75
75

50

EQ-VAS

50 o

Life satisfaction

25

25

0.50 0.75 1.00 0.00 0 0.50 0.75 1.00

25 25
WOOP utility WOORP utility

0.00 0.
— Male Female

Figure 12: WOOP utility values plotted against health (EQ-VAS) and life satisfaction. For
illustration purposes, jitter was added to the EQ-VAS and life satisfaction values, which
are bounded on 0 to 100 and O to 10 range, respectively.

COVID-19 impact

Results for the question about whether the importance of the different well-being
domains had changed due to COVID-19 were the following: The domains ‘physical
health’, ‘mental health’, ‘independence’, and ‘social life’ generally appear to have
become more important (suppl. material, Figure AZ2). Depending on the dimension,
between 61% and 74% of respondents indicated that each respective domain had
remained equally important for their well-being, with the lowest value observed for
‘social life’.
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Discussion

Civen the increasing relevance of health and social care services for older people, and
the fact that these services usually aim to improve well-being rather than health (alone),
adedquate measures for measuring the well-being of older people are required. The
WOOP was recently developed for this purpose. To be useful as outcome measure in
economic evaluations, such a measure ideally is accompanied by utility tariffs. Hence,
in this study we present the results of a discrete choice experiment fielded among 2,012
individuals in the Netherlands aged 65 years and above to obtain preference-based
utility tariffs for the WOOP. The resulting tariffs enable transformation of well-being
states described with the WOOP into a utility score anchored on perfect well-being (1)
and dead (0), and hence the use of the WOOP as outcome measure in cost-utility
analyses of interventions in health and social care aimed at older people.

We elicited preferences from individuals aged 65 years and above, hence in the
group of older people themselves and not in the general adult population as is
commonly done for other outcome measures. Therefore, the utility tariffs for the WOOP
reflect the relative importance for well-being of the different domains and functioning
levels therein in the target population of the WOOP. This approach was deemed most
relevant in informing the allocation of resources intended to improve the well-being of
older people, and especially to evaluate optimal allocation within the budget for health
and social care services for older people according to their preferences. Therefore, in
contrast to measures like the EQ-5D, the WOORP is specifically targeted at one age
group and not intended for comparisons across all adult age groups.

GCiven the large descriptive system and the target population of the WOOP, we
conducted a pilot study to select the optimal elicitation method!?’ and undertook
several steps to reduce the cognitive burden of the choice tasks. Based on the
responses to the cognitive debriefing statements presented to respondents after the
choice tasks, it seems that the combination of a stepwise introduction to the experiment,
colour-coding, level overlap and the separation of the trade-offs between well-being
domains and duration was successful in reducing the cognitive burden to a
manageable amount for this sample of older people.

In line with the Q-methodology study conducted to identify the domains of the
WOOP® and with previous research,?%12° we found that ‘physical health’ and ‘mental
health’ were the most important domains for the well-being of older people, followed
by ‘making ends meet’. Domains like ‘independence’, ‘social life’, ‘receiving support’
and ‘feeling useful’ seem to be of somewhat lesser importance to their well-being. The
relatively low importance of the domain ‘social life’ was somewhat surprising given the
results of previous research.%128129
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Strengths and limitations

Previous studies estimating utility tariffs for well-being measures primarily applied
best-worst scaling (BWS) approaches®*#71% (or intend to do so!%). Therefore, a
noteworthy strength of the applied methodology is that it provides a feasible alternative
approach, which was also shown to be preferable for older people in terms of the
cognitive burden of choice tasks in a pilot study.!?” Moreover, the DCE design with a
duration attribute allowed anchoring the utility weights of the WOOP on a QALY -like
scale, facilitating a more straightforward combination of length and quality of life in
computing the benefits of interventions. The applied approach furthermore accounts
for non-linear time preferences, which otherwise would bias estimates in DCE with
duration approaches.'? The estimated discount rate of 0.173 implies that parameter
estimates would have been severely biased by time preferences if we would have
assumed linear time preferences. A more general implication of this is that for older
people, estimated/empirical discount rates are much higher than the discount rates
used in traditional HTA calculations, which mostly range between 1.5% and 5%.!%° The
use of exponential (as opposed to, for example, hyperbolic) discounting in our analysis
is also consistent with the common approach to discounting of health effects in health
technology assessment.

More particularly, the implemented modelling approach has the advantage that it
reduces the number of respondent-specific parameters, allows for correlated
preferences between the WOOP domains, and produces readily available estimates of
the relative importance of the WOOP domains, while ensuring a logically consistent
utility tariff. The modelling approach used here was more structured than the one used
by Jonker et al.,'?? but a more parsimonious model structure was crucial considering
the large descriptive system of the WOOP and the limited number of respondents
relative to the number of utility decrements.

While the pilot tests indicated that we reduced the complexity of the DCE choice
tasks to a manageable cognitive burden for most respondents, decision heuristics
could still have played an important role. For instance, while the colour-coding helped
in identifying the differences between the two well-being states in a choice task, it may
have stimulated respondents to focus on the colour intensity when making their
choices. To what extent respondents used decision heuristics in general is unknown,
although 89% of respondents reported to have compared all different aspects before
making their choices (suppl. material, Table Al). At the same time, colour-coding
combined with level overlap have previously been established as effective strategies
to reduce the use of (other) decision heuristics.

Reducing the complexity also entailed simplifying the attribute and level
descriptions in the choice tasks—as is common in health state valuation.*? We do not
know whether and how this might have impacted the interpretation of attributes and
levels, as we did not formally test the equivalence of abbreviated and full descriptions.
Nevertheless, this is not expected to have had a substantial impact on the valuation
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results. First, as much as possible, all domains and levels were abbreviated in the same
manner. Second, prior to the valuation tasks, individuals already were introduced to
the full WOOP instrument with the full descriptions. Third, respondents had the full
attribute descriptions available as mouse-over elements in the choice task to ease
Interpretation.

A clear limitation of the analysis relates to the representativeness of the sample,
which is hampered by two factors. First, females aged 75 years and above were
underrepresented in the sample (see Table 1). The market research company was
unable to reach the desired number of completes in this group even after considerable
effort.

Second, and more importantly, people above 65 years of age, who are part of
online survey panels, and perhaps especially those above 75 years, likely will not be
fully representative of this age group in terms of functioning, living situation, digital
skills, and cognitive ability. Unfortunately, we did not collect data about these
characteristics, but we could use EQ-VAS values as an indicator. When we compare
age- stratified EQ-VAS values in our sample with data from a previous large-scale study
among community dwelling Dutch elderly (suppl. Materials, Table A3), we find that
individuals in our sample have a lower level of health.’®! This might hint towards
capturing a wider range of respondents than just community dwelling individuals, but
this cannot be confirmed. At the same time, it is very likely that people in poor health
and well-being states are underrepresented in our study. For instance, another study
found that among residents of nursing homes in the Netherlands, the mean EQ-5D VAS
score was 64.8 (SD 21.7),'% which is clearly lower than in our sample. The
underrepresentation of individuals in poorer states, including those in nursing homes
may explain the high levels of well-being in most domains of the WOOP observed in
our sample.

Worth mentioning in this context is that 18% of survey participants dropped out
during the introduction and warm-up tasks. It is likely that this drop-out is related to the
cognitive capabilities of participants, which may have further contributed to an analysis
sample of relatively capable, healthy, and happy respondents.

The preferences of older people in poorer states, including those that who are frail,
dependent, or living in nursing homes, may thus differ from what we observed in our
sample. These groups are, however, difficult to reach and experience more difficulty
with participating in (this type of) research. As such, the utility tariffs presented here
may not fully reflect the preferences of the older population in its entirety. Given the
aim of the WOOP, assessing whether preferences regarding the WOORP states differ in
the subgroup of the oldest old and frailest individuals is important, but appears to
require a different study design. This might include purposive sampling, also within
nursing homes, and interviewer-assisted survey techniques, with an adjusted and
simplified choice experiment.
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Finally, we emphasize that the data for this study was collected during the COVID-
19 pandemic, an extraordinary context with special relevance to older peoples’ well-
being. Our attempts to assess the impact of this on the estimated preferences showed
that ‘physical health’, ‘mental health’, and ‘independence’ domains may have
especially increased in importance (see suppl. material, Figure Al). It is not clear
whether possible effects of the pandemic on preferences for the WOOP domains are
temporary or may last after the pandemic is over. After all, a possible effect of the
current crisis may be that people became more aware of what they consider most
important for their well-being and, hence, the preferences we measured in this study
may even be closer to their true preferences.

Application and future research

The estimated utility tariffs enable the use of the WOOP in economic evaluations of
health and social care interventions targeted at older people, first of all in the
Netherlands. Using the WOOP may provide a more comprehensive overview of the
benefits of such interventions as compared to health-related quality of life measures
(e.g. EQ-5D), but also as compared to the ICECAP-O and the ASCOT.#! Moreover, the
WOQOP has the advantage over other well-being measures that its utility tariff is
anchored on dead and perfect wellbeing, facilitating a more straightforward
combination of length and quality of life in computing the benefits of interventions.
Consequently, the WOOP may also be useful when evaluation cross-sectoral
interventions, for instance health and social care services combined with housing or
income support. However, until further research confirms the (psychometric) validity
of the WOOP and assessing interventions in health and social care in terms of their full
benefits to older people becomes more established, we would advocate the use of the
WOOP next to standard measures of health-related quality of life. This is also in line
with the current recommendation of the Dutch health care institute (Zorginstituut
Nederlands) for the use of the ICECAP-O. We do note that since the WOOP captures
broader wellbeing including health, the measure cannot be readily added to results
obtained using generic health-related quality of life measures, as this would imply
double-counting.

Decision makers and analysts need to be aware that using an outcome measure
like the WOOP, which focuses on broader outcomes than health and is conceptually
targeted at a specific age group, makes it difficult to compare the results of evaluation
studies with those using other outcome measures. Hence, the comprehensiveness and
relevance of the WOOP in the specific context of health and social care for older people
comes at the price of reducing the comparability of findings with those from economic
evaluations in other populations or focused on health as outcome. Furthermore, for
economic evaluations using the WOOP to be truly informative for decision-making
about whether or not to implement particular health and social care services, a
threshold value representing the monetary value of a well-being adjusted life year

79



Chapter 4

(WALY) is required. Considering that the scope of benefits is broader, it is likely to be
higher than that the threshold for a QALY. While different methods may be used to
estimate such a threshold value,®®131%% an important conceptual question will be
whether this valuation should be done within the target population, as the beneficiaries
ofhealth and social care interventions, or within the general public, as the payer of such
interventions in a collective system (like in the Netherlands). A last noteworthy aspect
of the use of broader outcome measures in general is that by extending the scope of
the benefit dimension, one needs to consider also extending the cost dimension
beyond health care to stay within a consistent framework.

Conclusion

By generating utility weights, the WOOP can now be used in economic evaluations of
health and social care services targeted at older people, first of all in the Netherlands.
Furthermore, the methodological approach used in this study may be helpful for future
studies valuing newly developed measures with similarly large descriptive systems.
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Appendix

Well-being of Older People measure (WOOP)
For each section, select the description that is most appropriate for you today.

Physical health
Consider physical conditions or ailments and other physical impairments that affect your
daily functioning.

I have no problems with my physical health

[ have slight problems with my physical health

I have moderate problems with my physical health
[ have severe problems with my physical health

O o0oogoad

[ have very severe problems with my physical health

Mental health
Consider problems with your ability to think, anxiety, depression and other mental
Impairments that affect your daily functioning.

I have no problems with my mental health

[ have slight problems with my mental health

[ have moderate problems with my mental health
[ have severe problems with my mental health

O o0ooogad

[ have very severe problems with my mental health

Social life
Comnsider your relationship with your partner, family or other people who are important
to you. This concerns the amount and quality of the contact you have.

I'm very satisfied with my social life

I'm satisfied with my social life

I'm reasonably satisfied with my social life
I'm dissatisfied with my social life

I'm very dissatisfied with my social life

O0oaogad
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Receive support

Everyone needs help or support sometimes. Consider practical or emotional support,
for example from your partner, family, friends, neighbours, volunteers or professionals.
This concerns being able to count on support when you need 1t, as well as the quality of
the support.

I'm very satisfied with the support I get, when needed

I'm satisfied with the support I get, when needed

I'm reasonably satisfied with the support I get, when needed
I'm dissatisfied with the support I get, when needed

I'm very dissatisfied with the support [ get, when needed

Oo0o0ooad

Acceptance and resilience
Consider your acceptance of your current circumstances and your ability to adapt to
changes to these, whether or not with support of your religion or belief.

I'm more than able to deal with my circumstances and changes to these
I'm able to deal with my circumstances and changes to these

I'm reasonably able to deal with my circumstances and changes to these
I'm not able to deal with my circumstances and changes to these

I'm not at all able to deal with my circumstances and changes to these

O0Oo0oogad

Feeling useful
Consider meaning something to others, your environment or a good cause.

[ feel very useful

[ feel useful

[ feel reasonably useful
I do not feel useful

O 0Oo0oaogad

I do not feel at all useful

Independence
Consider being able to make your own choices or doing the activities that you find
Important.

[ feel very independent

[ feel independent

I feel reasonably independent
I feel dependent

[ feel very dependent

O 0Oo0ogad
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Making ends meet
Consider having enough money to meet your daily needs and having no money worries.

I'm more than able to make ends meet
I'm able to make ends meet

I'm reasonably able to make ends meet
I'm not able to make ends meet

I'm not at all able to make ends meet

O0oogao

Living situation
Consider living in a house or neighbourhood you like.

I'm very satisfied with my living arrangements

I'm satisfied with my living arrangements

I'm reasonably satisfied with my living arrangements
I'm dissatisfied with my living arrangements

I'm very dissatisfied with my living arrangements

O0o0oogaod
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Technical appendix

The specification described by equations 5 to 7Tb was programmed in the BUGS
language and fitted with OpenBUGS using Markov Chain Monte Carlo (MCMC)
techniques. This involved the selection of prior densities for the model parameters and
updating these densities with the likelihood of the observed data. A multivariate normal
prior was placed on the 3, parameters, i.e., 5, ~ MVN(y, T). Uninformative normal priors
(i.e., with means of 0 and standard deviations of 10) were assigned to y and a Wishart
prior with an identity scale matrix and 10 degrees of freedom to the precision matrix T.
A uniform (0,1) prior was placed on r, and Dirichlet priors with concentration
parameters equal to 1.0 were assigned to a set of latent yg( 1.4) Parameters that were

subsequently transformed into y a5 by setting y4,=0 and defining y ;,= Zﬁnz ] y;m forl e
2-5. This ensured, by construction, monotonically increasing y a1:s) parameters that
automatically adhered to the required y,,=0 and y, =1 constraints, leading to
monotonically increasing level-importance parameter estimates within each of the
WOOP domains.

Standard Gibbs updates were used to update p and 2/, antithetic Metropolis-within-
Gibbs update steps to update 3, slice sampling update steps to update r, and non-
conjugate random-walk Dirichlet update steps were used to update the y* parameters.
In addition, the implied decrements for the WOOP attribute levels on the QALY scale
were calculated by first dividing all elements in the mean vector (1) by the first element
(4;), which ensured that the value of full well-being was equal to 1.0, and then, for each
WOOP domain, multiplying the scaled average domain importance (1.e. y, ,,/u;) with
the corresponding domain-specific y, parameter. Given the constraints on yg, this
implies, by definition, that QALY decrements for level 1 are 0 and that the QALY
decrements for levels 5 are equal to Heae 1 )//11 and thereby equal to the relative
importance of the respective WOOP domain. Furthermore, this implies that the QALY
decrements for levels 2 to 4 are monotonically increasing proportional to the y , WOOP
domain-specific level importance parameters.
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Chapter 5

Abstract”

Early warning systems for infectious diseases and foodborne outbreaks are designed
with the aim of increasing the health safety of citizens. As a first step to determine
whether investing in such a system offers value for money, this study used contingent
valuation to estimate people’s willingness to pay for such an early warning system in
six European countries. The contingent valuation experiment was conducted through
online questionnaires administered in February to March 2018 to cross-sectional,
representative samples in the UK, Denmark, Germany, Hungary, Italy, and The
Netherlands, yielding a total sample size of 3,140. Mean willingness to pay for an early
warning system was €21.80 (median €10.00) per household per month. Pooled
regression results indicate that willingness to pay increased with household income
and risk aversion, while they decreased with age. Overall, our results indicate that
approximately 80-90% of people would be willing to pay for an increase in health safety
in the form of an early warning system for infectious diseases and food-borne
outbreaks. However, our results have to be interpreted in light of the usual drawbacks
of willingness to pay experiments.

“ The online version of this article (https://doi.org/10.1007/s10198-020-01171-2) contains
supplementary material relating to appendices A to F in this chapter.
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Willingness to pay for an early warning system for infectious diseases
Introduction

Increasing the health safety of citizens is an important policy goal in countries across
the world. Recent infectious outbreaks of, for example, Ebola, SARS, bird flu, and
salmonella, emphasise that improving safety cannot always be realised by countries
separately.'® Recently, for example, the European Union has initiated an
interdisciplinary research network that investigates the potential for an international,
integrated early warning system for identifying, containing and mitigating large
infectious outbreaks more rapidly (http.//www.compare-europe.ew/).

Establishing and maintaining such a system would likely entail considerable costs.
To determine whether this would be money well spent, it is essential to consider all its
potential benefits. The relevant benefits could include a reduction in disease burden,
increased feeling of safety, or the mitigation of economic consequences of infectious
diseases and food-borne outbreaks, which can be considerable for countries,
organisations, and individuals. For instance, the economic impact of the Ebola crisis
in 2014-2015 on Sierra Leone, Guinea and Liberia was estimated at $2.8 billion.!36

However, in general, reliable evidence and estimates of these potential benefits
of an early warning system, separately or overall, are scarce and difficult to obtain,
especially in the case of multinational initiatives. In light of this and the fact that the full
potential benefits would include, besides aspects like health gains, also elements like
improved feeling of health safety, it is not possible to quantify the overall benefits of
such an international early warning system based on existing data.

Therefore, in this study, we aim to provide an indication of the perceived overall
value of such a system in terms of improving citizen's feelings of health safety. For that
purpose, we first develop a contingent valuation willingness-to-pay approach, which
provides such a valuation, given beliefs and sentiments in the population regarding
all different aspects of a warning system. Second, we apply this approach in six
selected countries across Europe (i.e., Denmark, Germany, Hungary, Italy, the
Netherlands, and the UK) to derive a range of estimates and assess the potential
implications of our results on an international level.

This paper summarises our efforts to accomplish these goals and its remainder is
divided into four sections. First, we briefly summarise the findings from a previous
literature review surrounding the methods that have been applied in similar contexts,
namely valuing health safety, to motivate the chosen approach further. After that, we
consecutively report on the design and administration of our experiment, the data
analysis, present the results of our study, and conclude the paper with a discussion of
the limitations and implications of our findings.

Background

The introduction of an international integrated warning system to increase health
safety would not be necessary if communicable or infectious diseases were not a
significant factor in the Global Burden of Disease. The Burden of Communicable
Diseases in Europe project found an average disease burden in Germany alone of
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33,116 Disability Adjusted Life Years (DALYs) per year for influenza and 19,115
DALYs per year for salmonella.!®” On a European level, influenza was estimated to be
responsible for 81.8 DALYs lost per 100,000 population between 2009 and 2013,
corresponding to 412,673 DALY using the EU population size from 2011.1%8

Considering these substantial effects of infectious diseases, some of the potential
benefits of an international integrated warning system become clearer. Of course, the
real benefits also depend on the translation from warnings to effective interventions
that prevent or mitigate the consequences of outbreaks. Besides possible health gains
resulting from this, there are also less tangible benefits from having a warning system,
which include an increase in health safety and feeling more secure. The valuation of
these benefits may be less straightforward than calculating potential DALY's averted.

The valuation of interventions affecting safety is relevant both within and outside
the health care setting. For example, environmental and transportation research is
concerned with interventions, which aim to improve the safety of recipients. Perry-
Duxbury et al. conducted a literature review in which they examined the
methodologies of empirical research valuing safety from all relevant fields, including
environment, transportation and health.!*® Of the 33 papers reviewed, 22 were found
to use the contingent valuation method to value the effects of safety-affecting
interventions. The four papers in the field of health that empirically valued
interventions increasing health safety, all used a form of stated preference
methodology. These papers aimed to estimate the value of reducing mortality risks,4°
preventing child maltreatment deaths,!*! reducing the risk of sexually transmitted
diseases,!*? and vaccinations in pandemic outbreaks.'*® The first three papers used
willingness to pay (WTP) contingent valuation method, while the last paper used a
discrete choice experiment to elicit valuations.

The literature review identified income to be a significant predictor of WTP in all
included contingent valuation studies.!** A higher level of education was associated
with a higher WTP in six of the nine papers that included information on education.
Age and gender both also had strong correlations with WTP. However, these
correlations were positive in some of the studies and negative in others. The literature
review also reported results regarding relationships of WTP with risk (perception).
For example, individuals that had been directly or indirectly exposed to the outcome
of interest reported a higher WTP, as did those who had a higher level of perceived
risk, were more knowledgeable or more concerned about the issue, or were more
concerned than others about the outcome under study. Finally, study design elements
were shown to affect WTP estimates. For example, presenting scenarios with higher
baseline risk was associated with a higher WTP. In addition, different studies found
that presenting higher intervention costs or more information about the intervention
in the scenario description also affected the estimated WTP. However, the direction
of the effect differed between studies. The information provided by the literature
review guided some of the methodological choices of our study, which are described
next.
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Methods

Survey administration and piloting

To estimate the WTP for an international integrated early warning system for infectious
diseases and food-borne outbreaks, we conducted contingent valuation experiments
utilising general population samples from six European countries: Denmark,
Germany, Hungary, Italy, the Netherlands, and the UK. Sampling and administration
of the WTP questionnaire were conducted by a professional sampling agency, from
February to March 2018, using an online survey format. The sampling agency
recruited participants from existing online panels. The survey was administered to
citizens aged between 18 and 65. Individuals aged 65 and above were not included
for two reasons: First, recruiting elderly respondents from online panels can be
challenging in some of the included countries. Second, we wanted to limit our
population to the (income) taxpayers, as we used a tax increase as payment vehicle
in the experiment. The samples were aimed to be representative for national
populations regarding age, gender, and level of education, with a sample size of
around 500 individuals per country. Participants were able to complete the
questionnaire on a computer or mobile device. They did not receive a personal
financial reward for engaging in the experiment but could choose a charity, which
would receive a small donation after completing the survey. Participants had to
consent to their information being used for research purposes and were free to drop
out of the experiment at any time.

The reasoning behind the country selection was to cover a variety of cultural
perspectives relevant to the valuation of safety and public intervention. The latter was
assessed by applying the three most relevant dimensions of Hofstede's cultural
dimensions theory in this context: individualism vs collectivism, masculinity, and
uncertainty avoidance.!*® The included countries furthermore constitute a mix of
different levels of social and economic development in Europe. The questionnaire,
which was initially developed in English, was translated into Danish, German,
Hungarian, Italian, and Dutch by professional translators and checked for
comprehensibility and consistency by native speakers. In designing the experiment
and payment scales, GBP and EUR values were assumed to be equivalent, while
monetary values and payment scales were converted from GBP into DKK and HUF
using the mean exchange rate from February 2018. In the case of Hungary, this was
additionally adjusted for purchasing power.!® Payment scales were rounded to
natural integer values in all survey versions to prevent peculiar payment options. The
payment scale of the UK survey and the equivalent monetary values for Danish crowns
and Hungarian forint can be found in online Appendix D.

Before the launch of the main survey, the questionnaire was tested in both a group
of experts in infectious diseases and food-borme outbreaks associated with the
COMPARE research network (n=22) and a representative sample of the public in the
UK (n=134) in January 2018. The length of the survey was slightly reduced following
the pilot tests. After this stage of piloting, the questionnaire was fielded in a
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representative sample of UK citizens (n=533). To test the payment scale used in the
experiment, we administered two additional surveys (n=500 each): One with smaller
payment options, and the other asking for yearly contributions instead of monthly
contributions. The validity of the results of the three survey versions was assessed
based on whether WTP was influenced by income and based on a comparison to a
reference point (home contents insurance, a common type of insurance, which covers
the possessions in your home against risks like fire, theft, and storm), which was
included in the surveys. The initial payment scale performed best and was therefore
used in all surveyed countries.

Survey design

The general design of the WTP experiment followed the structure of an existing
survey, which was purposely designed to elicit the WTP for a quality-adjusted life year
(QALY).!T After a brief introduction to the topic at hand and the purpose and design
of the questionnaire (see online Appendix A), respondents had to state their age and
gender before describing their current health using a generic health instrument (EQ-
5D-8L).

The following part of the questionnaire started with a "warm-up" WTP exercise,
where participants had to state their WTP for a pair of shoes. This elicitation task was
included to familiarise respondents with the procedure and to test whether the chosen
approach resulted in reasonable estimates for a common market good. Next,
respondents started with the central WTP task: valuing the early warning system. A
two-stage procedure consisting of a two-step payment scale approach and an open-
ended question was applied to elicit individuals' WTP. The motivation for this
approach has been outlined elsewhere.!*”1%° In summary, it intends to provide
precise and direct maximum WTP valuations, using a stepwise procedure that helps
respondents to form and articulate their preferences.

The scenario outlined to respondents was that establishing and maintaining an
International integrated warning system, which could contain and mitigate infectious
disease and food-borne outbreaks, naming Ebola, SARS, bird flu and salmonella as
examples, is not without costs. Participants then were asked to imagine that the
funding of such an international warning system would take place through national
taxation in the participating countries. All eligible people in their country (aged 18 and
above) would have to contribute via monthly instalments starting immediately. The
payment was framed as a recurrent tax since most respondents in European countries
are likely familiar with similar forms of payments. This scenario did not include
information on the magnitude of the potential health benefits. The reasoning behind
that was to emphasise the perceived feelings of health safety due to such a system in
the elicitation rather than a particular hypothetical gain in health, also because the
potential benefits are uncertain at this stage. This could provide a broad valuation
based on the beliefs and attitudes of the respondents themselves. Information on the
types of local systems already in place and how these would be integrated into this
international system was also omitted. Not only would this be cognitively burdening,
but the chosen approach also conformed more closely to the general definition of the
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COMPARE project and hence warning system at this stage. While this leaves
respondents with imperfect information, this was intentional, as our goal was to value
a warning system which features are not yet fully clear, in terms of the incremental
feelings of health safety that comes with it.

In the first step of the initial stage of the willingness-to-pay experiment,
respondents were asked to indicate the amounts they would definitely be willing to
pay per month for having this international, integrated warning system, using a
payment scale ordered from low to high GBP or EUR values (0, 1, 2, 3, 4, 5, 10, 15, 20,
25, 30, 40, 50, 60, 70, 80, 100, 120, 150, 200, more). The payment scale for the UK
contained the same values in GBP, the version for Denmark contained the same values
converted to DKK (and rounded), and the version of Hungary was adjusted for
purchasing power and converted to HUF (and rounded). The Hungarian and the
Danish scale are included in online Appendix D.

Individuals who chose the “more” option on the payment scale subsequently had
to indicate a value higher than 200 in an open-ended question. Individuals who chose
0 as their maximum WTP had to select one of the following options to specify the
reason for this answer, with the following predefined options: (i) not worth more than
0, (i) unable to pay more than 0, (iil) government task, or (iv) the option to formulate
another reason in an open text field. The former two options were considered to
indicate a true WTP of zero, while “government task” was designated as a protest
zero. Entries in the open text field were evaluated and labelled as either true zero or
protest zero. Individuals who chose a value between 1 and 200 were subsequently
asked to mark the amounts they would definitely not be willing to pay per month on
the same payment scale, excluding the WTP values they had selected in the
preceding step.

Jointly, these two steps generated a WTP interval between the highest amount that
a respondent definitely was willing to pay and the lowest amount he or she was
definitely not willing to pay. In the second stage of the WTP procedure, respondents
had to indicate an exact amount within this interval that was closest to the maximum
that they would be willing to pay per month. Respondents could specify decimals in
this second stage, not limiting the WTP to integer values. The elicited WTP amounts
in the second step were taken as the best approximation of people’s WTP for the
(health safety benefits from an) international integrated early warning system for
infectious diseases. Throughout the two steps, participants were reminded to keep
their ability to pay in mind (their net monthly household income) before indicating
any interval or specific value to prevent ex-ante mitigation.!*® The design and the
exact wording of the WTP questions can be found in online Appendix C. The
questionnaire continued with two additional WTP valuation scenarios involving
different degrees of risk reduction and disease severity, which will not be discussed
in this paper. Subsequently, respondents had to provide further socio-demographic
information. Estimates for household income were obtained in a two-step process.
Respondents first selected an income range before indicating an exact amount.
Missing exact income amounts were imputed based on the sample means of the
income interval selected in the first step, if applicable.
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Respondents were furthermore asked about whether they or their family had ever
been exposed to an emerging infectious disease or outbreak (yes/no), and about
their general awareness related to emerging infectious diseases and food-borne
outbreaks, which was queried using 12 statements and a 7-point Likert scale. The
statements comprised of a collection of aspects found to be relevant in this context
based on the findings from the literature review (see online Appendix B). Finally,
respondents completed a brief version of the health-risk attitude scale (HRAS),!S!
which consists of six statements about resolving risky health decisions that need to be
ranked on a 7-point Likert scale ranging from “totally disagree” to “totally agree”.

The survey ended with a module asking respondents whether they had home
contents insurance, the size of the corresponding yearly premiums and how they
would value the described early warning system in comparison to their contents
insurance (lower, roughly the same or higher). These results of this final module were
intended to serve two purposes: First, they were used to test different types of
payment scales before the rollout of the main survey. Second, comparing the contents
insurance premiums people actually pay and the stated relative value of early
warning system and contents insurance serves as a validity check of the stated WTP
values. In addition to the survey data, we collected country aggregate estimates on
the relevant dimensions of Hofstede's cultural dimension theory (masculinity,
individualism, and uncertainty avoidance) and the level of trust in public institutions. 152

Data analysis

Before analysing the data, we converted all monetary values from Danish, UK, and
Hungarian respondents to Euro values using the average exchange rates during the
month of sampling (7.45 DKK/€, 1.14 £/€, 312 HUF/€). In the next step, cross-country
data validity and comparability were assessed by exploratory, descriptive analysis.
We first inspected the proportions of and reasons for zero WTP answers,
distinguishing between true and protest zeros. We excluded protest zeros and WTP
outliers from the remainder of the analysis. The latter was defined as WTP values
larger than 5% of monthly household income. Descriptive statistics were calculated
based on the remaining WTP valuations.

Linear regression analysis was conducted on the WTP valuations from all six
countries to examine which factors influenced the WIP answers and whether the
observed effects were in line with theoretical considerations as well as previous
empirical findings of WTP determinants (outlined in the beginning of this chapter).
The regression analysis thus functions as a validity check for our experimental design
and WTP results. We also explored the suitability of Tobit or Two-part-models for the
regression analysis, however using root mean squared error and mean absolute error
as performance criteria revealed that standard linear regression provided the best
model fit. Calculations were conducted using the pooled total sample, as well as the
separate country-level samples. Descriptive analysis and regression analyses were
performed using STATA 15.0 (Stata Corp. 2018. Stata Statistical Software: Release 15.
College Station, TX: Stata Corp LP).
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Results

Characteristics of country samples

The total number of completed surveys from the six chosen European countries was
3,140. Unfortunately, information on the response rate or the share of respondents
starting, but not finishing the survey could not be obtained from the sampling agency.
On average, it took respondents 18.9 minutes (SD 11.2) to complete the questionnaire.
The six samples were well balanced regarding age, gender, and education in their
respective countries for the aimed subset of individuals aged between 18 and 685.
Descriptive statistics of the respondents per country are shown in Table 10. The
average gross monthly household income ranged from €1,214 in Hungary to €6,417
in Denmark. Employment status and educational attainment varied between
countries, as to be expected. The sub-samples also differed considerably in the rate
of past exposure to infectious diseases and food-borne outbreaks (10% in the UK vs
62% in Hungary).

Zero responses and protest answers

Overall, 14.8% of respondents stated a WTP of zero, with a share of 7.3% in Italy at the
lower end and 23.2% in Hungary at the upper end. Of those with a WTP of zero, most
respondents chose the pre-specified option “Government task" (57.3%) and only to a
lesser extent the options "Not worth it" (17.2%) and "Unable to pay" (15.3%) to justify
a WTP of zero, with considerable differences between countries. Of the 47 qualitative
responses in the category “Other”, 40 were classified to be similar to “Government
task” or as protest answers. The remaining seven qualitative responses were more
related to whether the system would be worth installing. These, therefore, were
included in the "Not worth it” category, which, together with “Unable to pay” category,
represent true zeros. The entirety of “Government task” and further protest answers
(N=306) were treated as protest zeros and therefore not included in the following WTP
estimates and regression analysis. Table 11 presents the share of zero values per
country as well as the indicated reasons for the zero valuations. The share of protest
zeros among zeros varied between 53.5% in the UK and 78.6% in Hungary. Individuals
who provided protest answers had a significantly lower income (p=0.010), higher age
(p<0.001), lower level of education (p=0.046) and only little awareness of outbreaks
(p<0.001) in comparison to respondents with non-protest answers.
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Table 10: Descriptive statistics (SD in brackets).

UK DK GER HUN IT NL Total

Monthly household inc. €2 3,339 6,417 3,076 1,214 2,495 2,715 3,214
(2,974) (9,004) (1,919) (1,149) (1,662) (1,632) (4,372)

Age 4206 4099 4308 41.76 4165 4352 4218
(13.65) (14.55) (13.35) (13.23) (13.94) (14.91) (13.97)
Female 0.50 049 052 051 052 049 0.51

(0.50) (0.80) (0.50) (0.50) (0.50) (0.50) (0.50)
No finished sec. education 0.02 0.08 0.02 0.03 0.02 0.08 0.03
(0.15) (0.28) (0.15) (0.16) (0.12) (0.16) (0.18)

Finished high school 0.50 054 065 055 060 059 0.57
(0.50)  (0.50) (0.48) (0.50) (0.49) (0.49)  (0.50)
Tertiary education 0.48 038 033 042 039 038 0.40
(0.50)  (0.49) (0.47) (0.49) (0.49) (0.49)  (0.49)
Married * 0.60 052 058 062 057 057 0.58
(0.49)  (0.50) (0.49) (0.49) (0.50) (0.49)  (0.49)
Employed 0.56 049 058 066 044 052 0.54
(0.50)  (0.50) (0.49) (0.48) (0.50) (0.50)  (0.50)
Self-employed 0.09 006 010 008 019 008 0.10
(029)  (024) (0.30) (0.27) (0.39) (0.27)  (0.30)
Unemployed 0.06 008 004 004 010 008 0.06
(024) (027) (021) (0.19) (0.29) (0.24) (0.24)
Homemaker 0.11 003 007 004 009 006 0.07
(0.31)  (0.16) (0.26) (0.19) (0.29) (0.24) (0.25)
Student 0.06 017 008 007 010 0.1l 0.10
(023)  (037) (0.27) (0.25) (0.30) (0.31)  (0.30)
Retired 0.08 013 012 010 008 006 0.09
(027) (0.33) (0.32) (0.30) (0.27) (0.23) (0.29)
Unable to work 0.05 005 00l 002 000 011 0.04

(021) (022) (0.12) (0.15) (0.08) (0.31) (0.20)
EQ-5D-5L sum score (0-100) 86.76  83.86 8541 8899 8750 8894 8691
(18.05) (17.99) (16.98) (14.49) (14.64) (14.14) (16.24)

Awareness of outbreaks P 52.89 5091 5164 5268 5515 49.95 52.21
(8.06) (1.79) (8.51) (821) (8.04) (826) (83D

% no past exposure 0.90 0.67 0.72 0.38 0.87 0.69 0.71
(0.30) (0.47) (0.45) (0.49) (0.33) (0.46) (045

% no family past exposure 0.06 0.18 0.13 0.17 0.05 0.11 0.11

(0.23) (0.38) (0.34) (0.37) (0.22) (0.31) (0.32)
% no personal past exposure  0.06 0.21 0.18 0.48 0.09 0.23 0.20
(0.23) (0.41) (0.38) (0.B0) (0.28) (0.42) (0.40)

HRAS ¢ 2032  27.17 2887 2868 30.10 2883 2884
(599) (555) (592) (4.89) (5.32) (5.88) (5.68)
Observations 553 514 522 504 523 524 3,140

Note: @ Includes registered partmerships or cohabiting; ® from 12 to 84 (12 questions
with 7 levels); 4 Health Risk Attitude scale from 6 to 42 (6 questions with 7 levels).
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Table 11: Percentage of responses with WTP of zero

% Share of zeros “True zero WTP” “Protest zero”
(total) Not worth it Unable to pay Gov't task + protest
UK 12.8 31.0 15.5 53.5
Denmark 119 23.0 19.7 57.3
Germany 15.7 20.7 15.9 63.4
Hungary 23.2 9.4 12.0 78.6
ltaly 7.3 21.1 15.8 63.2
Netherlands 18.1 15.8 15.8 68.4
Total 14.8 18.8 15.3 66.0

Table 12: WTP per month in EUR excluding protest zeros and outliers?

Mean SD Median Min Max N
UK 20.74 32.63 9.11 0.00 284.80 496
Denmark 28.33 42.43 13.42 0.00 460.98 473
Germany 21.01 30.27 10.00 0.00 250.00 457
Hungary 8.89 13.80 3.85 0.00 14421 397
Ttaly 21.32 33.058 15.00 0.00 202.00 457
Netherlands 22.11 29.04 10.00 0.00 250.00 433
Total 21.80 32.32 10.00 0.00 460.98 2,713

Note: @ Outliers defined as WTP exceeding 5% of monthly income.

Outliers and willingness to pay estimates

Turning to the actual WTP estimates, the elicited values for the lower interval of the
first stage of the WTP exercise (“definitely be willing to pay”) had a mean of €14.68
(SD 23.65). The corresponding mean for the upper interval (“definitely not willing to
pay”) was €42.63 (SD 67.15). The second stage produced a mean stated WTP for an
international integrated early warning system for infectious diseases and food-borne
outbreaks of €25.17 (median €10.07) per month per household. The standard
deviation of €42.87 exemplifies a considerable heterogeneity in WTP within and
across countries.

Several outliers with values up to €1,000 per month influence the mean WTP. The
proportion of respondents with a WTP above €100 in the analysed sample was 5.0%
and ranged from 0.7% in Hungary to 8.8% in Italy. Some of these outliers might
represent the real WTP of respondents, while others may be deliberate or incidental
overstatements. Applying the above-described criterion, 4.8% of responses qualified
as outliers (N=121) and were excluded from the remainder of the analysis. Doing so
reduced the mean monthly WTP from €25.17 to €21.80 in the remaining sample of
2,713 observations. Table 12 presents the corresponding values and further summary
statistics, while. Figure 13 presents the distributions of all WTP values on country level.
For readability, values over €100 (4 % of the total sample) are trimmed off. The mean
monthly WTP varied from €8.89 in Hungary and €28.33 in Denmark.
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Results from the included reference point, home contents insurance, revealed that
for 51.1% of insurance holders (68.9% had this type of insurance) the perceived value
of the warning system was more or less equal to the value of the contents insurance.
In the subgroup that provided information on their monthly premiums, the mean
difference between WTP and stated insurance premium was €5.28 (50.7% within a €10
range). A higher perceived value of the warning system (24.7%) coincided with a
WTP, which was larger than the insurance premium in 56.6% of cases. A lower
perceived value (24.3%) fell in line with a relatively lower WTP in 56.5% of cases.
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Figure 13: WTP values per country

Determinants of willingness to pay

Table 13 column one lists the results of regressing the WTP values on multiple
individual characteristics using the pooled data from all six countries, excluding
protest answers and outliers. To account for the correlation of errors within countries,
we used cluster-robust standard errors on country level in the regression models. The
number of observations dropped from 2,713 to 2,583, as some respondents did not
provide any information on their household income. As the WTP data were skewed,
we also analysed the data using log transformed WTP values. However, here we
present the results using the raw WTP values as the general results, and implications
of both approaches were highly similar. Moreover, the linear specification avoided
having to drop zero WTP values and provides a more straightforward interpretation.
The Log WTP results can be made available upon request.
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Income had a highly significant and positive non-linear effect on the WTP, while
age significantly reduced the WTP. Education did not affect WIP. The highest levels
of awareness of outbreaks and health risk aversion (HRAS) seemed to influence WTP,
although the coefficient of the former was not significant. Past exposure, marital status,
or not being employed, did not significantly affect WTP.

The remaining columns of Table 13 present the results on country level. Factors
affecting WTP differed considerably between countries with some coefficients even
switching signs. Household income significantly increases WTP in all six countries,
whereas age was significantly negatively associated with WTP in three of the
countries. Consistently positive (but not always significant) coefficients were found for
the highest quartiles of outbreak awareness and HRAS, i.e., being relatively most
aware of the associated risks and being relatively most health risk-averse in general.
Better health was associated with lower WTP throughout all countries. Alongside the
differences in coefficients, the explanatory power of our model changed substantially
between countries. The R-squared varied between 0.117 for the German model and
0.247 for the Italian model. Differences in model fit as measured by AIC/BIC and RMSE
were even more substantial.

When including variables in a stepwise procedure, the conclusions for the pooled
regression were reasonably stable across model specifications (see online Appendix
E). Adding country dummy variables to the pooled model slightly diminished the
effect of income. The respective coefficients of Hungary, Italy and the Netherlands
were significant compared to the UK as reference category. This result indicates that
even after controlling for socioeconomic characteristics, including income, WTP
significantly differed between countries. Hofstede's cultural dimensions masculinity,
individualism, and uncertainty avoidance, as well as trust in public institution further
explained these differences (see online Appendix E).

101



Chapter 5

Table 13: OLS regression on WTP excluding WTP outliers and protest zeros

@ @ ® (4) ®) (6) )
Pooled UK DK CER HUN IT NL
log income 10.0%** 7.95™ 14.44™ 8.01"™ 5.85™ 10.1™ 8.08™
(0.54) (2.34) (4.58) (2.37) (1.17) (2.38) (2.65)
age -0.94%* -1.29" -1.04 0.23 -1.277 -1.717 -0.27
0.29) (0.73) (0.92) 0.11) (0.53) (0.85) 0.69)
age-squared 0.01 0.01 0.00 -0.01 0.017 0.02 -0.00
(0.00) 0.01) 0.01) 0.01) 0.01) 0.01) 0.01)
female -3.85 -3.87 -13.4™ -6.28" -0.48 0.617 0.67
(2.38) (2.95) (3.50) (2.18) (1.24) (3.25) (3.16)
tertiary educ 2.41 416" 10.65" -1.64 0.63 0.95 -1.11
(1.80) (2.46) (4.51) (3.19) (1.49) (3.37) (2.97)
married 1.94 6.40™ -0.14 2.21 -0.91 3.82 -2.13
(1.33) (2.51) (5.00) (3.22) (1.67) (3.22) (2.62)
self-employed 2.55 -8.79 1.87 -0.31 -1.11 -0.01 11.08
(2.12) (4.40) (11.91) (5.80) (3.44) (4.26) (11.22)
not employed -2.13 -3.12 6.74 -4.10° 0.05 -6.47 -9.03™
(2.19) (2.56) (4.68) (2.32) (1.90) (3.87) (3.13)
EQ-8D-8L* -0.18%* -0.08 -0.23 -0.03 -0.06 -0.43™ -0.05
0.07) (0.06) (0.180) (0.08) (0.06) (0.14) 0.11)
awareness Q2 -1.09 1.36 -1.27 -2.83 -1.19 2.66 -1.15
(0.56) (3.28) (5.96) (3.18) (1.83) (4.42) (3.83)
awareness Q3 -2.43 4.88 -4.50 -5.41 0.93 -2.87 -3.89
(1.65) (3.44) (85.78) (3.56) (1.81) (4.11) (3.62)
awareness Q4 4.26 11.03" 2.04 -1.24 2.48 7.08 4.36
(2.31) (4.56) (6.23) (4.54) (2.52) (4.47) (5.50)
no past exp. -3.02 -3.21 -1.61" -5.46" 2.28 -18.5™ -3.19
(2.17) (4.87) (3.80) (3.29) (1.62) (5.66) 8.21)
HRAS Q2 -0.38 -1.01 -0.98 5.52 -0.66 -4.55 0.06
(1.17) (2.91) (4.29) (3.60) (2.06) (4.92) (4.21)
HRAS Q3 -0.17 3.417 0.18 5.00 -0.83 -8.98" -1.76
(1.69) (8.12) (4.59) (3.50) (1.12) (4.58) (4.68)
HRAS Q4 4.92% 5.37 14.72™ 5.94 1.55 1.91 -1.07
(2.04) (3.97) (6.31) (3.94) 2.11) (5.14) (4.15)
constant -10.8 -4.79 -34.07 -30.21 3.33 44.35 -13.55
(10.7) (26.10) (30.5) (21.89) (12.45) (29.98) (30.63)
Observations 2,411 457 421 420 374 403 342
R? 0.156 0.167 0.218 0.117 0.173 0.2417 0.161
AIC 23,173 4,409 4,288 3,981 2,980 3,815 3,238
BIC 23,202 4,471 4,357 4,049 3,047 3,943 3,303
RMSE 29.263 29.553 38.644 27.120 12.716 29.031 26.859

Note: Q, quartile; Standard errors in parentheses; * p < 0.10, ** p < 0.05, #*+ p < 0.01;
Outliers defined as WTP > 5% of income; # sum score rescaled from 0 to 100.
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Discussion

To estimate the value of an international integrated early warning system for infectious
diseases and food-borme outbreaks aimed at increasing health safety, we developed
a two-stage contingent valuation experiment. A survey containing the experiment
was administered to balanced samples from Denmark, Germany, Hungary, Italy, the
Netherlands, and the UK. The share of respondents indicating a WTP of zero varied
between 7.3% in Italy and 23.2% in Hungary, of which most were protest zeros.
Excluding protest answers and outliers (with a WTP exceeding 5% of income), the
elicited overall mean monthly WTP per household was €21.80 (median=€10.00). This
value ranged from €8.89 (median=€3.85) in Hungary to €28.33 (median=€13.42) in
Denmark. The corresponding standard deviations were substantial, expressing either
diverse or ill-formed preferences. Differences between countries can partly be
explained by the variation in purchasing power, Hofstede’s cultural dimensions and
trust in public institutions. The results, in general, indicate that the majority of
respondents see a certain value in the early warning system. Regression analyses
showed that throughout countries and models, income, as expected, was the most
important determinant of the WTP values elicited in our experiment.

Limitations and validity

Before discussing the implications of our findings, we must acknowledge several
limitations inherent to our analysis and the contingent valuation approach. Individual
WTP estimates are susceptible to the design and framing of a WTP exercise.*® For
instance, by instructing respondents to consider other similar contributions to inform
their WTP (see online Appendix C), we may have introduced a possible anchor point
for some individuals, biasing our results.!®® Furthermore, by listing very serious (but
low probability) threats like Ebola, Sars and bird flu in the description of what the
system aims to contain and mitigate, respondents may have overestimated the
potential health gains of the system. However, as the aim of our analysis was to capture
gains in their feelings of safety in the valuation, this is of less concern. A possibly more
problematic concern of this type of contingent valuation studies is the respondent’s
sensitivity to the chosen payment scale.*%!5 It has also been reported that valuations
are relatively insensitive to framing the payment as a monthly or yearly instalment.'5*
To reduce the effects of such potential biases in our study, we tested two additional
versions of our survey, varying payment scale and frequency of payment, and chose
the survey version, which provided the most internally consistent results. The two-
stage approach, asking respondents for a value they would definitely pay and a value
they would definitely not pay before the actual valuation, also aims to reduce midpoint
bias and scale sensitivity. Including a “more” option in the payment scale was
intended to decrease endpoint bias. A further limitation of WTP studies, in general, is
the hypothetical nature of the experiment itself. Whether respondents would indeed
pay the elicited amounts in real life is questionable. Research has shown that
hypothetical WTP questions typically lead to an overestimation of actual WTP. 154158
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A limitation specific to our analysis is that the actual unit of valuation, an
international integrated early warning system for infectious diseases and food-borne
outbreaks, is also a hypothetical construct, as it is not in existence yet. The survey
included a concise description of its general purpose (online Appendix A), but we did
not provide any more detailed information on the actual functioning and effectiveness
of such a system. We also do not know about respondents' expectations concerning
potential future (health safety) benefits through such a system. Besides these tangible
benefits, individuals might also have incorporated potential improvements in the
feeling of safety due to the system in their WTP valuation, as well as other benefits.
Respondents may have unrealistic expectations regarding the potential (health)
benefits of the early warning system, leading to distorted WTP valuations. However,
as mentioned earlier, individuals make similar decisions without complete knowledge
of real risks or benefits when deciding on specific types of insurance coverage. In
both cases, they include perceived risks and benefits in their decision-making.

One further noteworthy limitation of our study is the exclusion of individuals aged
65 and above. One could argue that the WTP would be higher in the excluded group
as they are in general more vulnerable to infectious diseases. We do not find strong
evidence for this hypothesis, considering that the coefficients of age-squared are not
significant in general and small in size. Future studies could investigate this age group
further.

Despite these limitations, there are several aspects, which generate some
confidence in the validity of the chosen design and our findings. For instance, the
included warm-up exercise eliciting the WTP for the market good shoes provided
plausible results, with means ranging between €61.09 in Hungary and €138.54 in
Denmark. These results suggest that the respondents understood the question format
and the WTP elicitation exercises and answering formats. Results from the survey
module about contents insurance furthermore indicate, that the stated WTP, i.e., the
perceived value of the system, somewhat corresponded to an actual WTP. This can
be inferred from comparing elicited WTP and premiums paid for home contents
insurance (as reported by respondents) in relation to respondents’ indication of their
relative value. For example, respondents who indicated the values of the warning
system and home contents insurance to be similar, the mean difference in premiums
and estimated WTP was €5.28 with half of the differences lying within an (admittedly
arbitrary) €10 range.

The results from our regression analysis moreover demonstrated that, in general,
WTP behaved as expected. WTP increased with income and to some extent with
awareness of outbreaks and risk aversion. The positive effect of the level of trust in
public institutions and the significance of the included cultural dimensions were
further reassuring findings.

Considering that most of the mentioned limitations are inherent to willingness-to-
pay approaches, one could wonder whether other methodologies, not based on
stated preferences, would have been the more appropriate methodological choice.
Such methods could entail using valuations of statistical life years or monetising the
potential health gain using QALY threshold values. However, there are two main
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reasons, concerning feasibility (mainly due to the limited current knowledge about
the warning system) and scope of the analysis, why this is not the case. First, the
statistical life year approach requires the availability of certain types of (international)
data, which, at this stage of the COMPARE project are not available, yet, if they can be
provided at all, or are difficult to obtain in general. Using QALY thresholds, on the
other hand, requires the availability of threshold values in all countries of interest,
while explicit threshold values are only available for the UK and the Netherlands.
Noteworthy in this context is also that some of the estimates of the value of statistical
life years and QALYs are based on willingness-to-pay studies, which had similar
drawbacks as our study. Second, and more importantly, applying either of these
methodologies would shift the focus exclusively on valuing direct health gains of the
warning system. We opted for the current methodology and operationalisation as we
intended to also capture the society’s valuation of the perceived feeling of safety that
comes with the envisaged system. The applied methodology is admittedly not perfect,
with results also reflecting beliefs and imperfect information of respondents, which,
next to methodological limitations, warrants caution in their interpretation.

Implications of study findings

Notwithstanding this, our study provides results, which have implications for
policymakers and stakeholders in the context of interventions increasing health safety
of the population in European countries. For instance, in a more general sense, our
results indicate that most European citizens seem to value an early warning system
when using additional taxation as a payment mechanism in an experimental setting.

Aggregating our WTP estimates to a national or international level can inform
discussions about appropriate funding of the warning system, given current
knowledge and perceptions of the effectiveness of such a system. While we stress the
explorative nature of our study, based on the median WTP estimates from Table 12,
the relevant number of households (excluding the share of protesters), and assuming
50% of those households would be eligible to pay the additional tax, an aggregate
WTP of €6.5bn for all six included countries per year would be estimated (see online
Appendix F). Considering that health care spending on prevention is rather modest
in the included countries (compared to spending on curative care), this may be
considered a high amount. While the mentioned limitations related to estimates of
individual WTP apply to the aggregate as well, it can help to give such a number a bit
more context. A study from the Netherlands in 2007 estimated a vyearly
comprehensive national spending on preventive measures aimed at infectious
diseases of €261.46 per capita (inflation-adjusted €333.16 in 2018).!%¢ This national
spending includes vaccinations but in particular, infrastructure aimed at protection
from infectious diseases like waste disposal and clean water technologies. An early
warning system could be seen as an add-on to this existing infrastructure. On a per
capita level (17.3m citizens), the aggregated WTP in the Netherlands would be
€23.71, which corresponds to 7.1% of the previously calculated comprehensive
national spending on infectious disease prevention.
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Assuming that the calculated aggregate WTP corresponds to actual yearly costs
and that the early warning system would reduce the burden of disease of influenza of
81.8 DALYs per 100,000 in the six included European countries by 20%, e.g., through
rapid sequencing of new types of influenza and timely vaccinations, the costs per DALY
averted would amount to €164,190. This ratio does not yet include DALYs averted in
other infectious diseases or food-borne outbreaks, nor does it account for the economic
burden of such outbreaks, which can be considerable,'* or more intangible benefits
like the increased feeling of safety.

In terms of the methodology used in this study and the specification of the
contingent valuation approach, future research should investigate the use of more
precise assumptions about the actual benefits of such a warning system and how this
impacts the WTP valuations. As soon as information on the effectiveness of a COMPARE
like warning system is available, it could also be of interest to explore the value of the
direct health gains, e.g., using a statistical life year approach or different national
estimates of the value of health gains.

Conclusion

Overall, our analysis provided first estimates of the perceived value of this type of
early warning system in European countries. While the used approach is clearly not
without limitations, the results of our analysis can be relevant to policymakers when
discussing investments in health safety on a European level in general, and an early
warning system for infectious diseases in particular. However, future research will
have to provide further information on what this system would look like, the costs
associated with installing and maintaining such a system, and how effective it would
be at actually increasing health safety, i.e., reducing the risks of pandemics and
outbreaks as well as mitigating their impact, among European citizens. Only then, it is
possible to assess whether the investment in such a system is money well spent and
health and welfare improving.
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Chapter 6

Abstract”

The COVID-19 pandemic highlights the need for effective infectious disease outbreak
prevention. This could entall installing an integrated, international early warning
system, aiming to contain and mitigate infectious diseases outbreaks. The amount of
resources governments should spend on such preventive measures can be informed
by the value citizens attach to such a system. This was already recognized in 2018,
when a contingent valuation willingness to pay (WTP) experiment was fielded, eliciting
the WTP for such a system in six European countries. We replicated that experiment in
the spring of 2020 to test whether and how WTP had changed during an actual
pandemic (COVID-19), taking into account differences in infection rates and stringency
of measures by government between countries. Overall, we found significant increases
in WTP between the two time points, with mean WTP for an early warning system
Increasing by about 50% (median 30%), from around €20 to €30 per month. However,
there were marked differences between countries and subpopulations, and changes
were only partially explained by COVID-19 burden. We discuss possible explanations
for and implication of our findings.

“The online version of this article (https:/doi.org/10.1007/s10198-021-01353-6) includes
supplementary materials relating to appendix tables Al to A8 and figures Al to A4 in this
chapter. The code for the analysis presented in this chapter can be accessed through the Open
Science Framework: https://osf.io/2wtve/.
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Impact of COVID-19 on WTP or an early warning system for infectious diseases
Introduction

The current COVID-19 crisis and previous infectious disease outbreaks show that
uncontrolled pandemics can have disastrous global consequences, 57158 with recent
estimates putting the global price tag of COVID-19 in terms of economic and disease
consequences at 8 to 16 trillion dollar.'®® At the same time, the likelihood of the
occurrence of pandemics, as well as the magnitude of their impact in terms of disease
and economic burden, can be lowered drastically if appropriate measures are taken. !
Pandemic prevention could, for example, consist of reducing the likelihood of zoonosis
outbreaks themselves in different ways. It was estimated that a global strategy,
involving measures like limiting deforestation and wildlife trade, as well as
implementing early detection and control measures, would require yearly investments
of over 20 billion dollars, but could be highly cost-effective.!%® Aiming to prevent and
control zoonosis outbreaks early on, however, is only one, although important, piece of
the puzzle of prevention of and preparedness for future pandemics.'! Governments
around the globe, independently, or on a supranational level, must ask themselves how
to prepare for, or prevent, a next pandemic or similar health crisis. This also involves
choices regarding how much funds can or should be invested in pandemic prevention
measures, not knowing when and if such an event will occur again. As was pointed out
by Chilton et al. (2020),'%? (welfare) economic tools can assist “in the process of building
preparedness for similar future events”. Next to calculations like those presented by
Dobson et al. (2020),'% information on society’s willingness to pay for pandemic
prevention measures can provide useful information in this context.

This was recognized also before the COVID-19 outbreak. Himmler et al. (2020)!63
attempted to estimate the willingness for improvements in health safety provided by an
international, integrated early warning system for identifying, containing, and
mitigating large infectious disease outbreaks. Using a willingness to pay (WTP)
experiment with samples from six European countries, they found a mean monthly
WTP of €21.80 (median €10.00) per household for such a system, with large differences
across countries (from € 8.89 in Hungary to €27.32 in Italy). The data for this study was
collected in March 2018, two years before the COVID-19 outbreak, using hypothetical
scenarios.

The current COVID-19 crisis provided the opportunity to test whether this
willingness to pay would change now that a pandemic is reality rather than only a
hypothetical scenario. Hence, we replicated the study by Himmler and colleagues in
the spring of 2020, at a time when COVID-19 cases were increasing exponentially,
economic consequences of the pandemic became clearer, and strict governmental
measures were already imposed across Europe. This replication entailed fielding the
same survey, using the same sampling approach, and same procedures to estimate
and analyze WTP, to ensure maximum comparability between the two studies.

While one might expect the perceived value of such a warning system for infectious
diseases to increase during a pandemic, as its usefulness may be more apparent and
individuals’ preferences more informed, we aim to confirm this and explain any
differences across the two time points by re-running the same models and comparing

111



Chapter 6

results. We also want to investigate whether differences are related to the impact of
COVID-19, in terms of cases per 100,000 population, and the stringency of
governmental measures at the time of sampling. In addition, by replicating different
WTP scenarios in a new context (the pandemic), this study addresses common
methodological questions regarding stated preference studies in general and
contingent valuation WTP studies in particular, namely their sensitivity to scope and
context.!®* This may provide further insights into the validity of estimates obtained
through such studies and, hence, their policy relevance. While neither of the two
experiments may necessarily elicit the “true” WTP, the unique set-up allows us to at
least attempt a more nuanced interpretation of the WTP data, which ultimately may also
inform public investments into pandemic prevention.

Methods

Survey and willingness to pay scenarios

In the spring of 2020, we re-fielded a survey including a willingness to pay experiment,
which was initially administered in 2018 to samples from the UK, Denmark, Germany,
Hungary, Italy, and the Netherlands.!®® The same online panel provider was used
(Dynata) to obtain samples of 500 individuals from each of these countries (as in the
2018 survey). We aimed for the same number of respondents as in the 2018 survey to
ease comparability of WTP estimates across the two data collections. Using quota
sampling, the country samples were aimed to be representative in terms of age and
gender for the working age population (aged 65 or younger). The 2020 survey
additionally included a sample of 500 individuals from northermn Italy (defined as the
regions north of Lazio and Umbria), where COVID-19 cases, mortality and lockdown
measures were most severe at the time of sampling.

The contingent valuation procedure consisted of a two-step payment scale
approach followed by an open-ended question to elicit the maximum willingness to pay
for an integrated, international early warning system for infectious diseases. The
original survey consisted of eight scenarios specifying different levels of risk reduction
and (health) consequences of an outbreak; respondents all completed two basic
scenarios first and were randomly assigned two of the six remaining scenarios. The
2020 survey only included the four most realistic scenarios for the current context. The
flow of the WTP scenarios in the 2020 survey and the corresponding per country target
samples available for analysis across the two timepoints is shown in Figure 14. Each
respondent completed three scenarios. All respondents completed the ‘System’ and
‘Base case’ scenarios first (names not shown to respondents) and were then
randomized to either the ‘Certainty’ or the ‘Death’ scenario.
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2018 WTP without specifying risk 2020
N=500 reduction N=500
‘System’

'

WTP if risk of infection is
N=500 reduced from 4% to 2% N=500
‘Base case’
I
v - ) v )
WTP if risk of infection with |
deadly disease is reduced
from 4% to 2%
‘Death’

WTP if risk of infection is
N=300 reduced from 4% to 0% N=250 N=100
‘Certainty’

N=250

Figure 14: Willingness-to-pay scenarios and target samples per country for 2018 and
2020 survey. The 2018 survey included additional scenarios not shown here. The
target sample for Italy in 2020 was 1,000, 500 of which from northern Italy (north of
Lazio and Umbria).

In the ‘System’ scenario, it was outlined to respondents that establishing and
maintaining an international integrated warning system aimed at containing and
mitigating infectious disease and food-borne outbreaks, like Ebola, SARS, bird flu and
salmonella (COVID-19 was added to the 2020 survey), is costly. Respondents were
then asked to assume that the funding would take place through national taxation via
monthly instalments starting immediately and were then asked how much they would
be willing to pay per month for having this international, integrated warning system. In
the ‘Base case’ scenario, a 4% risk of becoming infected with a virus within the next
three months was specified. If infected, health would reduce from a good to a bad
health state for the duration of one year, which were described using EQ-5D-5L profiles
corresponding to utility values of 0.887 and 0.574 (using the UK tariff from Devlin et al.,
2018 for all countries).® Respondents were then asked to imagine that the risk to
become infected can be reduced from 4% to 2% through the early warning system and
subsequently had to state their willingness to pay analogous to the previous scenario.
In the ‘Certainty scenario’, the risk reduction was specified to be from 4% to 0%. In the
‘Death’ scenario, the risk and the reduction were the same as in the ‘Base case’
scenario, but the consequence of an infection would be immediate death instead of a
health deterioration for the duration of one year. Before each of the risk scenarios,
respondents were made familiar with the concept of risk and probability using visual
aids, similar to Bobinac et al. (2014).1 More details about the structure of the survey,
the design of the WTP exercise, and type of survey administration and data collection
can be found in the preceding study.!
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Timing of data collection

In addition to the available data of 3,140 observations from the 2018 survey, we were
able to collect WTP responses from 3,979 individuals in March/April 2020 of whom 650
also participated in the 2018 survey. Figure 15 shows the timeline of the data collection
in relation to the prevalence of COVID-19 cases and the timing of restrictive policy
measures in each of the included countries.!51% Most of the sample was collected in
the last weekend of March 2020. This was at a time when the number of cases was
increasing rapidly in all included countries and restrictive policy measures, with a
significant impact on peoples’ lives and daily activities, had been in place for a couple
of weeks, with Hungary as the exception for both. The prevalence of COVID-19 in that
period was consistently two to three times higher in Italy compared to Germany, the
Netherlands, the UK, and Denmark, which all experienced a similar trajectory.
Throughout the sampling period, the confirmed COVID-19 cases remained at a low
level in Hungary. These considerable differences between countries need to be kept
in mind when interpreting the results of our analysis.
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Figure 158: Timing of survey responses, COVID-19 cases, and Government Stringency
Index of measures. Case data from ECDC (2020).'% Stringency index from Oxford
COVID-19 Government Response Tracker. !¢
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Data analysis

Before analyzing the WTP data, several steps were undertaken to facilitate a valid
comparison across countries and timepoints, taking the results presented in Himmler
et al. (2020) as a reference. First, income and WTP values from the UK, Denmark and
Hungary were converted to Euro values using the average exchange rates from March
2018 and 2020, respectively. Second, using the same criteria as in the previous study,
protest answers (defined as zero response justified by warning system being a
government task), and outliers (defined as a monthly WTP larger than 5% of monthly
household income, which was deemed an unrealistic WTP) were identified in each of
the four scenarios and excluded from the WTP analysis of the respective scenario.
Third, using the country specific consumer price indices for March 2020 from Eurostat,
2020 income and WTP values were deflated to 2018 values.!” Fourth, country specific
monetary values were purchasing power adjusted using the latest available purchasing
power parities from 2018 and the European 27 countries index as a base.!4¢

All monetary values reported in this study therefore represent PPP adjusted values
in 2018 prices. To facilitate the comparison of regression results across the two time
points when pooling country level data together, we weighted the 2020 WTP scenario
observations according to the country composition in 2018. Although all country
samples at both time points initially consisted of roughly 500 respondents, this was
necessary as the data cleaning (protest answers and outliers) lead to unbalanced
samples at both time points. The additional sample of 500 respondents from Norther
Italy was omitted from these pooled regressions on the representative samples.

After these steps, mean and median willingness to pay were calculated for each
scenario for all countries, the repeated sample (of respondents who participated in
2018 and 2020), and the total sample. To check whether a change in WTP would be
related to changes in WTP (or ability to pay) across all kinds of products, we calculated
the difference in WTP between the two time points for a pair of shoes, the included
warm-up WTP exercise. To facilitate a comparison, the shoe WTP values were rescaled
to the mean WTP in the ‘System’ scenario in 2018.

To test if the changes in WTP across the timepoints were significantly different and
not a result of differences in the samples between the two time points, we ran ordinary
least squares (OLS) models in the following form, pooling the data from 2018 and 2020:

Vv‘Tpisc =0gc + BSC*YZOZO"_VSC*SESBC +Sisc (8)

Willingness to pay values for the four scenarios s and the samples ¢ (countries and
combined sample) were regressed on the year indicator y2020, controlling for the
vector SES which contains the following variables: log of monthly household income,
age, age-squared, gender, level of education, marital status, and employment status.
Only the resulting 8 parameters, which indicate the change in WTP due to the COVID-
19 outbreak, will be reported. Standard errors were clustered on country level for the
combined sample regression. A similar fixed effects regression, excluding the time
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invariant covariates, was run for the sub-sample of individuals, which were observed
at both time points to account for time invariant unobservables.

Himmler et al. (2020) conducted linear regression analysis to examine whether
factors influencing WTP were in line with theoretical considerations, as well as previous
empirical findings of WIP determinants. To test if there were meaningful shifts in the
importance of these determinants between 2018 and 2020 samples, and whether these
could be linked to the COVID-19 outbreak and its consequences, we repeated the
analysis for both timepoints. WIP values from all four scenarios (Figure 144) and
countries were combined, increasing the number of observations and therefor the
statistical power to detect significant changes.

WTP was modelled as a function of the same vector SES as in equation (8); health
status, as measured using the sum score of the EQ-5D-5L; the level of awareness of
outbreaks; whether individuals or a family member have been exposed to an infectious
disease outbreak before or not; and the health-risk attitude of respondents, which was
assessed using the sum score of the six-item version of the health-risk attitude scale
and included as quartile indicators.!” The awareness variable, which was originally a
sum score of 12 Likert-scale questions, was split into three sub-scores to provide more
nuance: personal risk perception and behavior, societal consequences of outbreaks,
and risk and response. For the full questions, see Appendix Figure Al.

[tis important to note that the (statistical) comparison of regression coefficients from
two independent samples is inherently difficult, even if the data generating process is
the same and the samples should be comparable. Consistent inference on the
parameters across the 2018 and 2020 samples was facilitated through Stata’s ‘suest’
command.'”? This command provides estimates for seemingly unrelated regressions
using a joint variance—covariance matrix of all parameters. This allowed us to compute
t-tests comparing coefficient estimates across 2018 and 2020 samples. Standard errors
in the regressions were clustered on individual level to account for the dependence of
WTP responses within an individual.

A significance level of 10% was used throughout the analysis. The statistical analysis
of the data was performed using Stata 16.0 (Stata Corp. 2019. Stata Statistical Software:
Release 16. College Station, TX: Stata Corp LP).
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Results

Sample characteristics

Sample characteristics and country composition are presented in Table 14. While
observations were otherwise equally distributed across countries, we obtained a larger
sample for Italy in 2020, with 394 respondents specifically from north Italy. Information
on the response rate and completion rate was not provided by the sampling agency.
There were no considerable changes in overall respondent characteristics between
the two sampling periods except an increase of the share of dependent employed
individuals from 54% to 58% and an increase in monthly household income by 5.4%
(after adjusting for inflation and purchasing power). Important to note is that the level of
income was lower in the 2020 sample for Hungary (Appendix Table Al contains
country level means). The sub-sample of individuals, who were observed at both
timepoints had a significant lower level of income and was significantly older than the
full samples in 2018 and 2020. Furthermore, the repeated sample has been previously
exposed to infectious diseases to a lesser degree (Appendix Table AZ). These
differences imply that the individuals who participated twice in the survey, represent a
specific selection of individuals. In this hereafter called ‘repeated sample’, respondents
from the UK, Germany and Italy are furthermore overrepresented, as less individuals
who already participated in 2018 could be sampled from Denmark and the
Netherlands. Appendix Table A4 shows the dataset conditioning for the different parts
of the analysis.

117



Chapter 6

Table 14: Characteristics of full sample and repeated sub-sample across timepoints.

Full sample Repeated sample

2018 2020 2018 2020

Monthly income in €2 2,917(3,765) 3,052 (4,969) 2,871" 2,726"
(2,038) (4,564)
Age 42.2 (14.0) 42.7 (18.1) 43.8"(12.2) 458" (12.1)
Female 0.51 0.51 0.580 0.50
No finished sec. 0.03 0.03 0.03 0.02"
education
Finished high school 0.57 0.57 0.88 0.58
Tertiary education 0.40 0.40 0.39 0.40
Married 0.58 0.57 0.56 0.59
Employed 0.54 0.58 0.58" 0.60
Self-employed 0.10 0.11 0.12" 0.11
Unemployed 0.06 0.08 0.08" 0.07
Homemaker 0.07 0.06 0.07 0.07
Student 0.10 0.06 0.05" 0.04"
Retired 0.09 0.08 0.07" 0.08
Unable to work 0.04 0.04 0.03 0.03
Country
UK 0.18 0.16 0.19 0.19
DK 0.16 0.13 0.10 0.10
GER 0.17 0.16 0.19 0.19
HUN 0.16 0.13 0.16 0.16
IT 0.17 0.17%! 0.25 0.15>!
0.10? 0.10°2

NL 0.17 0.16 0.11 0.11
Observations 3,140 3,979 650 650

Note: @ln 2018 PPP. Income information was available for 2,772 and 3,608 respondents
in full sample and 578 and 584 respondents in repeated sample. ®'South and *?North
Italy. “p < 0.10 in independent t-tests comparing repeated to full sample in the
respective year.

Changes in awareness, exposure, health-risk attitude, health, and well-
being
To aid in interpreting the WTP results, we will first summarize some descriptive
evidence on changes in contextual factors like awareness of outbreaks, health risk
attitude, past exposure, and health and well-being between the March 2018 and March
2020 samples. More detailed descriptions of these factors and/or the corresponding
results are provided in Appendix 1.

Overall, the awareness or perceptions of risks and consequences of infectious
disease outbreaks increased (Figure Al). People feel more at risk compared to others,
would be more willing to take precautionary measures advised by authorities, are more
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concerned about infectious diseases compared to other diseases, and are informing
themselves about outbreaks more often. They are more aware of the damage such
outbreaks can have on health, social life, and the economy, while agreeing to a much
higher degree that outbreaks are a major public health concermn (65% to 81%).
Interestingly, the share of individuals, who think that the risk of outbreaks cannot be
lowered by taking precautionary measures, remained almost the same (7% to 6%). A
striking observation is that even during the COVID-19 pandemic, 45% of respondents
agreed with the statement that outbreaks originate in other countries, and it would be
their responsibility to deal with them (44% in 2018), dismissing the need for an
international response.

The sample of March 2020 was, in general, slightly more health-risk averse with a
mean HRAS score (range 6-42) of 30.1 (SD 5.8) compared to the 2018 sample (28.8, SD
5.7). This shift can largely be explained by respondents agreeing to a greater extend
with the statement "To enjoy good health now and in the future, [ am prepared to forego
a lot of things” (49% to 62%) (Figure A2). The relative increases in awareness and
health risk aversion between 2018 and 2020 were similar across all countries
(Appendix Table A3). The highest levels thereof were observed for Italy for both time
points.

The share of individuals reporting that they themselves or a family member have
been exposed to an emerging infectious disease or foodborne outbreak in the past
decreased from 19% to 16% in the total sample. In Italy, this share increased from 13%
to 16% and 18% in north and south Italy, respectively. The large differences in self-
reported exposure between countries (Appendix Table A3) may partly be aresult of a
different interpretation of the question (in 2018 the share varied from 10% in Denmark
to 62% in Hungary). Similarly, observed decreases in the rate between the two
timepoints could reflect more accurate responses in 2020, as respondents were likely
more knowledgeable about the subject area due to the COVID-19 outbreak. In terms
of the impact the COVID-19 outbreak on self-reported health, life satisfaction and
capability well-being, we did not observe any meaningful changes between the 2018
and 2020 sample (Appendix Figure A3).

Willingness to pay across countries and timepoints

Of the total of 20,606 WTP values across the four scenarios, 1,104 were classified as
outliers, and 1,643 as protest answers (Appendix Table A5 provides scenario level
information). Dropping these observations lead to a WTP analysis sample of 17,859
observations. The share of protest answers and zero WTP responses were in general
lower in 2020 compared to the 2018 sample, apart from the ‘Death’ scenario. The
largest drop in the share of protest answers was observed for Hungary (e.g., from 17%
to 7% for the ‘System’ scenario. The share of WTP values classified as outliers on the
other hand, increased for almost all scenarios and countries.
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Figure 16: Changes in willingness to pay for an early warning system across

scenarios, countries and timepoints. WTP in 2018 PPP. Changes in mean WTP from
201810 2020 represented as bars. WTP for shoes as reference and rescaled to ‘System’
2018 values. Deep colour bars for Italy represent additional WTP in northern Italy
compared to southern Italy and 2018. Total sample values weighted to maintain same
country composition in aggregate. B parameters represent coefficients of the y2020
dummy variable from regression on the pooled sample, controlling for log of income,
age, gender, education, and marital and employment status (Equation 8). N is the
number of observations in the respective regressions. “p < 0.10 ™ p < 0.05 ™ p < 0.01.

Figure 16 presents mean and median WTP for an early warning system for infectious
diseases across scenarios and countries, comparing 2018 values to the values obtained
during the COVID-19 outbreak in 2020. The Figure also includes the scenario and
country level estimates of 3, the timepoint dummy from the pooled regression analysis
(equation 8). There is large variation in WTP values across countries, scenarios and
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timepoints. Important to note is that the country specific WTP values were rather stable
across the four scenarios, despite the differences imposed in the scenario description
(Figure 14). The total mean WTP increased by between 30 and 40%, depending on the
scenario, corresponding to an additional monthly contribution of 7€ to 9€ (baselines
values were 20€, 21€, 23€ and €22 for the four scenarios). The total median monthly
WTP increased by between €1.6 to €3.6 (15 to 40% increase). The total variation in
elicited WTP values more than doubled in each of the four scenarios. In 2018, the
variation in WTP in the ‘System’ scenario was 28.6, while in 2020 the standard deviation
was 71.2.

The largest increases across all scenarios were found for Denmark. There, WTP in
the ‘System’ scenario almost doubled, even after accounting for differences in socio-
economic characteristics (baseline 2018 value of €22, B-coefficient €20.6). Besides for
the ‘Certainty’ scenario in the UK, moderate increases in monthly WTP of up to €10
were found in the remaining countries. The WTP was lowest in Hungary, with values
remaining almost stable across timepoints (maximum monthly WTP increase of €2.8
and not significant). There was a larger increase in monthly WTP in northern Italy (up
to €9.1) compared to the south, with the Italian sample having reported the highest
levels of WTP in 2018. Interestingly, WTP was stable or even decreased in the subset
of observations, which were observed twice. Results from the reference point included,
WTP for a pair of shoes (rescaled to mean of the ‘System’ results for 2018), indicated
that willingness and ability to pay, in general, slightly increased, except for Hungary
and the repeated sample, across the two timepoints.

As COVID-19 cases and governmental measures increased over the period of data

collection (Figure 15), whether certain sub-samples were collected particularly early
on or later may have impacted WTP. However, we found no worrisome pattern in our
data.
Figure 17 plots willingness to pay values for the 2020 sample against the country
aggregate number of COVID-19 cases and the government stringency index. There
seems to be a positive relationship between number of cases and the WTP for an early
warning system. Interestingly, the occurrence of extreme values seems to decrease
over time (higher number of cases equals later timepoint as number of cases was
consistently increasing over the sampling period) within most countries. A positive
relationship was also observed for WIP and the government stringency index,
although the variation in the strictness of government measures was much smaller
(Figure 17).
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Figure 17: Willingness to pay during COVID-19 outbreak in relation to number of
cases and measures. Case data from ECDC (2020).1%¢ Stringency index from Oxford
COVID-19 Government Response Tracker.!%° Horizontal line represents linear fit.
Random variation added to GSI (jitter).
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Determinants of willingness to pay

Table 15 presents results of the seemingly unrelated estimation procedure, allowing
the comparison of coefficients of WTP determinants across 2018 and 2020 sample. A
structural difference in the overall associations was also confirmed by a Chow-test,
which rejected the null hypothesis of equality of coefficients in the 2018 and 2020
samples (chi-squared: 56.37, P < 0.01). The included variables explained a larger share
of the variance in WTP in the 2020 regression. While the directions of associations with
WTP remained stable for some variables (log-income, being female, tertiary educated,
or self-employed, and past exposure), the estimated coefficients switched sign for
variables like being married or unemployed. Besides these changes, large and
significant differences in coefficient size were found for log-income, self-employment,
being in the highest health-risk aversion quartile. Personal risk perception and
behavior also played a larger role for the 2020 WTP values. That coefficient estimates
generally increased may partly be explained by the larger WTP values and the larger
variation in WTP values found in 2020 compared to 2018 (standard deviations in all four
scenarios doubled).

Appendix Table A6 presents the results for the subsample of repeated
observations. As differences in WTP between the two timepoints were considerably
less pronounced in this sample, changes in the importance of determinants occurred
less frequently. The Chow test further confirms no structural change in overall
coefficients between the two timepoints (chi-squared: 19.21, P = 0.57). In general, the
variables followed a similar pattern compared to the full sample. A notable exception
is that the coefficient of self-employment did not increase. No structural change in
coefficients estimates was also found in the subsamples of respondents from Italy based
on the Chow test (chi-squared: 22.53, P = 0.13).T Interestingly, the coefficient of past
exposure decreased (Appendix Table AT).

T Excluding the additional sample from northern Italy in 2020, as we did not have comparable
data for this sample for 2018.
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Table 15: Determinants of willingness to pay across time points

2018 2020 P-value
Socio-economics status
Log income 9.41™  (1.01) 33.57"  (3.70) <0.001
Age (A5 years) -5.38™"  (1.39) -2.87 (2.71) 0.399
Age-squared 0.18™ (0.08) -0.03 (0.15) 0.220
Female 385" (1.03) 278  (167) 0.682
Tertiary education 1.21 (1.10) 423"  (1.48) 0.099
Married 217" (1.03)  -1587™ (3.12)  <0.00l
Self-employed 2.06 (2.09)  3895™ (1.65)  <0.001
Not employed -2.28"  (1.14) 8.37™ (2.19) <0.001
EQ-5D-5L sum score (A5 points) -0.89""  (0.22) -0.01 (0.31) 0.019
Awareness of outbreaks
Personal risk perception (A5 points)  6.02""  (0.82) 13.16™  (1.95) 0.007
Societal consequences (AS points)  -2.14™"  (0.80) -1.52 (2.12) 0.784
Risk and response (A8 points) -2.07 (1.29) -17.317 (3.90) <0.001
Past exposure 420" (1.28) 2.37 (1.95) 0.432
Health risk aftitude
HRAS-SF Q2 0.12 (1.33) -2.28 (2.40) 0.382
HRAS-SF Q3 -0.40 (1.33) -1.27 (2.12) 0.729
HRAS-SF Q4 4.88™" (1.56) 12.18""  (2.46) 0.011
Observations 6,611 8,442
Adjusted R-squared 0.190 0.278
Chow test statistics 56.37"" P <0.01

Note: WTP values from all four scenarios as dependent variable. Standard errors were
clustered on individual level and are presented in parentheses. Northern Italy
subsample from 2020 excluded. Country dummies and constant omitted from table.
Regression is weighted by 2018 country sample sizes. “p < 0.10, * p < 0.05, ™ p <
0.01.

Discussion

Summary of WTP results

During the onset of the COVID-19 crisis in Europe, we repeated an experiment from
2018 by Himmler et al., which elicited the WTP for improvements in health safety
provided by an international, integrated early warning system for identifying,
containing, and mitigating large infectious disease outbreaks. Overall, we found
statistically significant increases in mean monthly WTP by about 50%, depending on
the specified WTP scenario (e.g., from €20 to €28 in the ‘System’ scenario), while the

124



Impact of COVID-19 on WTP or an early warning system for infectious diseases

corresponding medians increased by about 30% (e.g., from €9 to €13 in the ‘System’
scenario). Differences between countries were more pronounced compared to the
2018 data collection. The largest increases in WTP were observed for the UK, Denmark,
and Italy. We furthermore found rather stable WTP values in a sub-sample of
individuals before and during the COVID-19 outbreak. Most of these individuals did
not change, or only slightly, their WIP between the two timepoints (Figure A4).

Possible explanations of changes and patterns in WTP

The observed moderate increases in WTP for an early warning system for infectious
diseases elicited pre-pandemic and during the first wave of COVID-19 in Europe may
be interpreted in different ways. An optimistic interpretation is that the experiments set
out to elicit WTP twice for the same good: an early warning system. The fact that the
resulting WTP estimates at both points in time were not considerably different could
signal that the anticipated risks and consequences of pandemics influencing the WTP
during the first experiment were similar to the more informed ones during the second
experiment. The higher awareness of outbreaks, and the risk and consequences of
their occurrence, which we observed, then lead to respondents forming reasonable
and realistic increases in WTP given their ability to pay. The elicited WTP estimates in
2020 then constitute an upper bound, as the COVID-19 pandemic and its
consequences likely and hopefully remain an extreme variant of an infectious disease
outbreak.

A more pessimistic interpretation would be that the chosen approach does not
invite respondents to reveal changing preferences, for instance due to insensitivity to
scale and scope in the elicitation technique. The methods used in, as well as the framing
and scope of the experiment, may then not adequately reflect changes in ‘actual WIP’
following the COVID-19 outbreak. Although our data does suggest that there is some
plausible sensitivity in our results and also some patterns that represent logical
deviations from the initial WTP estimates, we cannot fully disentangle or refute the
optimistic and pessimistic interpretations of our findings.

In terms of the differences in changes between countries, the finding that WIP in
Italy increased more than for instance in Germany, the Netherlands, and Hungary, may
not be unexpected given that Italy was hit hardest by the pandemic in March/April
2020. We did not find considerable changes in WTP in Hungary, which could be related
to the fact that, at the time of data collection, it was the least affected country. On an
individual level, WTP values during the COVID-19 outbreak seem to be determined to
a higher extent by respondent characteristics. This relates to the potential impact of
such a pandemic on individuals’ lives and livelihoods, or the perceived individual
(health) risks, as well as attitudes towards these risks. The most notable change in WTP
determinants was observed for being self-employed. This is in line with first evidence
from Germany, indicating that self-employed individuals were hit hardest by the
pandemic in terms of economic consequences.!” Gross monthly income was reduced
for 59% of self-employed (vs. 15% of employed), with a median reduction of €1,500.
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Atthe same time, we also found patterns that may be considered more unexpected.
For instance, the increase in WTP in Northern Italy was small in relation to the severity
of the crisis there during data collection. This contradicts the explanation that WTP is
importantly influenced by the severity of the crisis. A potential explanation for this
finding could be that Italians in this region were relatively dissatisfied with the COVID-
19 response of their government, as well as with the assistance from the international
community.!™ This could have decreased their trust in the possibility of an effective
integrated international early warning system. It is also important to note that WTP was
already highest in Italy in the 2018 sample, arguably leaving less room for further
increases. Likewise, finding a high WTP for the early warning system in Denmark does
not appear to correlate with the COVID-19 burden in that country (Figure 15). There, it
may relate both to higher incomes and the high level of trust in national public
institutions and the government,'5? which also prevailed during (the early phase of) the
pandemic.!”™ A further possible explanation for country-level WTP changes not being
directly related, or at times being even reversely related to the burden of COVID-19,
is that contributing to a preventive system now, actually does not help to overcome the
current crisis. Respondents may feel that the current crisis should be given priority in
terms of public expenditures, especially if the COVID-19 burden is severe. In that
sense, it is good to highlight the difference between our study considering preventative
actions, compared to curative, or mitigating actions, for instance asking about the WTP
for a vaccine. Again, given the setup of our study we cannot be conclusive regarding
these potential influences.

Another aspect, which may have influenced WTP values elicited during the
pandemic, could be that individuals anticipated an economic downturn, and the
personal consequences thereof, as a result of the pandemic. Therefore, they might be
less willing (or able) to pay additional taxation. However, results from the non-health-
related reference point included in our survey (WTP for a pair of shoes) and the income
information indicated that, on average, the ability to pay (for everyday products at least)
was not yet significantly affected by the COVID-19 outbreak. Indeed, the first noticeable
economic consequences of the pandemic likely occurred after our sampling period in
March 2020. Also, respondents in the second data collection may have been more
aware of the fact that such a system would help to avoid later losses in income. This
could have resulted in an increased willingness to pay, since they were more aware of
the benefits of such a system for their own economic situation.

These explanations may also have caused WTP values to be fairly stable in the
subgroup of respondents who completed the survey at both moments in time. In
addition, it is important to note that respondents in this subgroup had a lower income
(Table 14) and had a lower level of previous exposure to infectious diseases (Table
A2). The country composition in this sample also did not reflect the original sampling
quotas (equal across countries) and the individuals, who were observed twice, were
different compared to the samples in their respective countries (Table A2). That we
found a small decrease in ability to pay (as measured via the WTP for shoes scenario)
for the repeated sample, which is in contrast to what was found for most included
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country samples, further highlights that this sample represents a specific selection of
individuals.

Additional findings

We found notable shares of protest answers and zero responses. Moreover, a large
share of respondents at the time were not convinced of the need of an international
response during the COVID-19 outbreak. Furthermore, a significant proportion of
respondents were still not aware of (or ignored) the seriousness of the societal impact
of an outbreak, as well as the fact that precautionary measures could decrease the risk
of outbreaks (see beginning of results section). These individuals may therefore
disapprove of the governmental measures taken and might be hesitant to take up
vaccination if available.! 75176

Finding no differences in well-being and life satisfaction between the 2018 and
2020 samples may be somewhat surprising. The fact that the survey was fielded at a
time when the full impact of the crisis on individuals’ well-being and the economy at
large was not clear to respondents (Figure 15) may help to explain this. A study from
Germany, comparing individuals from a large panel sample across April 2020 and
April 2019, also did not find a change in life satisfaction due to the COVID-19
outbreak.!”” Capability well-being, as assessed by the ICECAP-A, which specifically
aims to measure capabilities and opportunities, was also notlower in our second survey
compared to the first, even though the COVID-19 related lockdowns imposed quite
drastic limitations on individuals’ freedom and rights. It is interesting to see how such
outcomes will evolve during the crisis, especially when these restrictions are imposed
for longer periods of time.

Limitations of the analysis

Similar limitations as were outlined in more detail in the first study'® apply to the current
study as well. These relate to more general limitations of stated preferences and
contingent valuation approaches, such as hypothetical response bias, insensitivity to
scope, and framing effects.!%417® These limitations are particularly important when the
good under valuation is less tangible to respondents. This clearly applies here, as the
early warning system for infectious diseases and its consequences are still hypothetical.
Respondents therefore may have had difficulties in imagining such a system and its
potential costs and benefits. Insensitivity to scope, which has been shown to exist
before in the health domain using a similar set up,*! was evident in our analysis
considering the WTP results for the different presented scenarios. The small difference
across scenarios may also be a result of respondents anchoring their WTP on their
valuation of the first presented W'TP scenario (‘System’ scenario). Insensitivity to scope
may also explain the relative insensitivity of observed WTP values to the changes in
circumstances over time, i.e., the COVID-19 outbreak. Regarding the hypothetical
nature of the experiments, the following is important to note: the COVID-19 outbreak
made the pandemic scenario more real. However, whether that made the presented
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WTP scenarios (Figure 14) more realistic for an average respondent, is unclear. If
scenarios were not recognized as relevant for the COVID-19 situation (e.g., because
not so many people will be infected or die, or because the health states were not
deemed plausible in relation to COVID-19), the scenarios possibly remained as
hypothetical as in the first data collection.

In terms of the comparison of the 2018 and 2020 WTP values, it needs to be
acknowledged that ideally, we would have resampled the full 2018 survey population.
This would have enabled us to compare the same individuals within representative
country samples. Although attempted this turned out not to be possible, and hence we
needed to assume that the representative samples from 2018 and 2020 did not differ
too much in terms of unobserved characteristics, which would have influenced WTP.
For example, the data collection during the COVID-19 outbreak on such a topic could
have attracted specific populations who would sooner select into participating in a
survey on this topic. On the other hand, we took several steps, to enable a (valid)
comparison, like PPP adjusting, accounting for inflation, weighting sample
compositions or controlling for observable characteristics in the year-dummy
regressions.

A final limitation concerning our sample is that we do not have WTP information
from individuals aged 65 and older, which are the ones with the highest risk of serious
health consequences due to a COVID-19 infection. The sample of 65 and younger may
be seen as primarily (though clearly not exclusively) affected by economic
consequences. This may be a reason why we found that age and health were not
significant determinants of WTP in 2020, while self-employment and unemployment
were. One might hypothesize that the largest changes in WTIP over time may have
occurred in the risk group of individuals aged 65 and above, which were not included
in our samples. This reduces the generalizability of our findings, especially in contexts
where the financing of an early warning system would be based on contributions from
all citizens, including those older than 65 years of age.

While not a limitation, it is important to note that our study focused on European
countries and similar experiments may have led to very different WTP results in other
parts of the world even after PPP adjustment. Knowledge about COVID-19 and the
public’s perception of the pandemic and the associated risks, factors likely influencing
WTP, vary widely across the globe.!”®!8! In addition, the measures taken against
COVID-19 between for example Europe and East Asia are different, thus may also
translate to differences in WTP for an early warning system, as individuals would value
efforts for either adopting or avoiding these measures more depending on individual
values. One prominent example relate to the type of isolation used (or mandated) for
mild COVID-19 patients,!®218 where East Asian countries such as China adopted
facility-based isolation with financial support and mental health counselling and
lowered patients' anxiety to transmit virus to family members, yet may not be valued in
Western countries such as the UK due to privacy infringements.
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Conclusions

Repeating a European survey from 2018 eliciting the WTP for an early warning system
aimed to prevent or mitigate outbreaks of infectious diseases, we found a higher WTP
in 2020 as compared to 2018 in all countries except Hungary. We also observed a
considerable increase in the heterogeneity in elicited values (both within and between
country samples). Respondents showed some sensitivity to scope and to the context of
the experiment (the COVID-19 outbreak), oftentimes in expected directions. However,
the sensitivity to scope and context varied and should be interpreted with caution (see
e.g., Bobinac et al. (2012)).4! Our results should therefore be taken to represent a range
of WTP values rather than a precise estimate of some ‘true’ WIP for an early warning
system. We also stress that the contingent valuation WTP method has notable
limitations, especially given the abstract nature of an early warning system.

Nonetheless, also in the absence of clearly better alternatives, our study aims to
provide a relevant indication of the societal valuation by European citizens of such an
early warning system for infectious diseases. Conducting a back-of-the-envelope
calculation aggregating the median WTP values at the country level (similar to the
preceding study'®®),* the moderate increases in individual WTP translate into sizable
increases at a societal level. The implied yearly maximum ‘willingness to be taxed’
increased from €1.3bn to €1.9bn in the UK, or from €6.0bn to €7.8bn summed over all
six countries (Appendix Table A8).

Which of these two estimates, ex-ante or during the pandemic, is considered more
informative depends also on the expected context of future outbreaks, which likely will
have less extreme trajectories compared to COVID-19. Moreover, our study was
conducted in the early stages of the pandemic when both duration and full societal
impact were still unclear. Together with further related research during the subsequent
stages of the pandemic, and also information on the (cost-)effectiveness of measures to
prevent and control infectious disease outbreaks, this may inform policy makers on the
type and magnitude of possible investments to prevent future outbreaks or mitigate
their consequences.

* Multiplying the median yearly WTP in the ‘System scenario’ with the number of households per
country, excluding the share of households with protest zero answers, and assuming that 50% of
the remaining households are eligible for this form of taxation.
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Abstract”

Background: Quality of life measures going beyond health, like the ICECAP-A, are
gaining importance in health technology assessment. The assessment of the monetary
value of gains in this broader quality of life is needed to use these measurements in a
cost-effectiveness framework.

Methods: We applied the well-being valuation approach to calculate a first monetary
value for capability well-being in comparison to health, derived by ICECAP-A and EQ-
5D-5L, respectively. Data from an online survey administered in February 2018 to a
representative sample of UK citizens aged 18-65 was used (N = 1512). To overcome
the endogeneity of income, we applied an instrumental variable regression. Several
alternative model specifications were calculated to test the robustness of the results.
Results: The base case empirical estimate for the implied monetary value of a year in
full capability well-being was £66,597. The estimate of the monetary value of a QALY,
obtained from the same sample and using the same methodology amounted to £30,786,
which compares well to previous estimates from the willingness to pay literature.
Throughout the conducted robustness checks, the value of capability well-being was
found to be between 1.7 and 2.6 times larger than the value of health.

Conclusion: While the applied approach is not without limitations, the generated
insights, especially concerning the relative magnitude of valuations, may be useful for
decision-makers having to decide based on economic evaluations using the ICECAP-
A measure or, to a lesser extent, other (capability) well-being outcome measures.

*“ The online version of this article (https://doi.org/10.1007/s10198-020-01231-7) contains
supplementary material relating to Appendix A in this chapter.
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Estimating the monetary value of health and capability well-being
Introduction

Health economic evaluations are increasingly used in health care decision making. In
countries like the UK and the Netherlands, specifically cost-utility analysis is a frequently
applied tool to inform the allocation of scarce (health care) resources, with the aim of
optimising population health.*® In recent years it has been questioned whether health,
measured for example with instruments such as EQ-5D, is the appropriate maximand
in all contexts of health care delivery. Sometimes, the benefits of care interventions may
not be limited to health alone, and the aim of interventions may not be to restore or
improve health, but rather to maintain or increase the well-being of patients.?!?> The
question of what we want to maximise appears especially relevant in the palliative and
elderly care sectors, and in mental health and integrated social care.!®® The
Interventions in those areas may range from pharmaceutical interventions to home care
and, in the context of multi-morbidity, combinations of treatments.

As a consequence, several instruments have been put forward, aiming to measure
quality of life in a broader sense, which could be applied to broaden the evaluative
space of health economic evaluations.®! In this context, some researchers focused on
an operationalisation of Amartya Sen's capability approach,'® which emphasises the
importance of individuals' ability to reach certain well-being states (capability) instead
of being in these states (functioning). A prominent example is the ICEpop CAPability
measure for adults (ICECAP-A), an instrument developed for assessing the capability
well-being of the general adult population. The ICECAP-A measures capabilities in five
dimensions with four levels each: (i) stability (ii) attachment (ili) autonomy (iv)
achievement, and (v) enjoyment.?* The measure was validated and tested in different
contexts with promising results and continues to be validated further.50-52185-187
Moreover, it was shown that the ICECAP-A measures a broader construct and also
comprises complementary information compared to common generic health utility
measures like EQ-5D-3L and EQ-5D-51,.188.189

In the new Dutch pharmaco-economic guidelines specific attention is paid to
broader outcome measures, in particular the ICECAP instruments.!*° This may not only
increase their use in the context of economic evaluations of pharmaceutical and other
interventions, but also brings up the issue as to how the results of such broader
economic evaluations should be used in decision making. Indeed, the current
(applications of) capability measures still raise important questions,'®! including how
results from economic evaluations using capabilities, likely in the form of incremental
cost-effectiveness ratios (ICERs), should be interpreted. Valuable in this context would
be information on an appropriate threshold value for capabilities, analogous to the
quality-adjusted life-year (QALY) threshold for health gains. While the monetary value
of a QALY has been extensively studied, primarily using willingness to pay,®* research
on the monetary value of capability well-being is still lacking.

This study aims to fill this gap, by estimating a first monetary value of a year in full
capability well-being, using the well-being valuation method to ICECAP-A index values
in a representative sample of UK citizens aged 18 to 65. Using the same approach and
sample, we furthermore provide estimates of the same kind for the monetary value of
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a QALY based on EQ-5D-5L data, facilitating a first comparison of the societal valuations
of these constructs.

Methods

Conceptual model

The well-being valuation approach uses observational data to assess the experienced
average impact of a change in a good on individuals' overall utility u, proxied by
subjective well-being (SWB) or life satisfaction, and calculating the change in income
necessary to maintain the same level of utility.'% This obtained monetary valuation is
also known as compensating surplus (CS). This regression-based approach
circumvents the inherent drawbacks of willingness to pay experiments by not directly
asking individuals for a monetary value of a certain good.!%1% Applying the well-being
valuation approach for estimating monetary values of capability well-being and health
requires the following assumption about the relationship between health, capability and
SWB: Individual's overall utility u, as proxied by SWB, is a function of health or capability
well-being Q. Imposing this type of relationship on capabilities is in conflict with the
normative position that capabilities go not only beyond health but also beyond utility
and SWB.!® While we do acknowledge that there is some evidence based on
individual-level data in favour of this competing interpretation,'®® this is a necessary
assumption due to the mechanics of the well-being valuation approach.

u(Q,Y X)=SWB(Q,Y.X) ©)

Utillity u is furthermore determined by income Y, and certain individual and
socioeconomic characteristics summarised in vector X. We followed a three-stage
well-being valuation procedure, as previously formulated.!%%1°T The three steps include
separately estimating the impact of income and the good to be valued on SWB (steps
1 and 2) and then calculating the compensating surplus (CS) according to equation (10)
(step 3):

cs=y0-el"(¥) %] (10)

Y’ and Q’ are the marginal effects of changes in income and health or capability on
SWB, and Y° represents a representative level of population income.

Data and model specification

The data for the analysis originated from a cross-sectional survey of UK citizens, which
was not specifically designed for this analysis and is, therefore, limited to individuals
aged 18 to 65. Random sampling and survey administration were conducted by Survey
Sampling International in February 2018 using an online survey format. The sample was
aimed to be representative regarding age, gender and level of education and
consisted of 1,512 individuals. The survey included inter alia questions about health,
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well-being, income, employment and marital status, religiosity and information about
the health risk attitude of respondents (in the listed order).!%

The impact of health H and capability well-being CW on SWB were estimated
separately, due to their substantial overlap and likely collinearity. While it has been
discussed before that estimating the effect of health on SWB is prone to issues of
endogeneity,”1% it was not possible to address this issue adequately due to the
limitations of the used data. Applying a previously used instrument for health — average
health per socioeconomic cell — was not feasible, possibly a result of the small sample
size,?0 SWB; was assessed using Cantril’s ladder, a one-dimensional life satisfaction
instrument asking respondents to rate their life from worst possible to best possible life
on a 0-10 scale.®® The impact of health and capability well-being were estimated using
ordinary least squares, assuming cardinality in the responses:®

SWB=Py+B, Hi+B, In(Yy) +B X+ =
SWB;=ag+a; CWi+ap In(Y;) +asXi+i, =

Health of respondents H; was measured via EQ-5D-5L utilities, applying the English EQ-
5D-BL tariff estimated by Devlin et al. (2018).%2 Capability well-being, CW;, was
assessed via ICECAP-A index values.?**T Estimates for income Y; were obtained by
asking respondents to place their combined monthly household income before taxes
into 12 prespecified intervals. In a follow-up question, respondents were asked to
indicate exact amount within these intervals. Missing exact income amounts were
imputed based on the sample means of the income interval selected in the first step, if
applicable. X; contains age, gender, education, marital status, and employment status,
which have been shown to influence SWB.2°! Following further guidance from the
literature, we also controlled for religiosity, measured by asking for the importance of
religion on a 7-point Likert-scale, and religious affiliation.?®® Information on the health
risk attitude of individuals!'®® was included to partly account for personality.20®

Income coefficient estimates in SWB regressions are likely endogenous due to
reverse causality,?°42% measurement error or omitted variables like working hours, or
time spent away from family.?% Instrumental variable (IV) approaches have been used
to overcome this problem.*42%7 We, therefore, applied a two-stage least squares (2SLS)
approach,?® testing different available candidate instruments. In the final analysis, we
used whether a household currently holds home contents insurance (CI) as an
instrument for income Y. The logarithmic transformation of income was used to account
for its diminishing marginal return on SWB.2%° The 2SLS approach took the following
form:

SWB;=vy,+y,Hi+y, In(Y;) +v,Xi+w; (13)

In(Y,)=80+8, Cli+8,X+v; (14)
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To be a suitable instrument, CI must be sufficiently correlated with income. Possible
channels could be that purchasing the insurance is more affordable if income is higher,
or that higher income could lead to the household containing more valuable objects,
which increases the likelihood of obtaining CI.

The instrument should furthermore only be correlated with SWB through income.
However, this is generally not testable.?® It is unlikely that the presence of contents
insurance (directly) influences individuals’ SWB. The insurance effect of increased
(financial) stability could be a possible channel. However, we found only a small and
negative correlation between CI and the stability dimension of the ICECAP-A (r=-0.15).
Maintaining CI could relate to personality traits like risk aversion, which might influence
SWB. Nevertheless, we were directly controlling for risk attitude, which is furthermore
merely weakly correlated with CI (r=0.14). Additionally, the obtained SWB values
might not originate from the same individual, who decided about purchasing CI.
Unfortunately, we had no information available to investigate this. Finally, CI could be
indicative of possessing more valuable items or living in a nicer home, which does
impact SWB.?°! However, we argue that these aspects are also, at least partly, mediated
through income.

Coefficient estimates from equations (11) to (14) were used to calculate the
compensating surplus (CS) for one QALY and one year in full capability well-being
(YFC) according to the following equations:

n(Y° P 15
CS(QALY):ﬁ* [Yo_e[l (Y ) v, AH]] (18)

9.

. [ Yo_e[ln(Yo)-V;*ACW] (16)

CS(YFC)= ACW

Where Y° was set to the sample’s median yearly household income of £27,000, while
AH and ACW represented incremental changes in health and capability well-being. It
was necessary to impose incremental changes of H and CW since under the framework
laid out in equation (10) the CS would be constrained at the pre-specified level of
income.'®” The incremental approach mirrors contingent valuation studies, where
willingness to pay for small health changes are aggregated to a full QALY .* The size of
the incremental change A was set to 0.1, corresponding to half a standard deviation,
which was found to be a reasonable approximation of the minimally important clinical
difference for health-related quality of life measurements.?1

Descriptive and regression analyses were performed using STATA 15.0 (Stata
Corp. 2018. Stata Statistical Software: Release 15. College Station, TX: Stata Corp LP).
2SLS estimates were obtained using the ivreg? package.?!! All monetary amounts
presented in the following correspond to 2018 prices.
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Robustness checks

The robustness of the estimates was examined testing the following specifications: First,
to gain insights into the relevance of accounting for the endogeneity of income, the non-
instrumented, standard OLS income estimate was used instead of the IV income
estimate. Second, an income coefficient estimate from a study based on much richer
data was used. We linearly rescaled the dependent variable froma Oto 10toalto 7
interval to match the SWB measure used in the analysis by Fujiwara,!®?, and applied his
log-income coefficient estimate, as it was based on (random) lottery wins. Third, SWB
was assessed via the multidimensional Satisfaction with Life Scale (SWLS) instead of
Cantril's ladder,”™ with SWLS scores rescaled from 0 to 10 to facilitate comparison of
coefficients. Fourth, the unweighted average of Cantril's ladder and SWLS on a 0-10
scale were used as a compound SWB measure, as it was previously suggested that
such a compound measure could be more robust than either of the measures on its
own.” Fifth, instead of using the weighted population tariffs for scoring EQ-5D-5L and
ICECAP-A values, we used the unweighted and rescaled (0-1) sum scores of these
measures to test the sensitivity of the estimates to applying population tariffs, as both
tariffs were based on different valuation methods. In the sixth robustness check, the
mapped EQ-5D-3L value set was used instead of the EQ-5D-5L value set, since the
methodology applied for the latter has come under scrutiny.?!? In the seventh
specification, Y° was set to the mean yearly income of £37,843, instead of the median
income of £27,000. In the last two robustness checks, AH and ACW were set to 0.05
and 0.20, as the size of the increment may still be considered somewhat arbitrary.
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Table 16: Characteristics of analysis sample and [V-sample

Total sample IV-sample
Mean SD Mean SD

Cantril's ladder 6.4 2.0 6.9 1.8
ICECAP-A 0.75 0.20 0.79 0.176
EQ-5D-8L 0.84 0.21 0.85 0.205
HH income in £ 37,843 56,729 45,200 78,838
Age 42.6 13.9 47.2 12.4
Female 51.8% 48.8%
Tertiary education 45.4% 50.0%
Marital status

Married 59.5% 66.8%

Divorced/widowed 9.2% 10.9%

Never married 31.3% 22.3%
Employment status

Employed 54.8% 61.9%

Self-employed 9.5% 9.2%

Unemployed 5.5% 2.2%

Homemaker 9.7% 6.1%

Student 5.2% 1.0%

Retired 9.5% 14.8%

Unable to work 5.8% 4.9%
Religious affiliation

Christian 42.1% 49.8%

Atheist 32.8% 29.5%

Agnostic 13.0% 11.9%

Muslim 3.8% 1.8%

Other religion 8.4% 71.0%
Importance of religion 2.8 2.0 2.8 2.1
HRAS 29.0 5.8 30.1 5.4
N 1,373 1,373

Note: IV, instrumental variable; HH, household; Importance of religion measured on a
1 (low) to 7 (high) scale; HRAS, Health Risk Attitude Scale ranging from 6 (risk loving)
to 42 (risk averse).

Results

Estimates for income, health, and capability well-being

After excluding 139 observations with no income information, and imputing income
interval sample means for 358 respondents who only reported their income interval,
the analysis sample included 1,373 individuals. There were no missing values in the
remaining variables. This sample was comparable to the UK population aged 18 to 65
concerning most characteristics (Table 16). The reported average yearly gross income
of £37,843 in the sample is lower than the UK average of £45,773 in 2018. The average
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ICECAP-A index is slightly lower than previously observed in a general population
sample, which included individuals above 65 with generally lower capabilities.?!3

Table 17: Results of OLS and IV regressions

O uy (Im)

Health Capability Income-IV
Log yearly income 0.495™ (0.065) 0.308™" (0.054) 2.201™ (0.638)
EQ-5D-5L 2.665™  (0.305) 2.310™ (0.378)
ICECAP-A 6.234™" (0.243)
Age -0.026 (0.029) -0.006 (0.024) -0.004 (0.037)
Age-squared 0.0003 (0.000) 0.0001 (0.000) 0.0001 (0.000)
Male 20.011 (0.093)  -0.012 (0.075)  -0.068 (0.119)
Tertiary education 0.038 (0.094)  -0.085 (0.076)  -0.395°  (0.199)
Divorced or widowed ~ -0.358"  (0.168)  0.078 (0.132)  0.256 (0.304)
Never married 20.336™  (0.121)  -0.033 (0.096)  0.202 (0.308)
Self-employed 0.100 (0.180)  0.117 (0.139)  0.451 (0.249)
Unemployed 0.579°  (0.231)  -0.275 (0.190)  0.661 (0.546)
Homemaker -0.257 (0.169)  -0.028 (0.133)  0.387 (0.308)
Student -0.357 (0.247)  -0.589™  (0.226)  -0.084 (0.365)
Retired 0.337"  (0.188)  0.115 (0.148)  0.864™  (0.253)
Unable to work 0.514 (0277)  -0.541"  (0.197)  0.672 (0.534)
Atheist 0.245 (0.138)  0.182 (0.111)  0.268 (0.168)
Agnostic 0.097 (0.161)  0.095 (0.139)  0.038 (0.202)
Muslim -0.462 (0.303) 0.013 (0.241)  -0.330 (0.307)
Other religion -0.013 (0.172) 0.101 (0.145)  -0.095 (0.235)
Importance of religion ~ 0.147" (0.031) 0.097™ (0.025)  0.148™ (0.038)
HRAS 0.077™ (0.009) 0.033™ (0.007)  0.0687""  (0.011)
Constant -2.858™ (0.954) -2.687""  (0.767)  -20.60" (6.687)
N 1,373 1,373 1,373
Root MSE 1.662 1.345 2.021
R-squared 0.334 0.564 -
Kleibergen-Paap rk 21.85™
LM
Kleibergen-Paap rk 21.63™
Wald F
Test for endogeneity 10.65™

Note: HRAS, Health Risk Attitude Scale; Standard errors in parentheses; * p < 0.05, **

p < 0.01, *** p < 0.001.

Coefficients from the separate health and capability regressions as described in
equations (11) and (12) are shown in columns (I) and (II) of Table 17. Parameters
estimates for EQ-5D-5L, and ICECAP-A were positive and significant, (2.665 and
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6.234), meaning that health and capability have the expected positive impact on SWB.
The signs of the coefficients of most control variables corresponded to findings from
the literature.*#?! Coefficient estimates from the 2SLS IV regression are shown in
column (III). Around a third of respondents (N=516) reported that their household holds
contents insurance. The log-income coefficient was 2.201. Control variables deviated
slightly between the models, namely in a higher positive impact of being retired, a
negative impact of education and no effect of marital status and unemployment.

Kleibergen-Paap rk Wald F statistic (21.832 with Stock-Yogo critical 10% value
16.38) and Kleibergen-Paap rk LM statistic of (21.746, p<0.001), indicated that the used
instrument was not weak or under-identified. This was further substantiated by a
significant coefficient (p<0.001) of CI in the first stage regression (Appendix A). The
characteristics of the IV sample were reasonably similar to the full sample (Table 16),
with slightly higher levels of life satisfaction, capability well-being and income. Testing
for the endogeneity of log income revealed that the variable should not have been
treated as exogenous (p<0.001).

Implied monetary values and results from robustness checks

The resulting monetary valuations of one QALY and one YFC were £30,786 and
£66,597, respectively. The relative size of the monetary value of capability well-being
compared to health was thereby estimated to be 2.2. Coefficients estimates and the
corresponding monetary valuations for the conducted robustness checks are shown in
Table 18. First, not instrumenting for income led to considerably larger monetary
estimates of one QALY (£112,336) and one YFC (£193,305). Second, applying the
income coefficient from Fujiwara (2013), who used lottery wins, led to slightly higher
monetary estimates compared to the base case. Third, using SWLS instead of Cantril's
ladder provided an almost identical monetary value for one YFC, while the value of one
QALY was reduced to £20,988. Fourth, the use of the compound SWB score averaged
out differences in coefficients and monetary valuations between the use of Cantril’s
ladder and SWLS as SWB proxies. Fifth, employing sum scores of EQ-5D-5L and
ICECAP-A resulted in slightly higher estimates of the value of one QALY and
conversely, slightly lower estimates for one YFC. Applying the mapped EQ-5D-3L tariff
reduced the monetary valuation of one QALY to £25,487. In the last three robustness
tests, the income model had to be recalculated. As in the base case, the instrument
passed under- and weak identification tests. Seventh, replacing median income by
mean income increased the valuations to £43,149 and £93,343, respectively. Altering
the imposed incremental change of 0.1 index points to 0.05 reduced the monetary
estimates slightly while imposing a 0.2 incremental change led to higher estimates
compared to the base case. Throughout model alterations, the monetary equivalent
value of one YFC exceeded that of one QALY by a factor of around two, with the
robustness check utilising SWLS as SWB proxy as an outlier.
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Table 18: Base case monetary estimates and robustness to alternative specifications

Base No IV I\ SWLSP Comp. Sum EQS5D-3L Mean Increm. Increm.
case Fujiwara® SWBe° scores? tariff income 0.05 0.20
Coefficients
Log income 2.201 0.495 1.103 2.633 2.4117 2.255 2.197
EQBD-8L 2.665 2.665 1.599 2.131 2.398 2.858 2.179
ICECAP-A 6.234 6.234 3.740 1.488 6.861 5.881 6.234
Valuein £
1 QALY 30,786 112,336 36,431 20,988 25,498 32,141 25,487 43,149 31,717 29,031
1 YFC 66,597 193,308 77,651 66,828 66,723 61,979 66,597 93,343 71,305 58,384
Rel. size 2.2 1.7 2.1 3.2 2.6 1.9 2.6 2.2 2.2 2.0

Note: All reported coefficients significant on the 1% level; @ Income coefficient from Fujiwara et al. (2013), other coefficients from
rerunning regressions with rescaled SWB; P Rescaled from 0 to 10, instrument passes under- and weak identification test; ©
Unweighted average of Cantril’ s ladder and SWLS as SWB proxy, instrument passes under- and weak identification test; ¢ EQ-
5D-5L and ICECAP-A sum scores scaled from Oto 1.
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Discussion

Findings and related literature

Applying the well-being valuation method, we obtained a first estimate of the monetary
value of ICECAP-A-derived capability well-being for the UK. We furthermore
calculated the monetary value of health and were able to compare the valuations of one
QALY and one YFC directly. The empirical challenge inherent to the chosen approach
is the endogeneity of income, which we tried to overcome using whether a household
holds contents insurance as an instrument for income. In the base case model
specification, this yielded monetary valuations of £30,786 for one QALY and £66,597 for
one YFC, corresponding to a ratio of 2.2. The conducted robustness checks produced
relative magnitudes of these monetary valuations ranging from 1.7 to 2.6.

The calculated monetary value of a QALY lies within the range of estimates from
the international willingness to pay literature, which on aggregate produced a trimmed
mean and median estimate of £63,777 and £20,834 (in 2010 pounds).*® UK specific
estimates from Mason et al. (2009) and Baker et al. (2010) ranged from £24,219 to
£70,896 and £16,000 and £24,805 (in 2010 pounds), respectively.?214 In the only other
application of the well-being valuation method for this purpose to date, the monetary
value of one QALY in Australia was estimated to be A$42,250 (£20,797) and AS67,022
(£32,990) for short and long-term health gains using 2015 prices.* The relative size of
the reported monetary value of well-being (AS$112,000 or £55,130) compared to one
QALY was 1.7, not dissimilar to what we observed in our analysis.

Limitations

Although our results appear to have some face validity and are reasonably robust to
model specifications, we need to acknowledge several limitations. On a more
conceptual level, the chosen approach relies on the assumption that SWB is an
appropriate proxy for individuals’ utility. This may be a strong assumption, as SWB (or
happiness) is not the only thing that people care about and preferences outside of SWB
maximisation exist.!% Nevertheless, based on the findings from subjective well-being
research, as for example summarised by Diener et al. (2018),%!5 we argue that SWB
matters enough to be able to use it as a proxy for welfare. At the same time, we must
acknowledge that the validity and reliability of SWB measures have been questioned
before. These concerns were addressed in detail for example by Veenhoven (2012) .26
What we can infer from our own analysis, is that the choice of SWB instrument does
have an impact on the monetary estimates (Table 18), although observed differences
were not substantial. The SWLS appears to capture a different part of SWB than Cantril’s
ladder does. Differing results are likely a consequence of the SWLS containing two
questions, which are more related to the past (“So far [ have gotten the important things
[ want in life” and "“If [ could live my life over, [ would change almost nothing”), while
Cantril's ladder only asks about SWB at present, which is more consistent with the
present based well-being valuation approach.’” The well-being valuation literature so
far does not provide guidance on the appropriateness of one- or multi-dimensional
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SWB measures, or the use of a composite of both. This should be examined in future
research.

A further limitation is that we had to deviate from the intended three-stage well-
being valuation approach in two ways:'921°7 First, including control variables in order
to prevent omitted variable bias conflicts with the idea of using total causal effects in
calculating the monetary valuations as outlined before.!®? In the analysis by Fujiwara
(2013), the difference in unemployment coefficients between a model without any
covariates and a model controlling for several variables was minimal (-0.441 and -
0.436). Removing all control variables from models (I) to (IIl) generated monetary
estimates for one QALY and one YFC of £33,914 and £63,156, respectively, close to the
base case estimates. Second, and potentially more problematic, we assumed
exogeneity of both health and capability well-being due to the lack of suitable
instruments. When health was instrumented in a previous analysis, the estimated
impact of a change in health decreased slightly.?°° Assuming this would also hold in our
context, our monetary valuations represent overestimations.

It is furthermore inherently difficult to demonstrate that the used income instrument
(contents insurance) satisfies the exclusion restriction assumption. In the second
robustness check, we employed the log-income coefficient of Fujiwara (2013) for the
UK, as an external reference point, after basing the analysis on the same SWB scale.!*’
While not without limitations, his estimate, based on large scale panel data and
exploiting random income shocks like lottery wins, can be considered as close to
causal estimates as it gets when using non-experimental data. The reported log-income
coefficient of 1.103 is comparable to the estimate we obtained when repeating the
analysis on the same SWB scale of 1.321. Monetary estimates increased by around 20%
(Table 18). Judging from this comparison, it appears that our instrument performs
reasonably well.

The extent to which our results are generalisable to the general UK population is
unclear, as our sample did not include individuals aged 65 and above. Previous
research suggests that functional limitations and social functioning, which are more
related to the ICECAP-A, could be more relevant to the elderly than typical health
dimensions, like morbidities or pain.?!? To test this, we included an interaction term for
the respective quality of life index and age to the base case models. We observed a
positive and significant coefficient of 0.031 (p=0.042) for an interaction term between
ICECAP-A and age, while the interaction coefficient of EQ-5D-5L and age of 0.021 was
not significant (p=0.355). This indicates that omitting the elderly may have introduced
a downward bias for the value of one YFC in comparison to the value of one QALY.
Furthermore, due to relying on data from online survey panels, the individuals in the
sample, in general, were quite healthy, with an average EQ-5D-5L index of 0.837 (SD
0.21). We do not know how the lack of sufficient observations at the lower end of the
scale influenced our overall results. Lastly, we lacked information on the household size
of respondents, which precluded the use of equivalised household income, to facilitate
the comparability across household compositions.*42%
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Interpretation and implications of the results

While the calculated values for one QALY and one YFC varied across the conducted
robustness checks, their ratio fluctuated at around two. As well-being measures were
designed to capture quality of life beyond health, it is explicable that the monetary value
of well-being in general lies above the value of health alone. That this also holds for
capability well-being could have been expected but had not yet been confirmed
before (at the same time, it may be more difficult to achieve similarly sized increases
on these broader measures). This information is relevant in the context of interpreting
results of economic evaluations using broader outcome measures, which may be
relevant in a range of interventions (from pharmaceuticals to palliative care) that have
benefits not fully captured in conventional QALY measures.

The interpretation of the relative magnitude of the monetary estimates of one QALY
and one YFC deserve further attention, considering that the EQ-5D-5L and the ICECAP-
A are anchored on two different scales. The former is anchored on a O to 1, dead to full
health scale, with the possibility of health states below zero.®? The latter ranges from 0
to 1 for no capability to full capability, where death implies no capabilities, but no
capabilities, in turn, does not necessarily imply death.%*4” While it is plausible that on
the higher end of the scale, capabilities go beyond health on an underlying overall
quality of life continuum, it is less clear on the lower end of the scale, as having no
capabilities could be equivalent to death, but also lower or higher in terms of overall
quality of life. This may have implications for the comparability of the monetary
valuations, as the imposed incremental change in health and capability of 0.1 may
represent either a larger or smaller difference in the underlying utility. Future research
could investigate these issues further, for instance, by focusing on the behaviour of SWB
scores at very low levels of capabilities and health.

If capability well-being, as measured by the ICECAP-A, is included in future
economic evaluations in areas where a focus on health is potentially too restrictive to
capture all relevant benefits of an intervention, the here presented results could give a
first indication about a cost-effectiveness threshold. In practice, ICERs calculated using
ICECAP-A index values could be compared to the here estimated monetary value of a
YFC. Our estimates are especially relevant for countries that relate their threshold to
the societal monetary value of health or wellbeing gains, like the Netherlands.® In other
countries, like the UK, thresholds are conceptually more related to the marginal cost-
effectiveness of current spending.?!® Conceptually, this limits the direct applicability of
our results in the UK, while it is noteworthy that obtaining opportunity cost based
monetary estimates for capability well-being seems to be a challenging task.

Future research should aim for confirming our findings for the absolute and relative
monetary valuation of capability well-being in general, either by employing alternative
approaches, like willingness to pay or discrete choice experiments or by applying the
well-being valuation method to other, preferably richer data sets. Prerequisite for the
latter should be the availability of potential instruments for income. On a different note,
while there are first applications, more conceptual and theoretical work is needed
about whether, when and how capability well-being should be included in health
economic evaluations.!'! One open question for example is, whether full capability or
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a sufficient level of capability, which was established recently, should be considered as
the objective of interventions.?!® Nevertheless, and to conclude, the results of our
analysis may be useful as a first estimate of a threshold value for a YFC that can be used
when making decisions based on economic evaluations using the ICECAP-A, or to a
lesser extent, other (capability) well-being outcome measures.
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Chapter 8

Abstract”

Decisions on interventions or policy alternatives affecting health can be informed by
economic evaluations, like cost-benefit or cost-utility analyses. In this context, there is
a need for valid estimates of the monetary equivalent value of health (gains), which are
often expressed in e per quality-adjusted life years (QALYs). Obtaining such estimates
remains methodologically challenging, with a recent addition to the health economists’
toolbox, which is based on well-being data: The well-being valuation approach. Using
general population panel data from Germany, we put this approach to the test by
Investigating several empirical and conceptual challenges, such as the appropriate
functional specification of income utility, the choice of health utility tariffs, or the health
state dependence of consumption utility. Depending on specification, the bulk of
estimated € per QALY values ranged from €20,000-60,000, with certain specifications
leading to more considerable deviations, underlining persistent practical challenges
when applying the well-being valuation methodology to health and QALYs. Based on
our findings, we formulate recommendations for future research and applications.

*“ The online version of this article (https://doi.org/10.1002/hec.4279) contains
supplementary material relating to appendices Al to A4. The code for the analysis
presented in this chapter can be accessed through the Open Science Framework:
https://osf.io/b8nsz/.
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Empirical issues when estimating v based on well-being data
Introduction

During the ongoing COVID-19 pandemic, many citizens for the first time directly
observe scarcity of goods in the health care sector in terms of testing, ventilation,
vaccination capacity, and the prioritisation of services under binding capacity
constraints. This scarcity and the broader societal consequences of the pandemic has
revealed many difficult trade-offs between health and the economy, and between the
needs of different patient groups within the health care sector. While the current
attention to such matters is unprecedented, policy makers are confronted with many of
these trade-offs also in non-pandemic times. To make informed decisions on policy
options, however, requires decision makers to weigh up health and economic
consequences, aiming to ensure maximum benefit or minimal harm. Welfare economic
tools like cost-benefit-analysis can aid decision makers in this process by providing
relevant and clear information to openly address the nature of the trade-offs being
made. 162,220,221

Cost-benefit analyses entail measuring and valuing gains and losses (benefits and
costs) in monetary units, thereby allowing a holistic perspective on societal trade-offs
and identifying which policy option is socially most preferred. In the context of
interventions and policies affecting population health (though not necessarily aimed
primarily at health), cost-benefit analysis therefore requires to obtain estimates on the
monetary equivalent value of health, from here onwards denoted as vo.2%

In the narrow health care context, vo, depending on the jurisdiction,??® constitutes
an important parameter in health technology assessment. There, value for money
considerations are often operationalised using cost-utility analysis, where a new
technology’s costs are compared to its expected health gain, measured using Quality
Adjusted Life Years (QALYs).??* Equation (17) formulates a generalisation of the
corresponding decision rule, with AQ denoting the health gain (in QALYs) and Actthe
total costs compared to the alternative treatment:

Aot an

This cost-effectiveness ratio (ICER) is acceptable, if it lies below vq corresponding to
one QALY (In the broader cost-benefit framework, this QALY equivalent vo value can
be used for transforming health gains into monetary benefits).® While the use and
empirical foundation of such threshold values within health care vary across
jurisdictions, 4225 estimating the level of vo corresponding to one QALY, also for the
purpose of cost-benefit analysis, is challenging and has been attempted using various
methods (see background section). In this endeavour, Huang, Frijters, Dalziel, and
Clarke (2018) were the first to conceptualise and apply the well-being valuation
approach for estimating a QALY equivalent vo, providing estimates of AS42,000
(€28,000) to AS67,000 (€45,000).4* This method is based on the marginal rate of
substitution between income and health. Further exploration of the approach is needed
to be able to judge whether the corresponding estimates are indeed helpful for
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informing vo. This paper aims to make the following contributions: Firstly, by applying
a similar approach as Huang et al. (2018) and using data from a different context, we
generate further insights regarding the validity and reliability of the well-being
valuation method for determining vo. Secondly, we aim to address some empirical and
methodological challenges associated with applying the well-being valuation method
in general and for valuing QALYs in particular, which were not fully addressed in
previous studies. By using German data, an additional contribution lies in providing
information on vofor a context in which such estimates are scarce, a result of German
health authorities not (explicitly) basing their reimbursement decisions on the
framework outlined in equation (17). Instead, the trade-off between Actand AQ is
discussed and determined in closed-door price negotiations between health
authorities and the manufacturer. The methodological uncertainty around estimating vo
has been cited as a key reason for the scepticism towards adopting more transparent
threshold-based decision rules.??

We used data from the Socio-Economic Panel, or SOEP, from 2002 to 2018 (version
35). Fixed-effects and instrumental variable regressions were used to address
endogeneity concerns regarding the impact of income on life satisfaction. Our baseline
estimates indicate population average monetary valuations of a QALY of €22,717 and
€58,533, with and without instrumenting for income. However, alternative
specifications and robustess checks lead to varying estimates, highlighting the
empirical challenges and the consequences of methodological choices on the obtained
monetary values, and areas for future research.

The search for vg and the well-being valuation method

Various methods have been used in the ongoing endeavour of obtaining estimates of
vo, producing a range of conceptually different values. One approach, employed by
Mason, Jones-Lee, and Donaldson (2009),*2 bases vo on estimates of the value of
preventing a statistical fatality, a concept commonly used in public sector safety
policies. Another approach calculating v entails using relative risk aversion in relation
to income.*® However, voestimates have predominantly been obtained based on stated
preferences, by asking individuals directly about their willingness to pay (WTP) for
specific health gains. Ryen and Svensson (2015) summarised the extensive literature
that used WTP methods to identify vo and reported trimmed mean and median
estimates of €74,159 and €24,226 (in 2010 price levels).*®

Huang et al. (2018) proposed an alternative method for estimating vo, based on
revealed, although subjective, information: the well-being valuation approach.** This
method has been applied to obtain monetary valuations for various other non-market
goods, including specific health outcomes and diseases,?°227-22 informal care
provision,?3923! air pollution and natural disasters,??2% national security,?** or the
welfare effects of sports events.?* In their study, Huang et al. (2018) used data from the
HILDA panel survey from Australia and obtained vo estimates of AS42,000 (€28,000) to
AS67,000 (€45,000),% which were similar to threshold values applied for funding
decisions in Australia. Recently, Himmler, van Exel, and Brouwer (2020) applied the
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wellbeing valuation approach in a cross-sectional sample from the UK to estimate vo,
as well as an equivalent value for broader well-being. They report a base case vo
estimate of £30,786 (approximately €35,000).2%

Both stated preference WTP and well-being valuation approaches have
advantages and disadvantages and may answer different questions based on how vo
is specified. The former allows researchers to tailor their experimental design to
specific contexts and control for undesired influences. For instance, WTP can be
expressed from an individual or societal perspective,?®? capturing more than self-
interested motivations when establishing WTP-based vo estimates. Similarly, equity
concerns relating to specific health states or streams,?¥®2% but also socio-economic
health inequalities can be connected with the QALY framework.?*° Furthermore, one
can also pose WTP questions from an ex-ante or ex-post perspective, with the former
having the advantage of capturing options value.?*!%42 However, the practice of asking
individuals directly for the value of a prospect brings unique challenges; hypothetical
response bias and insensitivity to scope or framing effects are only some of the practical
concerns (see e.g. Kling, Phaneuf, and Zhao(2012))% that have been found to apply
when obtaining WTP estimates for a QALY 4041154243

The well-being valuation approach avoids these challenges by relying on (usually)
large-scale observational data, promising to provide a more inclusive picture of the
range of preferences over health and wealth across diverse sub-populations. However,
the approach limits the scope to respondents’ individual ex-post valuations, while
endogeneity concerns are a prevailing issue as it relies on the estimation of causal
effects of health and income to calculate trade-offs.
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Methods

Conceptual framework

We generally followed the framework proposed by Huang et al. (2018) for obtaining
vo.* In a simplified model, the subjective well-being (SWB) of individual 1 at time ¢, as a
proxy for individual utility, is assumed to be described by:

Wi=W (Y, Hir) (18)

where Wiis a vector of the individual's well-being at all observed time points (wx), Yiis
the corresponding incomes (yi), and Hi a vector of health states (k). The total well-
being experienced by individual i over a time interval of length T can then be described
by a simple cumulative sum of individual well-being states across time;

: (19)
Wi= ) W(Yy, Hy)
t=0

Within this framework, consider an individual experiencing a change to their health
vector AH;within the time window T. For the individual to remain on the same level of
subjective well-being Wirequires an offsetting income change AY;

W= W(Y;+AY; Hi+AH;) (20)

The proposed approach estimates the population average AY necessary to offset an
imposed hypothetical health state change AH over T equivalent to one QALY. Therefore
AY is the compensating income variation for one QALY, or short CIVoary.

Baseline specification

Following Huang et al. (2018), an ordinary least squares (OLS) fixed-effects regression
was estimated to calculate the impact of health and income on SWB within a time
window T of two years (foand t-1). Modelling SWB as linear despite the cardinal nature
of life satisfaction is a widely used approach, see e.g. Ferrer-i Carbonell and van Praag
(2002).227 The underlying empirical model takes the following form;

Wirn=a+BHirt+ B Hirt 1 #80 Yirt+ 81 Yire 1 + i PAHH, T €+ Uiy @b

where Wirrefers to the subjective well-being of individual i living in region r at time ¢,
measured using life satisfaction data. The individual’s health status Hizis captured by
health utility values based on the short form six dimensions (SF-6D) instrument and its
UK utility tariff.5> Household income is denoted by Yix. Lagged variables of health and
income were included to not be limited to short-term one-year changes and to partly
account for reverse causality. We control for a vector Xi:of other potential time-varying
confounders. To account for time-invariant unobservables, we incorporated individual
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(Ar), state (ur), and time (e:) fixed-effects. urrdenotes the error term. Heteroscedasticity-
robust standard errors were used in all estimations.

In a second step, we obtained ClVoay values by dividing the health status
coefficients (Boand B1) by the income coefficients (S0 and &1):

Bot+B, (22)

ClVoaLy= 80+8,

The corresponding values represent the marginal rate of substitution between income
and health with respect to well-being, based on the overall population average. CIVoary
thereby is the empirical conceptualisation of vo using the well-being valuation
approach. Income outliers (as will be defined below) were dropped from the baseline
analysis.

Instrumental variable specification

A well-documented problem of the well-being valuation approach is the endogeneity
of the income coefficient estimate. This was frequently addressed using an instrumental
variable (IV).290228229 Huang et al. (2018) instrumented income with the occurrence of
financial-worsening-events such as personal bankruptcy or large financial losses.**

Lacking such information, we followed Luechinger (2009), who used predicted
labour-market earnings based on industry-occupation cells as income instrument.?*?
The rationale is that shifts in predicted income correspond to industry and/or
occupation wide trends, which correlate with the development of negotiated wages or
collective wage agreements, but do not reflect individual-level effort or circumstances.
Further, it is assumed that the income variance across industries and occupations
captures information on the unobserved costs of income generation such as stress
and/or associated health risks, and that unobserved selection effects of certain types of
individuals into industries and occupations are captured in the time-invariant fixed
effects. One advantage of this instrument is that the captured income shifts have a rather
permanent nature, whereas financial-worsening-events or lottery wins can be highly
transitory shocks. In addition, permanent income shifts have been found to be of higher
relevance for individuals’ well-being.?44245

The identifying assumption is, therefore, that income variation across industries and
occupations over time is uncorrelated with individual-level characteristics and
especially life satisfaction, besides the effect of income changes themselves. To
implement the IV approach, we followed a two-stage least squares estimation
procedure. In a first step we estimated the individual’'s labour market earnings Lixtbased
on the following regression;

L= a+pglit+ P, Ot 70, Tir 05 Rire HH, T €+ Uiy (23)
from which we obtained fitted values, constituting the predicted labour earning

conditional on the individual's industry-occupation cell (lirand Oix), work tenure (Ti),
and work hours (Ri) and a set of industry- and year-fixed-effects. The obtained
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predicted labour earnings were summed on the household level and weighted by

o . . . ~HH
household composition to obtain the predicted household labour income L;¢, the
instrument used in the first stage regression;

Yin= a+BHin+B, Hir1 +SOEEH +51E§_11 +inn+7_\i+Hr+Et+ﬁm (24)

from which we obtained the fitted values for individual income, ¥j;. In the second stage
we substituted income Yi; by Vi, estimating

Wir=al+ BéHirt_{' 511 Hip 1 +80 Tin+81 Tired FTXKinHA+ ul+ef+ug, (@5)

The resulting coefficients for health (,82 and ,811) and income (62 and 6]1) were then
included in equation (22) to calculate the IV CIVoarrestimate. For further details please
see Appendix A3.

Alternative model specifications
Treatment of outliers

Due to a right-skewed and long-tailed income distribution, with self-reported income
often misreported or even exaggerated,?® income outliers may have a large effect on
CIVoary estimates when using linear models.?*” To identify outliers, which remains
challenging for fixed-effects models,?*® we reformulated our base case model as a
pooled OLS model and calculated DFbeta, a measure quantifying the impact that
dropping an observation has on the coefficient estimate. All observations with a DFbeta
larger than 1, the recommended threshold,?*® were dropped from the baseline analysis.
In a robustness check we repeated the calculations including these outliers.

Income specification

To accommodate the diminishing marginal return of income we log-transformed
income.?® ClVoarywas then estimated based on a slightly modified equation as used
by Olafsdottir, Asgeirsdottir, and Norton (2020) and van den Berg and Ferrer-i
Carbonell (2007).2312% This entailed dropping the lagged income and health
coefficients as used in our base model (equation 22).

. (26)

CNQALY: ')_/'* exp g—OA -1 *A

In the log-income specification CIVoay was calculated as the percentage share of
annual income (median annual income 7). By construction, ClVoary values would be
confined to be no greater than this income level which may be acceptable when valuing
small gains or changes but not a full QALY. Therefore, we added the parameter A to
the equation and set it to 10. Instead of calculating the monetary equivalent of a one
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QALY change we calculated the equivalent of a 0.1 QALY change and multiplied it by
10.

To account for the non-linearity of income without imposing a logarithmic functional
form, which may not adequately capture the relationship especially on the lower end
of the income distribution, we furthermore tested a piecewise linear specification
similar to Olafsdottir et al. (2020).2%° To obtain the appropriate number of income
splines and cut-off values, we iteratively combined income-deciles. The equality of
coefficient estimates of adjacent splines was tested and non-significantly different
splines were gradually combined until coefficients were significantly different and
model fit did not improve. CIVoary values were then calculated for each income spline
and also aggregated by weighting according to the number of individuals in the
respective splines. Estimating a piecewise IV specification was not feasible, as one
distinct income instrument would have been required for each of the splines.

Choice of utility tariff

Lacking a German specific SF-6D utility tariff we relied on the UK time-trade-off based
value set to construct health utilities.’ In an alternative specification we explored the
importance of tariff choice by instead applying a recently developed value set from the
Netherlands which was estimated using a discrete choice experiment.!'??

Health state dependence of the utility of consumption

Another empirical issue of concern relates to the interaction between health and
income and experienced (consumption) utility. This so-called health state dependence
implies that the marginal utility gain from a given income change is directly dependent
on the underlying health status.?’! So far, there is only inconclusive evidence on the
magnitude and the direction of this effect: Finkelstein et al. (2013) found a negative
health state dependence, a higher marginal utility of income in good compared to bad
health, based on US data. However, replicating their approach using European data,
Kools and Knoef (2019) found evidence for positive health state dependence,
potentially due to differing provision of public goods in European healthcare
systems.?%2

As illustrated by both Finkelstein et al. (2013) and Kools and Knoef (2019), health
state dependence has important implications for (health) economic issues such as the
optimal design of insurance contracts or individual-level decisions on life-cycle
savings. In the context of estimating CIVoary, which requires a simultaneous
measurement of the well-being impacts of both health and income separately, a
thorough investigation of the life-cycle development of health states and the associated
changes in consumption utility seems warranted.

To explore the potential impact of health state dependence on ClVoary estimates,
we reduced our sample to those individuals that transitioned between health states.
Finkelstein et al. (2013) used the onset of chronic diseases for this purpose.?s! While
this represents a convenient definition for an elderly population, we took a different
approach, allowing us to observe the transition of individuals from good to bad health
also for healthier groups. First, we reduced the sample to individuals whose mental or
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physical short form health questionnaire (SF-12) component scores changed by at least
10, or one standard deviation, throughout their respective observation period (the SF-
12 is also used to calculate SF-6D health utilities. Component scores range from 0
(worst) to 100 (best) with a normalised mean of 50 and standard deviation of 10).25 This
was done to ensure that individuals in this group have experienced a consequential
change in their mental and/or physical health. Good health states were defined as
periods in which either of the two scores was above their respective individual-level
mean; bad health states if they were below. Secondly, we conditioned on the
consecutive observation of differing health states with at least two consecutive periods
needed to be observed in either state. This allowed us to estimate CIVoaryfor good and
bad health separately while also ensuring that individuals transition into longer-term
health states (see Appendix A4 for details). Importantly, the sample included
individuals transitioning from good to bad health and vice versa, although the former is
most frequent.

Data

We used data from the annual SOEP panel survey, providing a representative sample
of the adult (aged 16+) German population.?®* Ethical approval with respect to the
surveying process generating the underlying data was obtained by the SOEP
researchers directly. SF-6D health utilities were constructed from SF-12 data, which is
biennially included in the survey since 2002. To facilitate the specified two-year time-
frame T used for the CIVoawy calculations, and to prevent dropping observations from
every second year, we linearly imputed SF-6D values for intermediate years. However,
this was only done if individuals were observed for three consecutive years with two
completed SF-12 surveys.

Life satisfaction was measured on a 10-point scale ranging from 0 (“completely
dissatistied”) to 10 (“completely satisfied”). Information on individuals’ income was
based on self-reported monthly net household income. To account for differences in
household composition, we calculated equivalised household income, following the
definition by.?% Income data was converted to 2018 prices using the official consumer
price indices.?%

To construct our instrument, we extracted information on net labour income and
individuals’ industry and occupation. We dropped households with individuals where
information on labour income but not on industry/occupation was available. Predicted
labour income was assumed to be zero for all individuals with no labour income
information, or who stated that they were not employed. Following Luechinger (2009)
we added a constant of €1 to all incomes for the log-income specification.??

We furthermore extracted information on a similar set of variables as used by
Huang et al. (2018) to control for confounding factors.** These included age, disability,
marital status, employment status, educational attainment and leisure time. Table 19
summary statistics of the analysis data, consisting of 29,735 individuals providing
186,906 individual-year observations. Appendix Table Al.l provides an overview of
the conditioning applied to the SOEP data, while Appendix Table Al.2 shows that the
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sub-sample of employed individuals who were dropped because of missing
industry/occupation information is comparable to the remaining sample of employed
individuals. As the exclusion of individuals without at least two consecutive SF-6D
values was the only major selection criterion, the sample remained largely
representative for the overall German population.

Table 19: Descriptive statistics

Variable Mean Std. Dev. Description

Life satisfaction 7.09 1.71 0 (lowest) to 10 (highest)
Income in 1000€ 2.03 1.29 Monthly household income in e
SF-6D utility 0.73 0.13 0.345-1, 1 perfect health
Disability 0.14 0.35 1 if disability status
Ageinyears 53.67 15.78

(de facto) Married 0.67 0.471 1 if married, living together
Education: Primary 0.12 0.32 1 if primary educated
Education: Secondary 0.63 0.48 1 if secondary educated
Education: Tertiary 0.25 0.43 1 if tertiary educated
Leisure time 2.18 2.03 Hours per day

Employed 0.56 0.50 1 if employed
Unemployed 0.04 0.21 1 if unemployed

Work hours 21.22 20.99 Hours per week

Tenure 7.038 9.96 Years at current job
Individuals * Years 186,902

Individuals 29,735

Note: Own calculations based on SOEP Waves 2002-2018.
Results

Baseline results

The baseline OLS and IV results, are shown in Table 20, separating between results
using the full dataset with imputed SF-6D values, and the dataset without imputation. To
construct our instrumental variables, we predicted labour incomes based on
industry/occupation for 125,229 observations. Appendix A3 provides details on this
prediction and the associated errors, which were small for the largest part of the income
distribution. The instruments were significant in the first stage regression (Appendix
Table A3.1) and passed the Cragg-Donald weak identification test (F-value: 1,864 and
192). This indicates a high relevance of the instrument, a common finding for this type
of instrument.?®224 The Hausman test for endogeneity of the instrumented variables was
significant, signalling that income should not be treated as exogenous.

Equivalised monthly household income, health status (SF-6D utility), and their
lagged values were positive and significant predictors of life satisfaction in the OLS
specification. This was also the case when instrumenting for income, except that the
lagged income coefficient was insignificant. We observed a two-fold increase in the
income coefficients in the IV model (0.048 vs. 0.098), a similar magnitude to what has
been observed in previous studies using the SOEP.244%57 Interestingly, the difference is
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minimal compared to what was observed by Huang et al. (2018),* who reported an [V
coefficient which was 130 times larger than the OLS coefficient (0.080 and 0.0006).
Applying the estimated income and SF6D coefficients to equation (22) resulted in a
ClVoaryvalue of €58,533 in the OLS model and €22,717 when instrumenting for income.
This value represents the average amount of additional income necessary to maintain
the same level of life satisfaction if a hypothetical health change of one QALY is
imposed.

Without SF-6D imputation, reducing our sample to 85,433 observations across
21,718 individuals, the OLS results increased by a factor of 1.38 to €80,522 while the
[V-based value increased by a factor of 1.24 to €28,130. These differences were driven
by larger SF-6D and income coefficients compared to the baseline calculations,
possibly resulting from increased within-person variance and time-frame T being two
years instead of one. For the remainder of the results presented, we will be using the
full dataset with imputed SF-6D values to make use of the largest amount of information
available.
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SF-6D imputation No imputation
OLS I\ OLS v

Income in 1000€ 0.05™ (0.01) 0.10™ (0.03) 0.05™ (0.01) 0.14™ (0.05)
Income (t-1) 0.01 (0.01) 0.04 (0.03) -0.00 (0.01) -0.00 (0.07)
SF-6D utility 3.12% (0.06) 3.12= (0.05)  3.52w (0.06) 3.51w (0.05)
SF-6D utility (¢-1)  0.10¢ (0.06) 0.10¢ (0.05) 0.47 (0.05)  0.46+ (0.05)
disability -0.14»  (0.02) -0.14~  (0.02) -0.09-= (0.03) -0.09~  (0.02)
Age 0.09++ (0.01)  0.08+ (0.02) 0.05+ (0.01) 0.05% (0.0
Age squared -0.00~  (0.00) -0.00+ (0.00) -0.00- (0.00) -0.00 (0.00)
(de facto) Married  0.18+ (0.02) 0.18= 0.02) 0.17 (0.03) 0.16% (0.02)
Primary education  -0.18+ (0.09) -0.21= (0.08) -0.10 (0.15) -0.13 (0.13)
Tertiary education -0.18+  (0.06) -0.19~  (0.05) -0.19~ (0.07) -0.20~  (0.07)
Leisure time 0.03% (0.01)  0.03+ (0.00)  0.03+ (0.01) 0.03= (0.01)
Leisure time -0.00-  (0.00) -0.00=  (0.00) -0.00- (0.00) -0.00=  (0.00)
squared
Unemployed -0.52=  (0.03) -0.83=  (0.02) -0.53= (0.04) -0.53=  (0.03)
Work hours 0.00+ (0.00)  0.00% (0.00)  0.00% (0.00) 0.00 (0.00)
Tenure -0.01=  (0.00) -0.01=  (0.00) -0.0l= (0.00) -0.01=  (0.00)
Model statistics
Cragg-Donald 1,864 192
Anderson 3,642 382
Endogeneity test 10.0 5.8
BIC 540,754 540,995 250,099 236,538
Observations 186,902 186,902 93,450 85,433
Individuals 29,735 29,735 29,735 21,718
CIV/IQALY in € 58,533 22,117 80,522 28,130

Note: Own calculations based on SOEP Waves 2002-2018; * p < 0.10, ** p < 0.05, ***
p < 0.01. BIC Bayesian information criteria.

159



Chapter 8

Table 21 columns 2-3 contains estimates for East and West Germany separately,
motivated by the persisting differences in life satisfaction and income levels.?5%2% OLS-
based CIVoary estimates were €75,748 in the West and €28,548 in the East. The IV-
based estimate was also higher in the West compared to the East (€20,750 and
€12,982), although the relative difference was lower (factor of 3.64 and 2.20). In both
models, this difference was mainly driven by a considerably larger income coefficients
in the East, likely due to the prevailing income differences between West and East;
observed average monthly equivalised income was €2,140 in the West and only €1,652
in the East.

We investigated the (undesired) impact of macro-economic conditions on CIVoary
estimates by excluding the years of the financial crisis and recession in Germany (2007-
2009). As shown in Table 22 (columns 4-6), this had only a minor impact on the OLS
and IV ClVoary values (€54,567 and €20,574). However, estimates based on the pre-
crisis time periods 2002-2006 (€56,640 and €7,720) were substantially lower compared
to estimates based on data from 20102018 (€70,572 and €24,811). This resulted from
larger estimated effects of income in earlier periods, which may both be a result of a
positive trend in incomes or a shift in population preferences and values over the last
decades. Appendix Table A2.1 provides further results on age and gender subgroups.
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Table 21: Results by region and time period

East West w/o 2007-2009 2002-2006 2010-2018
OLS I\ OLS vV OLS v OLS v OLS I\

Income in 0.13™ 0.18™ 0.04™ 0.07" 0.05™ 0.11"™ 0.06™ 029" 0.04™ 0.09
1000€ (0.02) (0.08) (0.01) (0.04) (0.01) (0.04) (0.01) (0.09) 0.0D) (0.05)
Income 0.00 0.03 0.01 0.04 0.01" 0.05 -0.00 0.10 0.01 0.04
t-1 (0.02) (0.06) (0.01) (0.03) (0.01) (0.03) (0.01) (0.08) 0.01) (0.04)
SF-6D 2.90™ 290" 318" 317" 3167 315" 293" 292" 3.08™ 3.08™
utility (0.13) (0.12) (0.07) (0.07) (0.07) (0.07) (0.15) (0.15) (0.08) (0.08)
SF-6D -0.12 -0.12 0.16™ 0.16™ 0.10 0.09 0.06 0.06 -0.07 -0.07
t-1 0.12) (0.12) (0.07) 0.07) (0.07) 0.07) (0.14) (0.14) (0.08) (0.08)
Model
statistics
Cragg- 323.9 680.2 783.4 181.2 494.3
Donald
Anderson 544 1,266 1,430 329 907
Endogeneity 15 5.8 9.7 8.2 2.1
test
BIC 127,072 127,092 412,723 412,877 431,238 431,487 129,869 130,432 276,374 276,464
N 43,447 43,447 143,361 143,361 151,461 151,461 48,678 48,678 101,048 101,048
CIV/QALY
in e 20,750 12,982 75,748 28,848 54,567 20,574 56,640 1,720 70,872 24,811

Note: Own calculations based on SOEP Waves 2002-2018; * p < 0.10, ** p < 0.05, ***
p < 0.01. BIC Bayesian information criteria.

161



Chapter 8

Specifications related to income

Re-estimating our baseline models including four individual-year observations which
were flagged as outliers lead to a considerably lower income coefficient in the OLS
model (Table 22 columns 3-4). This increased the CIVoary value to €82,484. The IV
estimates were only minimally affected by this (€22,782). The outlier observations
corresponded to two individuals from the same household, which reported a drop in
monthly income from €142,534 to €14,051 within two consecutive years, while
reporting constant life satisfaction.

In the models using log-transformed income (Table 22 columns 5-6), the income
coefficient was 0.24, larger than reported before by Pischke (2011) (0.125 to 0.182),
who also used the SOEP.2%" The corresponding IV coefficient, with a value of 0.63, was
on the higher end of previous IV estimates based on the industry-wage structure and
the SOEP: Luechinger (2009) reported an estimate of 0.55,%? while Pischke (2011)
reported values ranging from 0.489 to 0.617.%57 Previous estimates based on
instruments using lagged or future income shocks were also similar, with Bayer and
Juessen (2015) providing a range of 0.45 to 0.50 for permanent income shifts. Bayer
and Juessen (2015) used only data from West Germany, possibly leading to a
downward bias due to higher income levels in the West. Similarly, both Pischke (2011)
and Luechinger (2009) use SOEP waves from the years before the East German SOEP
sample was established in 1990 alongside waves containing samples from both former
German states past 1990.2% The log-transformation resulted in considerably larger
ClVoaryvalues compared to the baseline. The OLS values increased by a factor of 2.63
to €153,877 while the IV values increase by a factor of 3.59 to €81,649. Huang et al.
(2018) did not observe a large difference between linear and log income based
estimates. However, they multiplied the ratio of income and health coefficients as in
equation (22) with the median income to obtain CIVoary (as opposed to equation (26)).4
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Table 22: Income specifications

Baseline Without outliers Log income Piece-
wise
OLS v OLS v OLS v OLS
Income in 0.05™ 0.10™ 0.03™ 0.10™
1000€ (0.01) (0.03) (0.01) (0.03)
Income in 0.01 0.04 0.01™ 0.04

1000€ (¢-1)  (0.01) (0.03)  (0.00)  (0.03)

SF-6Dutllity ~ 3.12™  3.12™ 312" 312" 318"  316™  3.18™
(0.06) (0.05)  (0.08)  (0.08)  (0.05)  (0.05) (0.05)

SF-6D utility 0.10° 0.10" 0.10" 0.10"
t-1) (0.08) (0.08) (0.08) (0.08)
Log income 0.24™" 0.63™"

(0.02) (0.13)
1% income 0.43™
spline (0.05)
2™ income 0.27™
spline (0.05)
3" income 0.11™
spline (0.02)
4" income 0.01
spline (0.0DH)

Model statistics

Cragg- 1,863.7 825.8 1,329.9

Donald

Anderson 3,642.0 1,529.4 1,278.2
Endogeneity 10.0 12.9 9.7

test

BIC 540,755 540,995 540,801 541,306 540,506 541,501 540,448

Observations 186,902 186,902 186,906 186,906 186,902 186,902 186,902

CIV/QALY € 58,533 22,117 82,484 22,182 153,877 81,649 97,486

w/o 4% spline 540,755 540,995 127,072 127,092 412,723 412,877 19,515
Note: * p < 0.10, ** p < 0.05 *** p < 0.01. BIC Bayesian information criteria.
Instrumental variable did not pass weak identification tests for piecewise income

specification. CIVs for piecewise regression represents population-weighted averages
of all splines or the first three splines (€7,347, €11,686, €29,548, and €409,810).
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The piecewise linear specification was estimated with ultimately four income splines.
The cut-off points were at the 20t percentile (€1,200), the 40t percentile (€1,546), and
the 80t percentile (€2,635). Figure 18 plots the overall distribution of life satisfaction
across income, and the linear fit of life satisfaction across splines, indicating a non-
linear, diminishing pattern. The spline specific CIVoa.y values were €7,347, €11,686,
€29,548, and €409,810. The population aggregated CIVoarywas €97,486. This estimate
was driven by the large CIVoaryvalue in the fourth income spline, where the income
coefficient was insignificant. Using the three significant splines lead to a CIVoary value
of €19,5185.
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Figure 18: Relationship between life satisfaction and income across income splines.
Note: Life satisfaction values are depicted as small grey dots. Black dash-dotted
vertical lines represent the income splines used in the piece-wise linear regression.
Black horizontal lines plot the linear fit within these splines.
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Specifications and issues related to health
Choice of SF-6D value set

Applying the Dutch SF-6D value set shifted the distribution of health utilities (Figure 19),
with the mean utility decreasing from 0.725 to 0.554. These differences likely reflect
methodological differences rather than actual variation in health state preferences
between the UK and the Netherlands as UK and Dutch tariffs for the EQ-5D have been
shown to be similar.?6°

< -

UK-Tariff
[ NL-Tariff

SF-6D Utility

Figure 19: SF12 index values using UK and Dutch tariffs. The black dash-dotted line
indicates the Dutch tariff mean. The grey dash-dotted line indicates the UK tariff mean.
The distributions and means reflect SF-6D values based on self-reported SF12
questionnaires only.

The estimated CIVoaryvalues using the Dutch SF-6D tariff were markedly smaller (Table
23). The OLS estimates decreased from €58,533 to €32,534, while the IV estimates
decreased from €22,717 to €13,054. This shift was caused by the smaller SF-6D
coefficients (3.12 to 1.78), resulting from the wider spread of the Dutch tariff, which
ranges from -0.44 to 1, allowing for negative health state utility, instead of 0.3451t0 1 as
in the UK value set. The same actual change in health corresponds to a larger change
in SF-6D utility in the Dutch tariff which reduces the impact of a (hypothetical) one unit
change in SF-6D on life satisfaction.
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Table 23: Choice of SF-6D tariff

UK tariff Dutch tariff
OLS v OLS I\
Income in 1000€ 0.05+ 0.10% 0.05++ 0.09+
(0.01) (0.03) 0.0D) (0.03)
Income in 1000€ (t-1) 0.01 0.04 0.01 0.05+
(0.0 (0.03) (0.0D) (0.03)
SF-6D utility 3.12% 3.12% 1.78++ 1.78+
(0.06) (0.05) (0.03) (0.03)
SF-6D utility (¢-1) 0.10~ 0.10~ 0.05 0.05
(0.06) (0.05) (0.03) (0.03)
Model statistics
Cragg-Donald 1,863.7 825.8
Anderson 3,642.0 1,529.4
Endogeneity test 10.0 12.9
BIC 540,755 540,995 540,801 541,306
Observations 186,902 186,902 186,906 186,906
CIV/QALY € 58,533 22,111 82,484 22,182
w/o 4™ spline 540,755 540,995 127,072 127,092

Note: * p < 0.10, ** p < 0.05, *** p < 0.01. BIC Bayesian information criteria.

Health state dependence of the utility of consumption

We explored the potential impact of health state dependence on CIVoary estimates by
restricting our sample to individuals experiencing a substantial health change and
splitting their respective observation periods into good and bad health states. The
resulting sample was considerably smaller, including only 5,112 individuals yielding
48,861 observations. Nevertheless, the summary statistics suggests that the sample is
still comparable to the full population sample (see Appendix Table A4.1). Table 24
depicts the corresponding estimation results. Compared to the baseline estimates
using the full sample, ClVoaryvalues based on the combined good and bad health state
samples were lower in the OLS model (€39,482) and similar in the IV specification
(€20,377). For “"good health states”, the corresponding CIVoary estimates were lower
with €33,336 and €16,532. For “bad health states”, the OLS-based CIVoary estimate was
€38,374 and the [V-based estimate €11,779.
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Table 24: Health state dependence

UK tariff Dutch tariff Bad health

OLS v OLS v OLS v
Income in 0.07+ 0.17~ 0.05x 0.11 0.08" 0.32
1000€ (0.01) (0.07) (0.02) (0.08) (0.04) (0.24)
Income 0.03* 0.02 0.03* 0.05 0.03 0.05
t-1 (0.0D) (0.06) (0.0D) (0.06) (0.03) 0.17)
SF-6D utility 3.62x 3.607 2.51 2.50% 4,107 4,03

(0.11) (0.09) (0.14) (0.12) (0.38) (0.37)
SF-6D utility 0.10 0.11 0.12 0.12 0.32 0.32
(t-1) (0.10) (0.10) (0.12) ©.1D) (0.26) 0.27)
Model
statistics
Cragg-Donald 620.7 425.1 95.9
Anderson 1,208.4 828.1 188.4
Endogeneity 3.0 1.8 1.0
test
BIC 150,481 150,558 102,463 102,497 37,832 37,899
Observations 48,861 48,861 35,401 35,401 13,460 13,460
CIV/QALY € 39,482 20,377 33,336 16,532 38,374 11,779

Note: *p < 0.10, ** p < 0.05, *** p < 0.01. BIC Bayesian information criteria.

Important to note is that the drop in the IV based results for the bad health state primarily
resulted from a larger income coefficient estimate, even though the SF-6D coefficients
increased considerably. These results indicate that there is a positive health state
dependence of income in line with the results for Germany by Kools and Knoef
(2019).2%2 Unfortunately, we were not able to follow Kools and Knoef (2019) and
Finkelstein et al. (2013) in focusing on nonworking individuals to ensure stable income
across health states, ruling out that the increased income coefficients are driven by
individuals losing their income, and hence having a larger marginal utility of additional
earnings.?®! For our analysis, such a restriction was not feasible, as within-person
Income variation is necessary to estimate the income coefficients. However, the general
empirical pattern remains the same when excluding individuals with large negative
income differences between health states (see Appendix Table A4.2). This also holds
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when only considering the working population (Table A4.3) and those experiencing
sudden and severe health changes (Table A4.4).

Robustness checks

Lastly, we tested the robustness of our baseline results to some general concerns
regarding our estimation strategy (Table 25). In a first robustness check, we limited our
sample to individuals which were in pald employment and provided industry-
occupation information, the same sample which was used to obtain estimates for
predicted labour income for the IV regression. The resulting OLS-based CIVoaLy was
slightly lower than the baseline at €52,829, while the [V-based value was slightly higher
than the baseline at €26,097. These differences were driven by the smaller SF-6D
coefficients in both OLS and IV models, likely resulting from the working population
being healthier as individuals without labour income (the unemployed and retired).
The sum of both income coefficients was smaller in the corresponding IV-calculations
compared to baseline, increasing the ClVoary.

Next, we followed Luechinger (2009) by excluding households with self-employed
main income earners, as the income measurement error was likely to be amplified
among these individuals.?*? Self-employed individuals are often reluctant to disclose
their income, while also experiencing unstable income streams and hence, even if not
reluctant to report, they might simply misreport accidentally. The resulting CIVoary
estimates and income and SF-6D coefficients were similar to the baseline estimates
(€55,359 and €20,352).

Another concern relating to the instrument is that observed income changes may
also relate to individual effort, which likely impacts income differently across industries
and occupations. Unfortunately, effort cannot be observed. To nevertheless explore
this, we use information on reported bonuses, gratifications, or profit sharing to identify
the group of individuals for whom this might be a relevant concern, as for them effort
would have the highest impact on income and life satisfaction. To test the robustness of
our results to this potential bias, we estimate our baseline models excluding such
observations. The results in Table 25 columns 7-8 suggest that this bias is relatively
limited.

To investigate the potential impact of dropping employed individuals without
industry/occupation information (as required for constructing the IV), we included
those observations in a further robustness check (last column 7). The corresponding
OLS estimates for income coefficients and ClVoary (€62,266) are comparable to our
baseline estimates. However, by construction, we cannot confirm this for the IV
estimates.
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Table 25: Robustness check

Baseline Working only No self- No bonus Ind/
employed income occ
OLS I\ OLS I\ OLS I\ OLS v OLS
Incomein  0.05" 0.10™ 0.05" 0.05 0.07"" 0.0 0.05"™ 0.14™ 0.04™
1000€ (0.01) (0.03) (0.01) (0.03) (0.01) (0.04) (©0.01) (004 (00D
Income 0.01 0.04 0.01 0.07""  0.00 0.08" 0.01 0.02 0.01™
t-1 (0.01) (0.03) (0.01) (0.03) (0.01) (0.08) (0.01) (008 (00D
SF-6D 3.12"  3.12"™ 295" 204" 2977 2977 312" 3117 3.14™
utility
(0.06) (0.05) (0.08 (0.07) (0.08) (0.07) (0.06) (0.06) (0.06)
SF-6D 0.10" 0.100  0.07 0.06 0.01 0.01 0.10° 0.11" 0.12"
-1 (0.06) (0.05 (0.07) (0.07) (0.08) (0.01) (0.06) (0.06) (0.06)
Model
statistics
Cragg- 1,864 1,356 1,898 719
Donald
Anderson 3,642 2,638 3,633 1,334
End. test 10.0 5.4 1.4 10.1
BIC 540,755 540,995 319,169 319,323 279,896 280,043 502,827 503,172 578,002
N 186,902 186,902 116,125 116,125 101,703 101,703 172,998 172,998 198,950
CIV/QALY
s 58,533 22,117 52,829 26,097 44,058 21,382 53,974 20,464 62,266
I

Note: * p < 0.10, ** p < 0.05, *** p < 0.01. BIC Bayesian information criteria. Ind/occ
refers to specification where individuals without industry/occupation information were
included.
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Discussion

Applying the well-being valuation approach to longitudinal health and income data
from Germany, we estimated the monetary equivalent value of one year in full health
vo (equivalent to one QALY). Beyond demonstrating the feasibility of this approach in a
new country context, we explored additional empirical and methodological challenges
with implications for the practical usefulness of well-being valuation based vgestimates
(denoted as ClVoary).

Overview and context of results

Figure 20 presents an overview of our ClVoawy estimates. The baseline calculations
provided average monetary valuations of a QALY of €58,533 (OLS) and €22,717 (IV).
ClVoaLy estimates varied across model specifications with the bulk of values lying
between €20,000 and €60,000 and the (OLS) log-income specifications reaching the
maximum value of €153,877. Instrumenting for income consistently lead to lower
values, a common finding in the well-being valuation literature.?
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Figure 20: Overview of CIVparyestimates. Note: The horizontal dash-dotted lines
indicate our baseline CIVQALY estimates from the baseline OLS (black) and IV (grey)
specifications.

The range of CIVoaLy estimates obtained in our study fit into the ballpark of more
reasonable stated preference estimates.®® Furthermore, it is important to note that all IV
ClVoary estimates, except the log-income specification, fell within the range of vg
estimates for Germany of €4,988 to €43,115 reported by Ahlert et al. (2016), who
provided the only vo estimates until now.“° A first approximation of an opportunity cost
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based QALY threshold value, or ko, for Germany was reported by Woods, Revill,
Sculpher, and Claxton (2016).2°! Using empirical estimates of health care opportunity
costs for Germany, and the relationship between GDP per capita and the value of a
statistical life, they calculated a korange of €19,276 to €24,374 (in 2018 euros). A recent
related study by Ochalek and Lomas (2020) reported estimates of cost per DALY
averted (essentially the reciprocal of a QALY gain) for Germany of €47,116 to €74,650
(in 2018 euros).?%?

Limitations and strengths of the analysis

[V-based estimates rely on restrictive assumptions relating to their unbiasedness and
informational value. A valid concern is that occupational choice may be related to other
unobserved confounders, such as personality traits or income preferences.?s® The use
of individual fixed-effects should somewhat alleviate such concerns due to the rather
stable nature of personality traits,?%* but they cannot provide complete assurance. A
further assumption is that being employed in a certain industry/occupation should not
have a significant, direct effect on life satisfaction, therefore violating the exclusion
restriction. Appendix Tables A3.6 and A3.7 show that, controlling for income and other
confounders, this effect is not zero, but modest and mostly insignificant. One additional
drawback that is rarely explicitly discussed but of great importance in the well-being
valuation context, is that IV estimates only yield a local average treatment effect.?%
Using predicted labour income as an instrument, at least questions the generalisability
of our IV estimates to the full, also non-working, population. Further, as we are not able
to address all sources of measurement error with respect to income, the remaining
upward bias in the income coefficients would imply a downward bias in the estimated
ClVoary values.

In addition, income variation in industry-occupation cells predominantly consists of
positive, upward shifts in wages (and differences therein). This is conceptually different
to financial worsening events, as used by Huang et al. (2018), as these capture income
losses.** Ambrosio, Clark, and Zhu (2018) report a persistent direct effect of financial
worsening (and improvement) events on life satisfaction beyond income-changes,
raising concerns on the general appropriateness such events as income instruments. 2%
In any case, given income loss aversion,?®’ our IV based ClVoay estimates likely
represent a lower-bound.

The potential endogeneity of health (status) in life satisfaction regressions due to
reverse causality,’®%%® which is rarely addressed in the related literature, is a further
limitation. This endogeneity could be addressed by appropriate instruments or
identifying health shocks which are plausibly exogenous, such as heart attacks or
strokes. However, besides practical issues like data availability, it is questionable how
generalisable such localised causal effects would be for the overall impact of the multi-
dimensional construct of health on life satisfaction. Heterogeneity may exist both
concerning the type of health shocks, but also relating to their timing within the (life
cycle) health distribution. Whether or not our estimates of the impact of health are
biased upwards or downwards can therefore not be easily ascertained. In the one
previous article in the related literature that addressed endogeneity directly, Brown
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(2015) found that the health coefficient was slightly overestimated when not
instrumented.?® Assuming this also holds in our context, this would imply that there is
an upward bias in our CIVoaryvalues resulting from the endogeneity of health.

A more practical limitation relating to measuring health was that we had to impute
SF-6D utilities for every second year to make full use of the SOEP’s rich annual data.
This required us to condition the sample on individuals who had at least three
consecutive observations, which may have resulted in underestimating the impact of
deteriorating health, since individuals are more likely to discontinue their participation
in a longitudinal survey following a negative health shock.

A final limitation lies in the potential presence of double-counting as subjective
well-being enters the model twice: As an implicit consideration in the SF-6D health state
valuation tasks (on which the scoring of our health measure is based on), and as a proxy
for experienced utility (equation 18). To what extent this is problematic is difficult to
assess. To avoid this double counting, one could use an unweighted sum score of the
SF-6D levels. However, this raises the question of the appropriate anchoring. Using
such a sum score, rescaled to a 0 to 1 range (expanding the number of levels of the first
two SF-6D dimensions to five to not impose any weighting) lead to lower ClVoary
estimates in the unimputed dataset (Appendix Table A2.2, columns 4-5). However,
when imposing the same anchor and therefore range as in the original SF-6D tariff
(0.345 to 1), the OLS and IV results (€88,867 and €30,567) were much closer to the
unimputed baseline estimates (€80,671 and €27,777).

It seems that not the differential weighting between the dimensions caused the
larger differences, but the different anchors, i.e., the lowest utility. Another alternative
approach entailed eliciting CIV values for different dimensions directly by regressing
on all levels of the SF-6D, which did not impose any weighting. Adding up the resulting
CIV values of the lowest level of all six dimensions, summed up to a cumulative value
of moving from the best possible to the worst possible health state of €79,013 and
€27,489, which again resembled the unimputed baseline estimate (Table A2.2). While
these sensitivity checks somewhat alleviate the concerns about double-counting, the
latter revealed that 46% of the ClVoarrvalue stemmed from the impact of mental health
on life satisfaction. It is likely that the mental health dimension also plays a dominant
role in our baseline calculations. Whether this in itself is problematic lies outside the
scope of this paper, as it relates to a more general issue of the well-being valuation
approach: is life satisfaction the best (available) proxy for experienced utility?

Implications of findings

There are several practical implications of our study for future applications of the well-
being valuation approach in general, and its use for estimating vo in particular. First,
judging from the impact outliers have in the OLS specification (Table 22), subsequent
applications of the approach using linear models should report on the occurrence and
treatment of outliers. Secondly, given that the functional form of income had a large
Impact on our estimates its final specification has to be well argued and reporting
results for other alternative functional forms seems warranted. The piecewise linear
specification seems to be a promising alternative, given that it is more flexible and
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gives all income groups a proportional weight. This approach, however, comes at the
price of increasing the number of variables that need to be instrumented for.

Third, the choice of utility tariffs for the health instrument matters greatly. Especially
the range of the scoring algorithm has a large impact (Table A2.2), as an imposed one
unit change in health utility implies a different change in health if the range goes from
0.345 to 1 or -0.44 to 1. How to overcome this issue while facilitating cross-country
comparisons and how this relates to the underlying QALY concept, should further be
discussed in future applications. Lacking country specific tariffs, it may be convenient
to opt for a tariff whose origin can be placed in cultural and socio-economic proximity
to the country to be investigated. However, the impact of methodological peculiarities
in how these tariffs were generated are relevant. It would have been interesting also to
compute ClVoary estimates based on the more widely used EQ-5D health utilities and
compare the implications of differences in scope and range of the health instrument
used on ClVoaryvalues. Unfortunately, EQ-5D is rarely included longitudinal surveys.
Lastly, the differing values obtained when considering East and West Germany
separately, or specific time periods (Table 21), also highlight the potential importance
of the specific country context for CIVoary calculations.

One of the major conceptual issues discussed in our analysis, with direct relevance
for the practical value of any empirically estimated CIV of health, is the health state
dependence of utility. We attempted to provide indicative evidence on how health state
dependence might affect estimated CIVoarr values. However, it remains unclear
whether empirical approaches based on self-reported (panel) data can produce
reliable estimates if health state dependence is prevalent and survey participation and
attrition is (partially) driven by health changes over time. We found considerable
differences in the estimated CIVoaryvalues when comparing periods of good and bad
health within individuals (Table 24). As the underlying point estimates depicted
substantial uncertainty, these findings should be interpreted with caution and merely
as indicative evidence for the role of health state dependency in this context. The
impact of this sub-sample of individuals on the population wide CIVoawy value is likely
small, as attrition is high once individuals experience bad health states, long-term or
very severe health shocks. Hence, a pragmatist might argue that this issue is of
theoretical interest only. We would argue, however, that this is an inherent limitation of
self-reported observational data and its ex-post perspective in this context. Stated
preference methods would allow for an explicit ex-ante consideration of this issue
through tailored sampling strategies and survey design.

An additional conceptual concern related to health state dependence is the
question of adaptation to bad health over time.** Adaptation implies the gradual return
of subjective well-being to pre-health-shock levels despite continued (or deteriorating)
bad health 2 This phenomenon has been documented before using the SOEP data and
would generally decrease estimated ClVoawy 2" as the marginal utility of health would
decrease with time spent in bad health. To what extend this represents an estimation
error, however, is debatable and depends on what is perceived to be the “true” impact
of ill-health on well-being over time, and whether adaptation, if present, should be
corrected for. The recent findings by Etilé, Frijters, Johnston, and Shields (2020),2! who
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documented a heterogeneous distribution of adaptive potential across subgroups,
underline the relevance of this concern also from a normative perspective.

The previous remarks highlight avenues for future research, like investigating the
causal effect of health on life satisfaction, for example using instrumental variable
regressions. In addition, the approach would crucially benefit from further research into
the impact of income on life satisfaction, for example using (natural) experiments. The
regular inclusion of variables that represent valid instruments for income into different
population panel surveys could also be beneficial for further exploring the reliability
and validity of these instruments and the approach as a whole, as it would allow cross-
national replications of results. Meanwhile, future applications may draw upon recent
advances into the generalisability of [V-based estimates to explore how these concerns
can be addressed within the framework of available instruments.?”? Further, linking
survey data on individual-level subjective well-being measures with detailed
administrative records on income, health, and care consumption would also be a fruitful
direction for further inquiry, resolving some of the enumerated concerns. With respect
to the question of health state dependency, for example, it would be possible to
determine the extent to which survey data has an inherent blind spot due to the attrition
of individual following severe health shocks. In addition, such data could also be used
to explore a wider range of specification choices within the general empirical strategy
used, for example with respect to the choice of control variables. Here, we deliberately
followed Huang et al. (2018),%* as the set of basic control variables they propose is
available in most national panel surveys, which facilitates replications across country-
contexts. However, there is ample room for extending the analysis by considering a
wider set of control variables and their impact on CiVoay estimates, or even to
altogether choose a different approach such as shrinkage estimators (e.g., LASSO) or
matching to address endogeneity concerns around the impact of health and/or income
on life satisfaction.

A finalissue concerns the practical application of our voestimates. If certain (health)
policies/interventions in Germany were to be evaluated using a vovalue from our study,
which range from around €20,000 (IV) to €60,000 (OLS), we have to highlight the
following: Health care funding decisions in Germany are not based on cost utility
analysis, partially because thresholds were considered to be difficult to define.??
Finding comparable monetary estimates using a compensating income variation and
stated preference studies to some extent puts this into perspective. However, our study
cannot provide a definite answer regarding which estimate is most accurate to be used
in different contexts. This relates to the uncertainty surrounding these estimates and the
underlying assumptions, but also to normative or distributional questions, which need
to be addressed in the future.?”® While our piecewise regression results somewhat
reflect such concerns by constructing vo estimates using a weighted mean of the
different parts of the income distribution, this is only a first, very simplistic approach.
When used in a normative context, like decisions on reimbursement of technologies,
explicit policy (debate and) support is required. Applied studies could use the range
we provided to highlight the impact of varying vo estimates on their results and
recommendations, keeping in mind that for specific sub-populations our vo estimates
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might not be directly applicable. In any case the selection of any specific value over
another in any practical application should be transparently discussed with respect to
the applied selection criteria.

Conclusions

We demonstrated that the well-being valuation approach can be another useful
instrument in the (health) economist’s toolbox for obtaining monetary equivalent
valuations of health (vo). Some inherent empirical and conceptual challenges of
applying this approach in this context can be addressed, especially when using large-
scale longitudinal data. However, other issues, like the health state dependence of the
utility of consumption, will remain a threat to the validity of estimates, warranting
additional research. Concurrently, alternative approaches of estimating v, like stated
preference studies or methods aiming at eliciting the value of a statistical life, as
recently applied by Herrera-Araujo, Hammitt, and Rheinberger (2020),°™* provide
important complementary insights, despite their conceptual differences. Also given
their respective strengths and limitations, methodological diversity is desired in the
ongoing endeavour of measuring the monetary equivalent value of health.

The type of vo estimates provided in our analysis reflect average marginal health
valuations (with the caveat of being entirely based on marginal changes in health-
related quality of life), representative on a national level. As such, these can be applied
in economic evaluations informing decision making on a societal level for publicly
funded policies or interventions. Such vo estimates predominantly find their use by
informing the cost-effectiveness threshold in the context of cost-utility analysis within
health care, which aid in informing decisions on reimbursement of certain health
interventions. However, estimates of the monetary value of health can also be useful in
broader contexts, like cost-benefit analyses or similar approaches,?’ especially when
benefits and costs of policies/interventions constitute a mix of health and non-health
outcomes occurring across different sectors. Advancing methodologies aiming to
estimate voand providing insights into their validity can assist in informing some of the
uncomfortable trade-offs that societies generally face in priority-setting both within
health care but also beyond. %
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General discussion

The aim of this thesis was to contribute to broadening the scope and strengthening the
empirical basis of health economic evaluations. This is relevant because health
economic evaluations can inform whether the costs of interventions in health and social
care are proportional to the benefits they provide, thereby increasing the quality,
transparency, and accountability of resource allocation decisions in health care.

While the general idea of the health economic evaluation framework is rather
straightforward, its exact definition and scope as well as its empirical basis of
measuring and valuing the benefit dimension is not. For example, traditionally, the
scope of the outcome dimension was limited to health alone, but it has been argued
that this may not be appropriate in all contexts. Using inappropriate or incomplete
outcome measures may carry the risk of not maximising the value of health care
interventions, as perceived and experienced by recipients of that health care. We may
not be maximising what is relevant to the corresponding recipients of health care. This
implies that limited health resources are not optimally allocated. This may also be the
case if the monetary value of health gains is not set appropriately. Then, assessing
whether the benefits of an intervention outweigh the costs associated with it, becomes
troublesome. Moreover, if the scope of health economic evaluations is to be extended
to measuring broader well-being, the monetary value of gains in well-being also needs
to be established to make welfare improving decisions.

Therefore, further empirical, and conceptual research was (and still is) needed for
facilitating and promoting the use of broader outcome measures in health economic
evaluations. This final chapter summarises and discusses the overall findings of this
thesis in relation to its overall aim. Limitations are highlighted alongside contributions
to the literature and main implications for research and policy.

Part I: Generating weights for health and well-being instruments

The first part of this dissertation addressed conceptual and methodological questions
about assessing the importance of different dimensions of well-being within several
multi-dimensional well-being instruments. This is a necessary step to be able to
quantify the benefits of interventions for economic evaluations.

Chapter 2 reported on a study applying an alternative estimation approach for
valuing states for two broader well-being instruments, i.e., the ICECAP-A and ICECAP-
O (instruments measuring capability well-being among adult and senior population,
respectively). The research questions addressed in this chapter were whether it is
feasible to create experienced utility tariffs for the broader ICECAP capability well-
being measures with well-being data, and how these experienced utility tariffs
compare to the existing decision utility tariffs. The main findings were the following:
First, it proved to be possible to obtain sets of experienced utility weights with a
straightforward regression-based approach. Second, although the two approaches
(and what they measure) are different, the estimated weights shared a fair degree of
similarity. Third, for the ICECAP-O, the largest differences in the two sets of weights
were found in the enjoyment dimension, while for the ICECAP-A differences were
found especially in the attachment and autonomy dimensions.
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As broader well-being instruments tend to contain more quality-of-life domains,
survey-based experiments for valuing well-being states become more difficult for
participants.®® This may especially be the case for older participants. Chapter 3
therefore compared two types of experiments for generating utility tariffs for the Well-
being Of Older People measure (WOOP), a newly developed well-being instrument
comprising nine dimensions.?® The analysis attempted to establish whether best-worst
scaling (BWS) or discrete choice experiment (DCE) is less cognitively burdensome for
older participants. The results in terms of both revealed and stated cognitive burden
indicated that DCE tasks were less cognitively burdensome than BWS.

Next, Chapter 4 aimed to assess the preferences of older people in the Netherlands
regarding the relative importance of the nine well-being dimensions of the WOOP, a
broader quality of life instrument.?® As such, a utility tariff for the WOOP was created
using a duration discrete choice experiment. The main results of the DCE indicated that
‘physical health’ and ‘mental health’ were the two most important well-being domains,
followed by ‘making ends meet’ and ‘independence’. The domains ‘social contacts’,
‘receiving support’, or ‘feeling useful’ were estimated to be less important.

Part II: Estimating the monetary value of health and well-being gains

The research reported on in Part Il focused on estimating the monetary value of health
(safety) and well-being, applying different methodologies. It also comprehensively
tested the suitability of a novel approach for the monetary valuation of health gains.

Already before COVID-19, the need for investing in effective infectious disease
outbreak prevention was recognized. Chapter 5 reported on a willingness-to-pay
experiment to estimate the societal monetary valuation of an international integrated
early warning system for infectious diseases aimed at increasing the health safety of
citizens in Europe. The mean monthly willingness to pay for such a system across six
European countries was €21.80 (median=€10.00). These values ranged from €8.89
(median=€3.85) in Hungary to €28.33 (median=€13.42) in Denmark. Aggregating the
median values would result in a yearly contribution for the six included countries of
€6.5bn. Although rigorously designed and with results behaving as expected, it needs
to be acknowledged that due to the inherent limitations of willingness-to-pay-
experiments, such as framing effects and hypothetical bias),* these valuations need to
be interpreted with caution.

Chapter 6 reported on a replication of the willingness-to-pay study reported in
Chapter 5 but performed in a dramatically changed context. The survey data used in
chapter & were collected in 2018, when no immediate pandemic threat seemed to exist
in Europe. This changed with the onset of the COVD-19 pandemic in early 2020.
Therefore, this chapter tried to answer the question whether the valuation of an early
warning system for infectious diseases changed in the wake of this pandemic,
comparing data from April 2020 and April 2018. Mean monthly WTP for an early
warning system for infectious diseases significantly increased, i.e., by about 50%,
depending on the specified WTP scenario. The corresponding median values
increased by about 30%. The results highlighted the following: First, the conducted
experiment and its results were sensitive to the change in context. Second, the changes
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arguably were relatively moderate. Third, different scenarios in the experiment, with
widely varying health benefits, led to only slightly different results, providing further
evidence of insensitivity to scope in WTP experiments.

The well-being valuation approach is one of the methods that can be used for
estimating the monetary value of health, or more specifically, the consumption value of
health v5.%4 Chapter 7 reported on a study based on UK data applying this regression-
based approach to estimate the monetary of a QALY, i.e., a year in full health, but also
the monetary value of a year in full capability well-being (measured using the ICECAP-
A instrument). It therefore addressed the question whether it is feasible to estimate a
monetary value for both health and well-being using this approach and if so, what the
relative monetary value of health gains and well-being gains. The baseline monetary
estimates were £30,786 for one QALY and £66,597 for one year in full capability, with
relative magnitudes varying between 1.7 and 2.6 in the conducted robustness checks.
This analysis confirmed that the well-being valuation approach can produce estimates
with certain face validity, as they were in line with previous estimates for health.®®
Moreover, results substantiate that capability well-being represents a broader outcome
than health, as its value was estimated to be higher.

Chapter 8 aimed to assess several empirical challenges of the well-being valuation
approach for estimating the monetary value of health and proposes how some of these
could be addressed. In this chapter, the well-being valuation approach was applied to
large-scale longitudinal data from Germany to address challenges related to the
functional specification of income, the choice of health utility tariffs, and the health state
dependence of consumption utility. The baseline monetary estimates the value of a
QALY in Germany was €58,533, but €22,717 when instrumenting for income. Across
various model specifications relating to the empirical questions under examination, the
bulk of values ranged between €20,000 and €60,000 per OQALY. Several
recommendations for future studies using the well-being valuation approach to value
health were formulated based on the results of this study.

Limitations and corresponding research avenues

While analysis-specific limitations have been discussed in each of the respective
chapters, the following aims to discuss the general limitations of this thesis. Avenues for
future studies are formulated as well.

The empirical research described in this thesis is often based on experimental
data, eliciting stated preferences (chapters 3 to 6). The downsides of stated preference
approaches, like hypothetical response bias, insensitivity to scope, or framing effects,
are well known.!%* While the analysis of well-being data in the context of this thesis
(chapters 1, 7, and 8) seems to be a promising alternative, the following question
remains unanswered: How do the obtained preferences and valuations compare to
actual decisions, behaviours and trade-offs, 1.e., revealed preferences? Insights into this
would strengthen the validity of many of the obtained results. The COVID-19 pandemic
may actually have provided a situation where, for instance, trade-offs between different
well-being domains, or specifically health and well-being, could be observed more
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clearly. Over the past two years, individuals have constantly been trading off their
health (infection and associated risks) and dimensions that are important to well-being,
like their social life. Moreover, willingness to pay for increasing in health safety are now
also more visible, as individuals purchase (quality) masks or (self-)tests out of their own
pocket. Such observed behaviours provide interesting opportunities for further
research into the (relative) value of health and well-being.

Another limitation concems the approach for obtaining the survey and
experimental data. All data used in this dissertation (except for chapter 8) was collected
through online surveys administered to (commercial) online panels. The use of such
online formats and panels has been increasing and it has been shown that the quality
can be comparable to mail surveys in the context of WTP experiments.?”® However,
concerns do exist regarding the comparability of members of such online panels to the
general population.?’® These concerns may even be stronger when aiming to include
vulnerable populations like patients or older people. Given the increasing elicitation
and use of patient preferences to inform policy decisions,?’” efforts for improving the
representativeness in online sampling appears to be a worthwhile effort. This was
recently already recognized in the context of data collections during the COVID-19
pandemic.?%

A limitation concerning chapters 3 and 4 is that, while we attempted to assess and
address cognitive burden of the choice tasks, it remains an question how to disentangle
informed/preference-based choices and choices based on decision heuristics in
choice experiments.® With the tendency towards the development of larger
instruments, or experiments with a larger number of attributes in general, decision
heuristics potentially play an increasingly important role. To advance health state
valuation based on choice experiments, it would be beneficial to further examine the
prevalence of choice heuristics in designs with varying complexity in different
respondent groups. Furthermore, the implications of choice heuristics for the internal
and external validity of results of choice experiments should be further investigated,
and possible strategies to overcome them need to be developed.

A general limitation of the current approach to health state valuation, also applying
to the WOORP utility tariffs created in chapter 4, is that only one set of utility weights
based on the preferences of the general public is generally calculated and
subsequently in economic evaluations of all sorts of interventions.! However,
preferences might differ within the general population, between the general population
and the target group of an intervention, often patients with a certain disease or
limitation, and also between target groups of different interventions. Already in the
development stage of the WOOP, it was shown that heterogeneity exists concerning
what well-being means to older people.?? Also in chapter 4 we found evidence for
heterogeneity in preferences (as shown by the standard deviations in Table 9). It is a
normative choice in health state valuation to apply just one utility tariff irrespective of
the population of interest, usually motivated by the fact that it reflects the average
preferences of the general public, who are the payers of interventions (through taxes
and premiums). However, it seems worthwhile to conceptually and empirically explore
estimating the cost-utility of interventions using heterogenous utility value sets, also
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given the emerging opportunities from advances in DCE design generation and
statistical modelling.??

In the studies presented in chapters 5 and 6 it was not possible to overcome the
major limitations of willingness-to-pay experiments in this context, which lie in
hypothetical response bias and insensitivity to scope.!%* However, two lessons can be
learned from these studies for WTP experiments using different risk scenarios: First,
observing that many respondents anchored their responses on the first scenario, it
would be recommendable to randomise the order of scenarios or to separate the
scenarios in the survey. Second, given strong insensitivity to scope, which may be
different for goods more tangible to respondents, it may be recommendable to use
more of the respondents’ time to better inform one or two basic scenarios rather than
presenting them with many different scenarios.

An open, more normative, question in terms of the results the studies presented in
chapters 5 and 6 remains: Seeing that the onset of the pandemic has changed the
monetary valuation of health, what is the policy relevant value? The WTP obtained
before the pandemic emergency, based on less informed preferences? Or the WTP
obtained after respondents experienced the consequences of a specific pandemic and
updated their preferences? In essence, this relates to the point raised before about
using general public or target group (i.e., patient) utility tariffs for valuing the health or
well-being effects of an intervention.

In terms of the findings of chapters 7 and 8, the following has to be acknowledged:
The estimated monetary valuations represent just one (set of) values using one specific
approach, based on specific assumptions. As outlined before, many other approaches
can be used for estimating v, which may lead to estimates that are conceptually
different from each other and that could lead to different policy recommendations due
to differences in results. For instance, our main monetary estimate of one year in full
capability (£66,597) is an average individual valuation, while a recent qualitative study
provided an average societal valuation for a year in sufficient capability that is
substantially lower (£33,500).!%¢ Furthermore, the vo estimates reported in this
dissertation relate to the consumption value of health, while for instance in the UK,
threshold values are oriented on health opportunity costs (sometimes denoted kq).%2%
Given this variety in perspectives and methods and the implications of findings from
policy decision-making and individual patients, it is recommended that researchers
should be clear and transparent about what it actually is that they are estimating. Also,
it should be clear which choices have been made and why in collecting, cleaning, and
analysing the data, and how these choices potentially affect their findings. Because
estimates of vg and kg provide complementary insights useful for health care decision
making, considering the results of chapter 8, it may be of value to provide estimates of
ko for Germany, applying similar approaches that have been used before in the UK.2!8

A last, self-evident, limitation of this thesis is that the generated insights are context
specific. For instance, the estimated monetary valuations of a QALY for the UK and
Germany may not be very relevant for other countries. Similarly, the created utility tariff
for the WOORP is primarily intended to be used in economic evaluations in the
Netherlands. At the same time, the conceptual insights and methodological advances
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presented in this thesis are generalisable and applicable to the health economic
evaluation framework in many more countries. Also, the presented studies may serve
as blueprints for replications in other contexts and populations.

Contribution and relevance of results

On a general level, the contribution of this thesis to the literature is to have advanced
the traditional health economic evaluation framework and its empirical basis in two
particular ways: First, conceptual and innovative empirical work was conducted for
valuing well-being states. This contributes to measuring and valuing broader quality of
life gains for the purpose of economic evaluations. Second, different methodologies
were applied and tested for estimating the monetary valuation of health and well-being
gains. These two contributions together facilitate the incorporation of broader well-
being outcomes in health economic evaluations. The following summarises the specific
contributions of the chapters, alongside highlighting the policy relevance of the
findings.

The study in Chapter 2 was the first to create experienced utility tariffs for broader
well-being instruments. These alternative tariffs for ICECAP-O and ICECAP-A can
readily be used in health economic evaluations in the UK. While these tariffs turned out
to be similar to the available decision utility tariffs, this is not necessarily the case for
other instruments or in other contexts. Decision utility and experienced utility provide
conceptually different information, and can both be relevant to decision makers.%
Therefore, it is recommended to use the different sets of weights next to each other and
discuss the implications of differences in findings.

Previous studies on valuing well-being states exclusively applied best-worst
scaling approaches,?3347 while studies valuing health states predominantly used
discrete choice experiments.® For estimating a utility tariff for WOOP, both approaches
were initially considered. The finding of Chapter 3 that DCE was considered less
burdensome, motivated the use of this method in Chapter 4. Although this finding was
in contrast to some earlier claims,® it was in line with more recent research.®
Furthermore, while our results are context specific, they highlight that conducting
similar a priori experiments to inform the choice between elicitation methods is
recommended.

The utility tariffs created in Chapter 4 enables the use of the WOOP in health
economic evaluations in the Netherlands. Assuming that well-being preferences are
somewhat overlapping in historically and culturally similar countries, the tariffs may
also be used in other western, industrialized countries. That health state preferences
only marginally differ between similar countries has been shown before for a different
quality of life instrument. 28

In addition, Chapter 4 provided further insights into what really matters to older
people in terms of different well-being domains. These insights may be useful for
decision making in terms of agenda and priority setting of policies affecting older
people, both inside and outside the health care sector. For instance, the finding that
mental health was perceived to be the most important well-being domain, and at least
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as important as physical health, implies that public investments could focus more on
mental health care. It may, for example, also shed a different light on decisions to
completely isolate older people living in nursing homes from their families living in the
community during certain stages of the COVID-19 pandemic.

Furthermore, Chapter 4 contained some important methodological contributions.
First, this study was the first to apply a DCE with duration approach for estimating a
utility tariff for a broader well-being measure.®*!%2 This approach allows to estimate a
QALY-type tariff, anchoring the utility index on dead (0) and full well-being (1), with
possible negative values representing well-being states considered worse than dead.
Second, the estimated model was specified to accommodate for non-linear time
preferences.'?? This resulted in an unbiased representation of the trade-off between
length and quality of life inherent to such valuation studies. Consequently, the
application of such models is strongly encouraged for the purpose of health state
valuation using DCE with duration approaches. Third, given the overall favorable
results regarding cognitive burden, despite the large descriptive system and the
complexity of the tasks, it appears that the steps that were taken to reduce cognitive
burden of the DCE were successful. Color coding, level overlap and separating out
duration, therefore, can be recommended for future studies using DCE's in similar
contexts.

The studies presented in Chapters 5 and 6 present first monetary valuations for
health safety provided by an early warning system for infectious diseases for six
European countries. While point estimates from WTP studies, the predominant
approach for the monetary valuation of health,*® need to be interpreted carefully, two
aspects are worth noting: First, in a more general sense, the results indicate that the
majority of respondents consider such an early warning system to be of value (even
before the pandemic). Second, the relative size of the monetary estimates across
countries can be of value to inform public investments in pandemic prevention
especially at the European level. In any case, in this post-COVID era, the need for
transnational pandemic prevention has become more obvious and the studies included
in this dissertation provide a starting point for informing international investment
decisions in this area.

The contribution of Chapter 7 lies in a side-by-side estimation of the monetary value
of a QALY and a year in capability well-being, a novelty in the literature. The obtained
estimate for one year in full capability thus represents a first approximation of the
individual monetary valuation of a broader well-being measure. The results imply that
if the ICECAP-A is used in economic evaluations, using a (considerably) higher
threshold as compared to the QALY threshold would be appropriate, which was to be
expected given the broader scope of wellbeing measures. As such, the valuation of
one year in full capability, together with findings from previous related work,** can be
used for informing the cost-effectiveness of interventions assessed using the ICECAP-
A in the UK context. Furthermore, the estimated monetary value of a QALY, although
not based on health opportunity costs, adds to the existing literature on the QALY
threshold value in the UK.*8
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The analysis in Chapter 8 is the most comprehensive study up to this point on
applying the well-being valuation approach for estimating the monetary value of health.
The implications of the results for future applications of this approach are the following:
Outliers need to be addressed, different functional forms of income need to be tested,
the choice of utility tariff is not neutral and needs to be well argued, and the health state
dependence of consumption utility needs to be addressed.

At the same time, further research is needed on additional strategies to estimate
causal impacts of health/well-being and income on life satisfaction. One potential way
forward could be to establish country-specific yardsticks for the causal estimate of
income on life satisfaction by using insights from randomised (social) experiments like
the basic income experiment (now also launched in Germany™).?®! While not the
primary purpose of this chapter, the estimated monetary valuations of a QALY provide
a further basis for the discussion about the establishment and the height of a threshold
value for Germany.

Conclusion

The necessity of performing health economic evaluations, and of extending their scope
is at least partly motivated by ageing populations and rising health care costs.? As many
western countries are only at the beginning of this demographic transition, the need
and importance of helpful tools informing the allocation of scarce health care resources
will likely increase. While not without flaws, cost-utility analysis appears to be the best
tool for assessing the value for money of most interventions (so far).” At the same time,
the framework for the measurement and valuation of benefits, either in terms of health
or well-being, can be further developed and aligned with public preferences to further
improve welfare from policy decisions. The here proposed extensions and refinements
of the health economic evaluation framework are only some among many. For instance,
additional instruments measuring broader well-being are currently being developed;
concerns around health equity within this framework are being addressed;!* and the
inclusion of future costs, unrelated to the intervention under assessment, is being
discussed.?®? On a broader scale, it may be worthwhile to investigate how cost-utility
analysis can be used for informing allocation of public spending across sectors of the
economy.?8

To conclude, decisions about the allocation of scarce health care resources have to
be made now and will need to be made in the future. This dissertation contributed to
the growing body of literature extending the health economic evaluation framework
used for informing such decisions. To maintain and improve the accessibility,
affordability, and quality of health care, taking equity considerations into account, it is
essential that health economists continue to operate and further refine this framework
with cool heads, but warm hearts.

* https://www pilotprojekt-grundeinkommen.de/english
T At the same time, some countries, like Germany, are still reluctant to acknowledge this.
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Health care resources are scarce. Consequently, decisions must be made about how
to allocate these resources. In publicly funded health care systems these decisions
could, for example, be about whether a new medical intervention is included in the
health benefits package, or not. Institutions responsible for making these judgements
require adequate information to be able to make choices that benefit society. Health
economic evaluations provide such evidence by systematically comparing the costs
and benefits of interventions. Traditionally, the assessment of benefits has been
exclusively focused on health effects. However, for certain health and social care
services considering broader outcomes may be more appropriate, as the aim of
interventions may be to improve well-being rather than only or specifically health
(elderly care, social care, palliative care). In such settings, focusing on only the health
effects of interventions would provide an incomplete assessment of their benefits. This,
in turn, could lead to suboptimal resource allocation decisions.

Therefore, the general objective of part A of this thesis was to conduct research
facilitating the use of broader outcome measures in health economic evaluations, which
go beyond health and extend benefit assessment of interventions to well-being. In one
study, this entailed testing the feasibility of an alternative method for weighing the
dimensions of multi-dimensional outcome measures, a necessary step for quantifying
benefits for health economic evaluations, with a special focus on well-being
instruments. The conceptual difference of the applied method to more traditional
approaches was to base the weighting on actual well-being experiences of individuals
and not judgements of expected well-being experiences in hypothetical well-being
states. While the resulting sets of weights were similar to existing, conventional,
weights, they differed meaningfully in well-being dimensions relating to enjoyment and
attachment, and in the value of small well-being decrements.

The aim of the two other studies in part A of this dissertation was informing and
developing an experiment for obtaining preferences of older people regarding well-
being states. In particular, these studies focused on investigating the importance of the
nine dimensions of a novel well-being measure for older people. The experiment
showed that mental health, physical health, being able to make ends meet (financial
security) and independence were assessed to be the most important well-being
dimensions by older people.

Part B of this dissertation was motivated by the fact that health economic evaluations
are most likely to lead to optimal decisions if information is available on which ratio of
costs and benefits is still considered acceptable, 1.e., a monetary threshold value for
what society is willing to pay for an additional unit of outcome. Research exists on the
monetary value of health, but if the scope of the benefits under consideration is
extended to well-being, new evidence is necessary about the monetary value of well-
being gains. Therefore, the broader objective of part B of this thesis was to apply and
refine existing methodologies to value health for estimating the societal monetary value
of well-being.

One avenue of research comprised of two studies applying willingness to pay
experiments in the context of a (potential) health intervention. The purpose of these
experiments was to obtain a societal monetary valuation of increases in health safety
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provided by an integrated European early warning system for infectious diseases. A
willingness to pay experiment that was fielded before the start of the COVID-19
pandemic was replicated two years later, during the pandemic. The results of these
two experiments showed that most individuals would be willing to pay for the health
safety benefits from such an early warning system and that the mean willingness to pay
increased by about 50% after the start of the COVID-19 pandemic. The two studies also
provided further insights into the sensitivity of such willingness to pay experiments to
the size of the benefits considered.

A further research avenue of part B of this dissertation entailed applying and testing
the well-being valuation approach for estimating the societal monetary valuation of
health and well-being. This approach has not yet been used and tested for this purpose
as extensively as methods like willingness to pay or discrete choice experiments. One
study focused on obtaining monetary estimates for health and capability well-being
based on data from the UK. This study found that a gained year in full capability well-
being is valued roughly twice as high as a gained year in full health. In a second study,
the well-being valuation approach was applied to a large German dataset to value
health and the sensitivity of this approach to different model and variable specifications
was extensively investigated. Several recommendations for future studies using the
well-being approach were formulated based on the results of this study.

The overall implications of this dissertation can be summarised as follows: First, the
conceptual and innovative empirical work on weighting well-being dimensions in part
A of this thesis facilitates the use of well-being measures in health economic evaluations
and provides guidance for future research aiming to compute such weights for well-
being instruments. Secondly, the studies on estimating the monetary value of health
and well-being in part B of his thesis provide useful and actionable information for
health economic evaluations of interventions with a broader aim than health
improvement. Moreover, the thorough investigation and discussion of the applied
methods may prove valuable for the design and specification of future related studies.
The research presented in this thesis contributed to the growing body of literature
extending the health economic evaluation framework to include broader outcomes.
Nevertheless, given the challenges arising from ageing populations and other
pressures on health care budgets, the health economic evaluation framework needs to
remain flexible and open to further developments in order to continue to meaningfully
inform policy decisions about maintaining and improving the accessibility, affordability,
and quality of health care.
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Propositions

1. The adequate evaluation of health and social care services requires a scope
beyond health (this dissertation).

2. The well-being valuation method is a valid additional approach for
estimating the monetary value of non-market goods like health (this
dissertation).

3. Utility tariffs based on decision and experienced utility are conceptually
different, but both provide relevant information for reimbursement decisions

(this dissertation).

4. Contingent valuation studies have their limitations when valuing complex
interventions (this dissertation).

5. Discrete choice experiments with duration are able to provide anchored
utility tariffs for comprehensive health or well-being instruments (this
dissertation).

6. Science before statistics!

7. Open science can lead to a second credibility revolution in economic
research.

8. More open and transparent peer-review processes could lead to better
research.

9. The concept of opportunity costs should play a larger role in political
discussions, also outside health care.

10. Large-scale policy experimentation should be used more frequently to
inform important legislation.

11. Cake is better than coffee.
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De middelen voor gezondheidszorg zijn schaars. Daarom moeten er beslissingen
worden genomen over de beste inzet van deze middelen. In publiek gefinancierde
zorgstelsels kunnen deze beslissingen bijvoorbeeld gaan over het al dan niet opnemen
van een nieuwe medische interventie in het basispakket van vergoede zorg.
Instellingen die verantwoordelijk zijn voor het maken van deze beslissingen hebben
adequate informatie nodig om keuzes te kunnen maken die de samenleving ten goede
komen. Gezondheidseconomische evaluaties leveren die informatie door de kosten en
baten van interventies systematisch te vergelijken. Traditioneel ligt bjj de beoordeling
van de baten de nadruk op de gezondheidseffecten. Voor bepaalde interventies in de
gezondheidszorg of de langdurige zorg kan het echter passender zijn om bredere
uitkomsten te gebruiken, aangezien het doel van zulke interventies meer gericht is op
het verbeteren van welzijn dan (alleen) gezondheid (zoals in de ouderenzorg,
Maatschappelijke gezondheidszorg of palliatieve zorg). In dergelijke gevallen zou het
focussen op alleen de gezondheidseffecten van interventies een onvolledig beeld van
de baten van interventies opleveren. Dit zou vervolgens kunnen leiden tot suboptimale
beslissingen over de inzet van schaarse zorgmiddelen.

Daarom was de algemene doelstelling van deel A van dit proefschrift om
onderzoek te doen naar het gebruik van bredere uitkomstmaten in
gezondheidseconomische evaluaties. Zulke uitkomstmaten meten meer dan alleen
gezondheid en breiden de beoordeling van baten van interventies uit naar het meten
van welzijn. In een eerste onderzoek werd de haalbaarheid getest van een alternatieve
methode voor het wegen van de dimensies van multidimensionale uitkomstmaten, met
speciale aandacht voor welzijnsinstrumenten. Die weging is een noodzakelijke stap in
het kwantificeren van de baten van interventies in gezondheidseconomische
evaluaties. Het conceptuele verschil van de hier toegepaste methode met meer
traditionele benaderingen was om de weging te Dbaseren op feitelijke
welzijnservaringen van individuen en niet op beoordelingen van verwachte
welzijnservaringen in hypothetische welzijnstoestanden. Hoewel de resulterende sets
van gewichten vergelijkbaar waren met bestaande, conventionele gewichten,
verschilden ze aanzienlijk voor de welzijnsdimensies met betrekking tot ‘plezier’ en
‘liefde en vriendschap’, en in de waardering van kleine welzijnsverminderingen. Het
doel van de twee andere studies in deel A van dit proefschrift was het informeren en
ontwikkelen van een experiment voor het meten van voorkeuren van ouderen met
betrekking tot welzijnstoestanden. Deze studies waren met name gericht op het
onderzoeken van het gewicht van de negen dimensies van een nieuwe welzijnsmaat
voor ouderen. Uit het experiment bleek dat geestelijke gezondheid, lichamelijke
gezondheid, rondkomen (financiéle zekerheid) en zelfstandigheid door ouderen als
de belangrijkste welzijnsdimensies werden beoordeeld.

Deel B van dit proefschrift had als uitgangspunt dat gezondheidseconomische
evaluaties de meeste kans hebben om tot optimale beslissingen te leiden als er
informatie beschikbaar is over welke verhouding tussen kosten en baten acceptabel
wordt geacht, dat wil zeggen, een monetaire drempelwaarde voor wat de samenleving
bereid is te betalen voor een extra eenheid van de relevante uitkomst. Er bestaat
weliswaar onderzoek naar de monetaire waarde van gezondheidswinst, maar als de
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reikwijdte van de relevante baten wordt uitgebreid tot welzijn, is onderzoek nodig naar
de monetaire waarde van welzijnswinst. Daarom was de bredere doelstelling van deel
B van dit proefschrift om bestaande methodologieén om gezondheid te waarderen toe
te passen en te verfijnen voor het schatten van de monetaire waarde van welzijn vanuit
maatschappelijk perspectief. Een eerste onderzoekslijn bestond uit twee onderzoeken
waarin experimenten werden uitgevoerd om de Dbetalingsbereidheid voor een
(potentiéle) gezondheidsinterventie te meten. Het doel van deze experimenten was
om een maatschappelike monetaire waarde te schatten van een betere
gezondheidsveiligheid door het opzetten van een geintegreerd Europees systeem
voor vroegtijdige waarschuwing voor infectieziekten. Een van de twee experimenten
vond plaats voor het begin van de COVID-19-pandemie. Dit experiment werd twee
jaar later, tijdens de pandemie, herhaald. De resultaten van deze twee experimenten
toonden aan dat de meeste mensen bereid zouden zijn te betalen voor betere
gezondheidsbescherming door een dergelik systeem voor vroegtijdige
waarschuwing. De gemiddelde betalingsbereidheid nam na het begin van de COVID-
19-pandemie met ongeveer 50% toe. De twee onderzoeken gaven ook meer inzicht in
de gevoeligheid van de betalingsbereidheid voor de omvang van de gepresenteerde
gezondheidsbaten.

Een tweede onderzoekslijn in deel B van dit proefschrift omvatte het toepassen en
testen van de welzijnswaarderingsmethode voor het schatten van de maatschappelijke
monetaire waarde van gezondheid en welzijn. Deze aanpak werd niet eerder zo
uitgebreid gebruikt en getest voor dit doel, waarvoor meestal methoden als
betalingsbereidheid en discrete keuze experimenten worden gebruikt. Eén
onderzoek was gericht op het verkrijgen van monetaire waarderingen van gezondheid
en welzijn op basis van data uit het VK. Uit deze studie bleek dat de waarde van een
gewonnen jaar in volledig welzijn ongeveer twee keer zo hoog was als een gewonnen
jaar in  volledige gezondheid. In een tweede studie werd de
welzijnswaarderingsmethode toegepast om gezondheid te waarderen. Hierbij werd
gebruik gemaakt van een grote Duitse dataset en werd de gevoeligheid van de
uitkomsten voor verschillen in de gebruikte specificaties van modellen en variabelen
uitgebreid onderzocht. Op basis van de resultaten van dit onderzoek zijn verschillende
aanbevelingen geformuleerd voor toekomstig onderzoek  waarin @ de
welzijnswaarderingsmethode wordt toegepast.

De algemene implicaties van de bevindingen in dit proefschrift kunnen als volgt
worden samengevat: Ten eerste, vergemakkelijkt het conceptuele en innovatieve
empirische werk over het wegen van welzijnsdimensies, gepresenteerd in deel A van
dit proefschrift, het gebruik van welzijnsmaten in gezondheidseconomische evaluaties.
Daarnaast biedt het een leidraad voor toekomstig onderzoek gericht op het berekenen
van dergelijke gewichten voor welzijnsinstrumenten. Ten tweede, leveren de studies
in deel B van zijn proefschrift, over het schatten van de monetaire waarde van
gezondheid en  welzijn, bruikbare en toepasbare informatie  voor
gezondheidseconomische evaluaties van interventies die bredere uitkomsten hebben
dan alleen gezondheidsverbetering. Bovendien kan het grondige onderzoek naar en
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de bespreking van de toegepaste methoden waardevol zijn voor het ontwerp en de
specificatie van toekomstige studies op dit terrein.

Het onderzoek dat in dit proefschrift werd gepresenteerd draagt bij aan de
wetenschappelijke kennis over het uitbreiden van het raamwerk van
gezondheidseconomische evaluaties om bredere uitkomstmaten te kunnen
includeren. Desalniettemin moet dit raamwerk, gezien de uitdagingen die voortvloeien
uit de vergrijzing van de bevolking en de bredere druk op zorgbudgetten, open
blijven staan voor verdere ontwikkelingen. Dit is nodig om beleidsbeslissingen op
zinvolle wijze te blijven informeren en uiteindelijk de toegankelijkheid, betaalbaarheid
en kwaliteit van de zorg te bewaken en te verbeteren.
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