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Abstract

Inthe paper, we usethe theory of mechanism design to exhibit the cost of efficient
provision of healthcare, defined asthe uniquely defined sum of individual side payments
which would eliminate moral hazard. It is argued that this cost may be used to assess
the costs arising from use of the treatment in cases where it is not appropriate from a
strictly medical point of view. An example is given to indicate how this assessment
might enter into practical cost-effectiveness anaysis.
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1. Introduction

The increasing awareness of the cost of heathcare has led to the introduction of
economic toolsin decisions about treatments to be offered and reimbursement of patients
outlays. As aresult of practical needs as well as theoretical considerations, a discipline
of health economic assessments has devel oped, documented not only in numerousjournal
articles but also in textbooks such as Drummond et al. (1997), Drummond and McGuire
(2001).

The basic tool for health economic assessment has always been the search for a cost-
effectivenessratio of agiven treatment or medicine, and in recent years, the standard way
of presenting results hereisin the form of cost per QALY achieved. Much effort has been
laid down in the development of methods for measuring QALY weights of health states,
with the ultimate goal of presenting the decision maker with the best possible way of
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utilizing the funds available for health care. The very terminology suggests that choosing
the treatment with the lowest cost-effectiveness ratio implies that the maximal gain in
health will be achieved; the decision is the most effective to be bought for the money
available.

In the present paper we shall argue that even if we agree both on the objective
of achieving effectiveness (maximum of health for the given amount of money) and
accept the QALY approach as a valid measurement of heath (a viewpoint which has
went almost unchallenged for surprisingly many years, but where critical voices are
now appearing), there can be no effectiveness without efficiency, in the sense that the
interventions chosen should be applied to the right patients. Even if we accept the validity
of QALY measurement, this efficiency aspect is not taken care of in a standard cost-
effectiveness analysis.

What is missing in the standard approach is the behaviour of the patient and the
prescribing doctor whenthedrug (or in general, themedical i ntervention) hasbeen accepted
as part of what is offered in the healthcare system. In this situation we may encounter
overuse caused either by favorable reimbursement rates or simply by patient preferences
for the new treatment, or underuse, again either by the provider’s reluctance to use it or
by patients’ substitution towards cheaper though less effective drugs. Thisphenomenonis
often referred to in practice as diagnosis drift, meaning that the drug is applied beyond its
original designation, and decision makersareworried about it when deciding on marketing
and reimbursement, but since it is not readily quantifiable and definitely not supported by
any clinical data, it israrely taken into account.

From the point of view of health economics, diagnosis drift is an instance of moral
hazard, where individuals strive to achieve the best possible treatment given that their true
state of hedlth is only partially observable to the heathcare organization delivering the
treatment. Asiswell-known, the phenomenon is not easily done away with, and the point
of the present investigation is not to find ways of countering moral hazard, but rather to
see whether there is a natural measure of the amount of moral hazard activity connected
with a given treatment, which might be incorporated in the cost-effectiveness analysis of
this treatment as a particular inefficiency cost.

We look at a somewhat simplified world, where QALY measurement is universally
available and valid, so that even patients assess their health gain from any treatment in
termsof QALY. Thisisclearly not arealistic assumption, but, given the almost unanimous
acceptance of QALY measurement in the profession today, not an unusual one. Patientsare
not identical, and their treatment needs differ, but the healthcare system has asits objective
to provide as much health gain to the population as possible, an objective which in our
simplified world means that it aims at maximizing the total QALY gain of the population.
A situation where total health needs are met in such away is efficient, and without explicit
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mentioning this seems to be the generally shared objective of contemporary heathcare
systems.

Due to the presence of moral hazard, the healthcare system faces an information
problem. Telling thetruthisnot necessarily intheinterest of the patient (if some overdoing
of the subjective symptoms can result in a preferred or cheaper treatment), and with
biased information, the efficiency is endangered. In practice, what most concerns the
decision makers seem to be the additional cost to the system which is caused by possible
mi srepresentation, but from an overall point of view the main problem isthat naive methods
of collecting information may fail.

This is a typical problem of mechanism design, and indeed our setup is such that
we may apply some of the important results from the theory of mechanism design to our
problem. We show that the information problem can indeed be done away with if we
are willing to include side payments, either from the healthcare organization or from the
patients.

2. Themodel; assessing the cost of efficiency in treatment

We consider a community with /V individuals, interpreted as potential patients. We
assume that patients health states belong to a set H, the structure of which will be
specified later, except for the detail that it contains a distinguished element denoted h and
interpreted as “full health”. A health profileisanarray h = (h',..., h"V) specifying the
health state of each individual. The community has a healthcare organization which may
provide treatments ¢ € T to individuals; we assume that also 7" contains a distinguished
element O interpreted as “no treatment”. A treatment plan is an element of 7V, where for
t=(t',...,t") € TV, theith coordinate specifies the treatment of individual i. The
gain in terms of health-related quality of life obtained by individual i in health state i
obtaining treatment ¢ is denoted Q* (¢, h). Weassumethat Q(t, ho) = 0 for any treatment
t: treatment has no effect on patients in perfect health. An example of a utility indicator
of thisform isthe QALY gain from treatment ¢ at health state h.

Assume that the healthcare provider has limited capacity, so that the treatment plan
must belong to a given subset B of TV. In the traditional approach to cost-effectiveness
analysis, the set B isall the alternative possibilities of treating the population for different
illnesses that can be financed with the budget which is available to the decision maker
who represents the healthcare system. If treatments are provided under the criterion of
bringing maximal benefit to as many individuals as possible, an optimal treatment plan
t(h) given thetype profile h is one which gives highest aggregate utility to the population,
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that is satisfies v
t(h) € argmaxn _ vyep ) Q' hY). (1)
i=1
Inthe casewhere QALY measuresgive afaithful picture of health-related quality of life, so
that each individual has utility function Q(¢, k), the above method of choosing treatment
plan is the utilitarian decision rule (society’s choice maximizes the sum of the individual
utilities).

Asargued in the preceding section, systems of healthcare provision are susceptibleto
moral hazard, in the sense that patients might want a treatment which increases personal
satisfaction but does not represent the best possible way of utilizing limited resources. In
the context of our model, it means that individuals will select their messages concerning
health state in such a way that the resulting treatment plan is as good as possible for
themselves. Thishasthe unfortunate side-effect of distorting the decision which no longer
necessarily represents the optimal treatment plan given the true health profile h.

Since moral hazard in our present setup takes the form of misrepresentation of types
h' by patients, it seems reasonable to consider methods for obtaining truthful revelation.
The most obvious candidate here is the Vickrey-Clarke-Groves (VCG) mechanism, in
which the statements of type give rise not only to an allocation (namely the treatment plan
given by (1)) but also to a system of (user) payments from each of the individuals. For
the VCG mechanism to work properly, we shall assume that the utility of each individual,
depending on type (health), treatment, and money outlays, is quasi-linear, taking the form

u(ti, hi,pi) — Q(ti, hl) _pi‘

The VCG mechanism then consists of the alocation part as specified in (1), using the type
statements (not necessarily truthful) of the individuals, and the payment part, whereby
individual 7 pays

p'(h) =) Q@ (ho,h ™)), W) = > Q# (h), W) + ¢'(h ™), (2)

J#i J#i

¢" being an arbitrary function depending only on thetypesstated by theindividual sdifferent
fromi. Sincethefunctions ¢* are not otherwise specified, thereis awhole family of VCG
mechanisms available.

We may now exploit the classical following results from the theory of mechanism
design:

ProrosiTION 1. (@) Inthe mechanism specified by (1) and (2), it is a weakly dominant
strategy for each individual  to state the true health state.

(b) If the set H of health states is a convex subset of R for some d, then any

mechanism such that truth is a weakly dominant strategy for each individual is a VCG
mechanism.



Part (a) of Proposition 1 was established by Clarke (1971), Groves (1973), and part
(b) is due to Green and Laffont (1977) and Holmstrom (1979). Proof of the proposition
can be found in many texts, e.g. in Milgrom (2004), so we omit it here.

It may be instructive to consider the payment formula somewhat closer, choosing
the simplest version with the functions ¢* being identically 0, the so-called pivot VCG
mechanism. In this case, what is demanded from i as user payment is the difference
between the aggregate health gain to be obtained by the othersif individual i has no need
of treatment whatsoever, and the health gains obtainable for the others if also individual
7 must be treated. Using a terminology which is well-known among health economists,
we have that i must cover the opportunity cost of her own treatment, measured in health
gains. It should be noticed that this opportunity cost, measured as the health gain that all
other patients lose when a given patient is treated, will typically be smaller than the full
cost of treatment.

It seems reasonable to measure the cost of efficiency, at least in the context of a
particular chosen mechanism for attaining it, as the sum of the payments by individuals.
We shall use the terminology society’s efficiency cost for this measure. Assuming that
patients reporting the state hy corresponding to full health and who will not change the
treatment profile ¢t by their presence, will pay 0, this efficiency cost (considered on a per
potential patient basis) will be

Cooe (B, ) = Q(# (ho,h™"),h7) = >~ Q(E/ (h), h7).
J#i J#i
Taking expectation over the distribution of health states of theremaining individuals, given
the health state A? of individual i, we get the expected payment of i in health state 1,

CSOC<hi) =E [csoc(hi, ﬁ—i)]; (3)
Finally, taking expectation over health states of patients with h? # h we get
Csoc =E [Csoc(hi)|hi 7é h()]

as an assessment of the per patient cost of achieving efficient allocation of treatments. It
should be emphasized that this cost is not related to treatment of patients (as the direct
costs) nor to patients' functioning in production or consumption (as indirect cost). They
are purely theoretical in the sense that these costs would have been incurred if patient
treatment was to be efficient, which in practice it is not. Thus, these are virtual costs of
misallocation, the cost that would be incurred if misallocation was to be set right. We
shall returnin alater section to adiscussion of this somewhat exotic type of cost and their
possible role in cost-effectiveness analysis.



What may rightly be objected at thispoint isthat inthe approach to efficient all ocation,
we have insisted on a particular mechanism, or rather, in view of Proposition 1(b), on a
particular solution concept, namely equilibrium in (weakly) dominant strategies, meaning
that truthful reporting is as good as any other report no matter what the other individuals
report, and better in some cases. We might settle down with a mechanism which achieves
efficient allocation of treatment using alessdemanding equilibrium concept, and thismight
change our assessment of the efficiency cost. We shall see in the next section that thisis
not the case.

3. Independence of the assessment

The reliance on a particular mechanism, namely the VCG mechanism, for achieving
efficient treatment, might seem aweakness of the approach, so we should consider possible
aternatives. Also, the particular property of the VCG mechanism that truthtelling is
weakly dominant may conceivably lead to higher than necessary user payments. We
therefore consider an arbitrary mechanisms M = (S, 7, 7), where S is an abstract space
of messages, 7 : SN — T an outcome map which assigns atreatment plan to each array
of messages, and = : SV — R" a payment function specifying the payment for each
individual given the messages sent by all individuals.

A Bayesian equilibriumisafamily of strategies, which are health-dependent messages
(0%);en, Where each o : H — S assigns a message to each health state, such that for
each i and h?, o(h*) maximizes

U5 (0')ien) = EIQUr(a" (W), (07 (W))0), ') = (" (), (0 (1)),

the expectation being taken with respect to the conditional distribution of A~% given h?,
over al messages s € S. Thus, in a Bayesian equilibrium, each individual chooses her
message in such away that average gain, taking both allocation and payment into account,
is as great as possible; here the average is taken over all the health configurations of the
remaining individuals, using the prior knowledge of its overal distribution. Clearly, a
strategy may be best against average behaviour of the others without being best against
any single configuration of the remaining individuals. On the other hand, if a strategy is
weakly dominant, being best in any configuration, then it is also best on the average and
therefore a Bayesian equilibrium.

For the following result, we need to specify the nature of the set H of possible health
states of each individual, which we assume to be the unit interval [0, 1]. Thus, we assume
that health can be assessed on a one-dimensional scale; however, we need not assume any
properties of this scale for our results, so that our assumption is much less restrictive that

6



assuming e.g. QALY measurement of health states (as distinct from QALY measurement
of health improvement from treatment in any given health state, which we have assumed
above).

ProrosITION 2. Let M be a mechanism, and let o be a Bayesian equilibrium such
that 7(o(h)) € t(h) for each h € HY. Assumethat H = [0, 1] with hy = 0, and that the
expected payment of a healthy individual E [7(c%(ho), (67 (h7)) ;)] isO. Then

E[m(o"(h), (07 (7)) )] = €soc(h')

for each i, where c,,.(h?) is defined in (3).

ProoOF: Let i be arbitrary, and assume that the profile of health states h is given. Using
Myerson’s lemma (see e.g. Milgrom (2004), p.74) and writing

)

w*(h) = (o’ ("), (o7 (7)) j24),
7 (h) = 7(o" (1), (07 (7)) 24),

U*(ho) = maXs:U (ho; (67, (67)2:)),

o
o

we have that the expected payment of individual ¢ has the form
E [ (h)|h' = h] = — U*(ho) + E[Q(r*(h)|h* = h]

_/h (Z Prob{r*(h) = t'|h" = s}Qé(tﬁs>> ds.

tieT
For h! = hy, the expression reduces to
E[7*(h)|h' = ho] = —U*(ho) + E[Q(v*(R)|1" = hy).

Here, theterm U*(h() depends on the mechanism, but the second term on the right-hand
side depends only on the allocation rule, and since 7*(h) € t(h) for dl h, we have that
E[Q(7*(h)|h? = ho] = 0. We then obtain that

U*(ho) = —E[x*(h)|h’ = ho] = 0

since expected payment in health state hq is 0 by our assumptions. It follows now that
expected payment in any health state depends only on the allocation rule, and since thisis
the same as in the VCG mechanism, we get the resullt. O



4. A smplified assessment formula

In the previous sections, we have devel oped atheoretical measure of the cost of less-
than-optimal use of the system for healthcare provision. It remainsto connect this measure
to information which is available when carrying out the cost-effectiveness analysis, which
in most cases means before the drug has went into use, so that no empirical data on
prescription practice is available. Also, practical usefulness implies that the information
needed should relate to the treatment considered rather than, as has been the case above,
to the healthcare system as awhole and the totality of its treatments.

Aswe shall show in thissection, if we arewilling to accept some further simplifying
assumptions, then there is a rather simple way of assessing the moral hazard cost of a
treatment. First of all, we shall make an assumption of separability of treatments:

AssumpTION Al. Thereisafamily A of interventions such that
(i) T=]l,caTa and
(i) Q(t,h) =3 ,caQ(ta,h),€achh € Handt = (to)aca,
(iii) B = NueaB, for given subsets B, of (T,,)".

What is assumed here is that treatments which can be given to patients are fully
described by a (finite) menu of interventions; thisfirst part of the assumption is therefore
not particularly restrictive. The second part of our assumption states that the total utility
gain of atreatment isthe simple sum of the utility gains of the interventions of which the
treatment consists; this assumption isimplicit in the traditional QALY approach to effect
measurement.

For ease of notation, we identify the treatment ¢, in the intervention o with the
treatment ¢ = (0,...,0,%4,0,...,0) writing Q(t., ) for the utility gain obtained in
health state i by receiving only treatment ¢, from intervention o and nothing else.

Thefinal part of Assumption 1 statesthat the set of feasible treatments can be seen as
consisting of feasible sets pertaining to each intervention. Once again thisisaseparability
assumption which is useful for assessment purposes but does not quite correspond to
reality, in particular if B isinterpreted as a set of treatments which can be carried through
with a given budget. Here we reason as if the budget had already been split into separate
budgets for each intervention, which may work if the treatment plan is already known to
be overall welfare maximizing, but not in general.

The main advantage of our last assumptions is that they allow us to consider the
efficiency problem for each intervention separately rather than for the system of healthcare
provision as awhole. This property is formulated below as alemma.

LeEMMA 1. Under A1, atreatment plan (¢, .., #Y) isoptimal given the profile of health
states h if and only if for each o € A, the intervention profile (£%, ..., #Y) maximizes
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SV L Q(t hi) on By,

PRrROOF: Let h bearbitrary. Itistrivial that if £ with £ = ()¢ for each i satisfies (1),
thent, = (t.,...,tY) satisfies

N
ioz = argmax(ta,...,tg)eBa ZQ(tivhi)' (4)

Suppose conversely that (4) issatisfied for each o € A. Then for any treatment plan ¢ we
have SN Q(ti, 1) < ST Q(f, h') for al a, and by (ii) of Assumption 1, we get
that

N N N
SSar -3 Y at, <203 QUi =3 QU ),
=1 i=1 a€A i=1 a€A =1
showing that ¢ satisfies (1). O

Using the result of Lemma 1, we may proceed towards the assessment of the cost
of moral hazard concentrating upon the intervention and neglecting repercussions on the
health system in general. Even so, the informational requirements of a cost computation
are beyond what can be met in practice, and we shall smplify further, assuming that the
treatment possibilities with the intervention considered reduce to a question of whether or
not to treat, and that there are well-defined health levels above which this treatment are
worthwhile for the patient and for the system, respectively.

ProrosiTION 3. AssumeAl, letindividual health h beelementsof R, and let o € A be
an intervention with 7, = {0, 1}. Assumethat (¢, -) is nonincreasing for each t € T,
and that the health states of the individuals are independent with distribution function F
admitting a continuous density, and that the population islarge (/V going to co). Finally,
assumethat the set B,, of feasibletreatmentsissymmetricin N, sothat (¢!, ..., tV) € B,
impliesthat (t() ..., t*N)) € B, for each permutation o of N.

Then for each profile of health states h there is ¢ € ¢(h) and a threshold A (k) such
that

t' = 1ifandonlyif n* > h(h), (5)
e (h(h))
F(h(h -
Csoc = W@(lah(h), (6)

where h* = inf{h | Q(1,h) > 0} isthelower limit of the health states for which treatment
matters.



The statement of the proposition looks somewhat abstract, but the result is easily
interpreted: For each given profile of health states there is a threshold such that in the
optimal treatment profile, individual s should be given treatment if and only if their health
fallsbelow thisthreshold (recall that for technical reasonswemeasurehealth asnonnegative
real numbers with 0 as perfect health). Moreover, the social 1oss due to moral hazard can
be evaluated as expected gain of treatment to an individual who isjust below the treatment
threshold.

PROOF OF PROPOSITION 3: Lettheprofileof health states h begiven, andlet £ (h) bethe
set of optimal treatment profiles at h. By Lemma 1, any intervention profile (£, ..., )
with i € #(h) maximizes S , Q(t! , h) on B,,. Assume now that there are individuals
i; and iy with A < A’ but such that £* = 1, £%2 = 0. Then the treatment profile
obtained from (t%,...,tY) by permuting i, and i, is feasible by symmetry of B,,, and
since Q(t, -) is nonincreasing, we may assume that the optimal intervention profile has
t'r =0, £’z = 1. Consequently, the set of health states h such that ¢/, = 1 for some i with
h' = h may be taken to be an interval [h*, o0). This proves (5) and thereby the first part
of the proposition.

For the second part, we begin by evaluating the individual payment in the VCG
mechanism of individual i in health state h?, given that the true health state has been
reported by everyone. If £/, = 1, then withdrawing individual i will mean that a patient
with health state just above the threshold & will get treatment instead of i, resulting in
a utility gain of Q(1, k), which would be the payment extracted from i in the VCG
mechanism. If individual 7 is not treated, then eliminating 7 has no effect on the utility of
the others, and the payment is zero.

By our assumption of large population and independence of health distribution,
we may assume that the treatment threshold is non-random, and since the payment
Csoc(R?, h~%) depends on h~* only through h, we obtain C,,. by taking expectations
over ht, giving the desired formula (6). O

The simplification obtained in Proposition 3 is substantial. Instead of assessing

payment formulain abstract mechanisms, we need only look for
(i) thetreatment threshold,
(i) the proportion of relevant patients whose health state is below this threshold, so
that they are entitled to treatment, and

(iii) the utility gain from treatment at the threshold.
These quantities can usualy be assessed easily from available information, at least as
approximations. Clearly, the threshold as defined above presupposes a maximization of
total utility gainsfrom treatment, whereas observabl e threshol ds are determined by clinical
considerations; approximating theoretical concepts by real-life quantities determined in
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adifferent way is however a practice which is widespread in cost-effectiveness analysis.
Theremaining quantitiesarein most casesfound already in standard practice and therefore
easily accessible.

As can be seen from (6), the cost of moral hazard, as expressed by C,.., isaproduct
of two factors, thefirst being the relative frequency of patients susceptible to moral hazard
which are actually treated, and the other one being the utility gain from treatment at the
limit. It should be noticed that by our assumption of quasi-linearity, this utility gain is
measured in money units, so that Q(1, h) represents the money equivalent of the QALY
gain which an individua in health state h derives from treatment. There is no standard
way of assigning money equivalentsto QALY gains, but a commonly used method takes
as its point of departure the rules-of-thumb guiding the healthcare organizations when
adopting new interventions and treatments, according to which =& 30,000 is the limiting
value of obtaining a QALY; identifying marginal valuation by price, this can be taken as
an approximation of the money equivalent of a QALY.

For the evaluation of thefirst factor in (6), thefrequency of treated individualsrelative
to all individuals who may indulge in moral hazard, this frequency should reflect the
importance of moral hazard for the intervention considered. If, for example, the extent to
which patients may misrepresent true state of health isrestricted to aninterval A, then the
quantity in the numerator reducesto F'(h + A) — F'(h), giving a correspondingly lower
social cost of moral hazard.

5. An application: General versusindividual reimbursement for drugs

In the preceding sections, we have developed a method for assessing the cost of
preventing moral hazard by voluntary means. The cost as found above expresses the total
paymentsto be extracted from the relevant patients (treated or not) in the cheapest possible
arrangement by which the welfare optimum is achieved when individuals choose what is
best for themselves given the rules of this arrangement. The question arises as to whether
this purely theoretical construction can shed light on practical matters; the purpose of this
section isto argue that indeed it can.

The obvious way in which to use the look at the relative importance of mora hazard
in any given case is to compare the cost of moral hazard as found above with the surplus
cost of treating patients which should not have been treated in the welfare optimum. If
the latter is small compared to the first one, then moral hazard is a minor problem —
doing away with it would cost much more than accepting the welfare loss caused by it —
whereas moral hazard becomes increasingly burdensome when the cost of over-treatment
gets larger compared to the cost of preventing moral hazard.
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Taking advantage of the results obtained in the previous section, we can get an
approximate numerical assessment of these quantities in cases where the available data
shed light on the distribution of benefits from treatment in the patient population.

ProprosiTION 4. Letthecost § of anintervention be given, and let G be the probability
distribution of the cost-effectivenessratio of theintervention. If ¢* denotesthethreshold for
cost-effectivenessratios of socially acceptabl e interventions, then the cost of over-treating
patientsis

Mo =6(1—-G(qY)),

whereas the cost of preventing moral hazard is

both measured per capita of potential patients, so that the relative importance of moral

hazard is

Mp  G(q) I )

ProOOF: Theexpressionfor My isasimple consequence of thedefinition, sincel —G(g*)
is the fraction of patients for which treatment is socially suboptimal, but which are
nevertheless treated due to moral hazard. For Mp, we use properties of the VCG
mechanism: In optimum, the payment of truth-telling patients who are not treated is
zero, since optimum remains unchanged if they are removed from the decision making;
for patients treated, the payment is the difference between total satisfaction of the others
when this patient isabsent, and the actual total satisfaction of the others, and sinceremoval
of apatient treated means that a previous untreated patient gets treatment, the satisfaction
of this patient must be at the threshold level of the cost-effectiveness ratio, meaning that
payment of atreated patient isd/q*. This gives usthe expression for M p as stated in the
proposition. O

It should be noticed that the quantity ¢* which occursintheexpressionsof Proposition
4 is a constant which does not depend on the intervention considered. Therefore, we may
usethefirst factor on theright hand sidein (5) asameasure of relative importance of moral

hazard,
_1-G(q")

PN (g
Comparing the values of p), among different interventions we may then identify those
for which moral hazard is a problem (high values of p;,;) and consider whether some
additional arrangements, not necessarily voluntary, may be in order to reduce the impact
of moral hazard.
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It so happensthat the probability distribution G usedin Proposition4isoftenavailable,
at least approximately, as a result of the cost-effectiveness analysis of the intervention,
namely in the form of the so-called cost-effectivity acceptability curve introduced by van
Hout et al. (1994). Below we present an example of such a case.

The example considered is based on the work by Keiding et a. (2006), performing
a cost-effectiveness analysis of losartan versus atenolol for treatment of patients with
hypertension, based on patient data collected in the LIFE study (see Dahlof et a., 2002).
The basic results of the analysis was a cost-effectiveness ratio of DKK 19,668 per QALY
when changing from atenolol to losartan if only direct cost is taken into consideration
(analysis performed from the point of view of the healthcare organization) and DKK
72,564 per QALY gained if all costs are included (society’s point of view).

Sincethe LIFE study included avery large number of patients, it waspossibleto carry
out extensive statistical analysis, including in particular construction of cost-effectiveness
acceptability curves, shownin Figure 1. Taking theinformal rule-of-thumb for acceptable
interventions, namely DKK 300,000 per QALY gained, we have that the probability of a
patient with an effect of treatment which is below this threshold is 0.95 (all costs taken
into account). From this we get a measure of relative importance of moral hazard of

_ 005
~0.95
Roughly speaking, disregarding a constant which does not depend on the intervention

pur = 0.0526.
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considered, the cost to society of accepting overconsumption is only about 5% of the
cost incurred if the socially optimal level of treatment was to be achieved by voluntary
decisions. In other words, accepting the moral hazard seems to be rather unimportant in
the case considered.

It should be mentioned that the computationsare based on several simplifications, both
regarding themodel (quasi-linear utilities, independence of treatments, selfish preferences
etc.) andtheapproximationsused. In particular, theinterpretation of the cost-effectiveness
acceptability curve asaprobability density function of individual cost-effectivenessratios
isnot quiteexact, cf. Fenwick, O’ Brien and Briggs (2004). However, evenwithitsinherent
shortcomings the method outlined presents a possibility for assessing the importance of
moral hazardineachindividual case, supplementingthegeneral impressionswhichhitherto
has been the basis for decision making.

6. Conclusion

In the present paper, we have devel oped a method for measuring the impact of moral
hazard in situations where a given intervention may be demanded by patients who are
not considered to benefit from this intervention to a sufficient extent to justify the cost of
treatment to society. Sincethe phenomenonto bemeasured hastheform of adeviationfrom
an abstract (and typically not realized) social optimum, the measurement must necessarily
take a somewhat roundabout approach.

The approach chosen exploits some basic properties of mechanism design, starting
withtheclassical Vickrey-Clarke-Groves mechanism, which, if implemented, would result
in socially optimal decisions (under the— unfortunately rather restrictive — assumptions of
guasi-linear utility). The cost to the individuals of implementing the mechanism can be
seen as a cost of doing away with moral hazard, and this interpretation is reinforced by
the classical result from mechanism theory stating that any mechanism which achievesthe
social optimumin Bayesianequilibriumwill givethe sameexpected cost to the participants.
Withthisnotion of expected cost of moral hazard we can now assessthe burden to society of
this phenomenon; it turns out that in cases usually treated in cost-effectiveness studies, the
equilibrium paymentsof theV CG mechanism can be assessed, at |east up toamultiplicative
constant, using data which are often available from the clinical trial. This will make it
possible to compare interventions with regard to their vulnerability from moral hazard.

Needless to say, the approach is quite crude and many refinements are possible.
Also, the method should be considered from an axiomatic point of view, listing desirable
properties of any measure of the extent of moral hazard and characterizing this particular
one by some such properties. Thiswill be a matter of future research.
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