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Abstract

A QALY |quality{adjusted life year| is an output measure used

in economic evaluations of health care programs. The QALY approach

assumes that a QALY has equal social value to everybody irrespective

of the patient's age. However, it is possible that the general public

assigns di�erent social values to a QALY according to who gets it,

derived from intergenerational equity judgements. In this paper we

discuss the possibility of weighting health bene�ts by age in the QALY

approach. In addition, we display the results of an experiment whose

objective is to derive the age weights. The results of the experiment

performed suggest that the patient's age is a relevant factor when the

health gains are assessed. Moreover age weights are not constant, but

they vary depending on gains considered.
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A quality{adjusted life year (QALY) is an output measure used in economic

evaluations of health care programs. An advantage of this measure is that

it incorporates the value of quality and quantity of life into a single index

number. Calculating the cost per QALY, it is possible to compare di�erent

health care programs in terms of e�ciency.

Some authors (Ubel, Loewenstein et al, 1996; Bleichrodt, 1996; Olsen, 1994;

Loomes and McKenzie, 1989; Wagsta�, 1991;. . .) claim that using this method-

ology to allocate social resources, provides some negative implications in

terms of equity. The QALY approach assumes that a QALY has equal social

value to everybody irrespective of the patient's age. However, it is possible

that the general public assigns di�erent social values to a QALY according

to who gets it, derived from intergenerational equity judgements.

The aim of this paper is to discuss the possibility of weighting health gains

by age in the aggregate QALY model. In the next section, we introduce

ethical arguments in favor of using age{based weights. In the third section,

the conditions under which it is possible to obtain a Social Welfare Function

(SWF) |under certainty| consistent with the aggregate QALY model, are

identi�ed. One of these conditions is relaxed so that age{based weights can

be introduced. In section four, we describe the design and the results of an

experiment whose objective is to obtain a concrete functional form for SWF.

This concrete form allows us to derive the age weights. Finally, section �ve

discusses results obtained.

Aggregation in the QALY model, incorporates an equity judgement that

some authors consider not only acceptable but desirable. Provided that one

QALY has the same value whoever receives it, there is no discrimination

amongst patients, beyond their capacity of improvement. But, is it a valid

equity criterion?, Are there some other criteria that better approach social

preferences? If this is the case, how can this criteria be introduced in QALY
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calculations?

Some authors have tried to answer these questions. Wagsta� (1991) reviews

four de�nitions of equity, none of them are taken into account in QALY

calculations, but they are frequently discussed in health economics literature.

He selects the equality of health de�nition as the only one with a capacity

of providing an adequate basis for determining an equitable allocation of

resources. Starting from here, he proposes an isoelastic SWF that allows the

introduction, not only of preferences for more equitable distributions, but

to establish di�erent weights for di�erent patients. However, he does not

provide any justi�cation for the existence of age weights nor make a proposal

for empirical estimation of this function and his weights.

Focusing on age weights, there are two main lines of thinking. One of them,

is based on e�ciency1 (World Bank, 1993; Murray and Lopez, 1994; Murray,

1996). The other one is based on equity (Williams, 1997). Age weights based

on e�ciency emphasize the relationship between patient age and his social

role. Children and, frequently, older patients, need physical and �nancial

support from the others. Middle-aged adults are those who support this

burden and therefore who contribute more to the social welfare. Based on

that, Murray (1994) suggests \unequal age{weights as an attempt to capture

di�erent social roles at di�erent ages".

According to Williams, age weights are derived from an equity argument

which \re
ects the feeling that everyone is entitled to some `normal' span

of health [in terms of both, quality and quantity of life](. . .). The implica-

tion is that anyone failing to achieve this has in some sense been cheated,

whilst anyone getting more than this is `living on borrowed time' ". With this

methodology, younger patients will have higher weights, because they have

completed a small portion of this normal span.

Each arguments has very di�erent implications. Based on Murray's reason-
a

1Although, there are many meanings of e�ciency, in this case we consider an allocation

is more e�cient when, at the same cost, it generates a higher social value. It must be

distinguished from the notion of e�ciency, which is implicit in the QALY model, where

an allocation is more e�cient when, at the same cost, a higher number of QALYs can be

obtained.
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ing, weights must be higher for middle{aged adults and decrease for younger

and older people. However, Williams' reasoning implies monotonic decreas-

ing weights with patient age.

On the other hand, some empirical studies have con�rmed that some surveyed

people take into account patient age when they are asked to evaluate social

health programs. However, these studies are too restrictive. Most of them,

do not obtain a quanti�able weight2 (Nord, Richardson et al, 1995), and

those that do, do not consider the possibility that weights depend on health

gains that are being evaluated (Nord, Richardson et al, 1996; Busschbach

and Hessing 1993).

The main contribution of our paper is that both the theoretical formulation

and survey design are su�ciently 
exible to allow the introduction of di�erent

age weights depending on health gains. Ex ante, there is no reason to think

that these weights are independent of health gains, as Murray's formulation,

as well as Williams's, implicitly suppose.

3.1 Previous remarks

Before formalising the aggregate QALY model, it might be useful to make

some clari�cations. As we said in the introduction, a QALY is a health

output measure. However, given that its theoretical foundations come from

Utility Theory (Torrance, 1976; PlisKin, Shepard et al, 1980; Torrance and

Feeny 1989; . . .), most of the literature takes it as a utility measure. Although

at an individual level, this di�erence is not relevant, at a social level it be-

comes important. If we consider a QALY as a health output measure, the

aggregation of individual QALYs to get the aggregate measure of output pro-

duced by a health care program is trivial. However, if a QALY is considered

a utility measure, we have the commonly known problem of interpersonal

comparisons of utilities.
a

2The surveyed people answer questions as: \to implement a health program, do you

think that younger people must be prioritised against older people, or that both groups

must be treated with the same priority?
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Starting from Sen (1970, 1977), Bleichrodt (1996) suggests that if we want

to incorporate equity considerations in the cost{utility analysis based on

QALYs, utility has to be considered as a cardinal measure and fully compa-

rable. Therefore, the �rst question we must worry about is to what extent

a QALY is a cardinal measure. Torrance (1986) identi�es di�erent meth-

ods to obtain QALYs that allow us to interpret them as cardinal measures

|standard game in an uncertain world and temporal exchange in a certain

world. To make interpersonal comparisons of utilities he proposes to assign

zero value to the death state and one value to the full health state, and

considers that the full health state has the same value for everybody.

Having de�ned a QALY as a cardinal measure and comparable between pa-

tients, we can identify the aggregation assumptions that are implicitly present

in the aggregate QALY model in a certain world. The decision of treating

the problem under certainty must be justi�ed, because modelling under un-

certainty is alternatively used by some authors.3 First, we want to emphasize

that, from a social point of view, uncertainty is a relative concept. Although

at an individual level, results from health care programs are uncertain, at

an aggregate level, results can be obtained with enough certainty if available

information about success probability is not too imperfect.

Second, when we analyze the process of social decision making, the choice of a

certain or an uncertain context is crucial because social preferences obtained

by experimental methods under each environment can be very di�erent. For

example, risk aversion has a great in
uence on choices under uncertainty

when these choices are modelled using the \veil of ignorance" approach.4

However, when the choice under study is about di�erent distributions of cer-

tain results, and this choice is made by an impartial observer which is not
a

3For instance, Bleichrodt (1996) identi�es aggregation assumptions under uncertainty,

using von Neumann-Morgenstern utility functions (von Neumann and Morgenstern, 1944)

to represent preferences and considering, therefore, that preferences verify the axioms of

Expected Utility Theory.
4Under this assumption, an agent must declare his preference amongst di�erent al-

ternatives, in our case health care programs, taking into account that he has the same

probability of being any particular individual in society (Harsanyi,1955). The advantage

of this assumption is that it allows us to obtain impartial preferences for di�erent social

alternatives.
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a�ected by his decision, equity considerations are commonly incorporated

into the analyses. This is the reason why, if the purpose is to study the

social choice among outcomes, it is more appropriate to leave aside the in
u-

ence of risk aversion, that a�ects the choices under uncertainty and, instead,

introduce the equity judgements that are present in society.

3.2 Aggregate QALY Model

The output of a health care program can be de�ned as a distribution of

health gains, measured in QALYs, that are provided to a population. We

assume a population of n patients and denote by T 2 <n
+ the set of possible

results from di�erent health care programs. An element of T is de�ned by an

n�1 vector, � = (t1; . . . ; tn), where ti 2 <+, i = 1; . . .n refers to the number

of life{years in full health5 that are received from a health care program by

patient i.

Suppose that we de�ne a preference relation for patient i over T , by �i,

with �i meaning \at least as preferred as." If � �i � 0 and � 0 �i � , then

� is indi�erent to � 0, � �i �
0. If the relation �i is complete, re
exive and

transitive, (Debreu, 1954), it can be represented by means of a (individual)

value function, vi(� ); so that the expression � �i �
0 is equivalent to vi(� ) �

vi(�
0). Furthermore it is supposed that the relation is individualistic in the

sense that preferences of patient i over the set T depend only on the individual

outcome that he receives from each coordinate of � , vi(� ) = vi(ti), and that

vi(ti) is strictly increasing, that is, the patient always prefers more life{years

in a healthy state.

The aggregate QALY model, assumes the following value function to repre-

sent social preferences about a health care program,

U (� ) =
nX

i=1

u(ti); (1)

a

5In the QALY approach, the health gain can be measured as the number of quality{

adjusted years. If the necessary assumptions to obtain QALYs are veri�ed, working with

QALYs is equivalent to working with life-years in full health. Hereafter, we will work

with health gains measured in number of life-years in full health. This will simplify the

experiment that we will perform in section 4.
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where u(ti) is the social value function associated with individual result, ti;
derived from a health care program.

Next we will derive under what conditions social preferences can be repre-

sented by this value function, in an certain world. To do this we consider a

social planner (SP) and we consider that this SP is benevolent |he looks for

social welfare| and impartial |he is indi�erent to the identity of patients

a�ected by his decisions. We consider that the SP's preferences will be a

good approximation of society's preferences and, therefore, starting from the

SP's preferences, we will obtain a Social Welfare Function (SWF).

To declare his preferences about di�erent health care programs, the SP takes

into account the individual welfare provided by each program. We want to get

the preference relationship, �, of the SP over elements in the set T , starting

from the vector whose elements are the individual value functions de�ned

on T . That is, we need to obtain a preference relationship over v(� ), where

v(� ) = (v1 (t1) ; . . . ; vn (tn)). The preference relationship of the SP over the

set v(� ) is complete, re
exive and transitive and then, it can be represented

by a (social) value function |SWF| that we denote by V (v(� )). Our

assumptions imply that v(� ) � v(� 0) is equivalent to V (v(� )) � V (v(� 0)).

In addition, SP's preferences depend positively on individual preferences.

That is, if � �i �
0 for some patient i, and � �i �

0 for the rest of patients,

then � � � 0 for the SP. Previous considerations are formalised as follows:

Assumption 1 The SP's value function is strictly increasing in vi(ti) and

therefore in ti.

To obtain the additive function of the aggregate QALY model, we need to

make an assumption of independence. Suppose that we divide the coordi-

nates of vector v(� ) = (v1 (t1) ; . . . ; vn (tn)) into two subvectors (vij;
a

vij), where

vij = (vi (ti) ; vj (tj)) and
a

vij is its complement.

De�nition 1 The vector vij is preferentially independent of its complement
a

vij, if and only if the preferences over vij, given
a

v0

ij , don't depend on
a

v0

ij, for every
a

v0

ij . That is,

�
v0

ij;
a

v0

ij

�
�
�
v00

ij;
a

v0

ij

�
)
�
v0

ij;
a

vij

�
�
�
v00

ij;
a

vij

�
; all

a

vij; v
0

ij; v
00

ij:
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It seems suitable to consider that the SP's preferences over two di�erent

distributions of health, that are di�erent only in the health provision of two

patients, depend only on preferences of the SP over the preferences of those

two patients. Formally stated,

Assumption 2 The vector vij is preferentially independent of its comple-

ment
a

vij for all i 6= j and n � 3.

These assumptions allow us to postulate an additive value function for the

SP using the following theorem:

Theorem 1 (Debreu, 1960; Gorman 1968). SP value function, V , is ad-

ditive,

V (v (� )) =
nX

i=1

v�

i (vi(ti)) ;

if and only if the SP preference relationship veri�es assumptions 1 and

2.

Where v�

i is a positive monotonic transformation de�ned over vi, and

re
ects the interpersonal comparisons of utilities made by the SP.

It must be taken into account that in the QALY model de�ned in equation

(1), v�

i (vi (ti)) is common to all patients. Therefore, it is necessary to make

an additional assumption to obtain a complete characterisation of QALYs.

To do that, we introduce the concept of permutation.

Let � = (t1; . . . ; tn), be a distribution of health. We de�ne a permutation

of � , and denote it by �, as an exchange of individual values in the set of

patients, f1; . . . ; ng. Then, �� =
�
t�(1); . . . ; t�(n)

�
is a permutation, where

t�(i) is the permuted value of patient i; i = 1; . . . ; n.

Assumption 3. Anonymity. � � �� for all health distribution � and for all

permutation �.

This assumption says that, if a distribution of health gains is a permutation

of a given health gains distribution, the SP must be indi�erent to both. For

instance, given two patients, i and j; the SP is indi�erent to distribution

(a; b) and (b; a), where the �rst element refers to the life{years in full health

received by i and the second to those received by j.
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Condition 1 Given that v�

i (vi (ti)) is increasing in ti and ti � 0, then ti = 0

is the number of health gains least preferred by both, individually and

by the SP. Therefore, we will consider that the social value of ti = 0 is

the same and equal to zero, v�

i (vi (0)) = 0 for all i.

Proposition 1 Under assumptions 1, 2 and 3, and condition 1, we have

that, v�

i (vi (ti)) = v�

j (vj (tj)), for all i; j and ti = tj.

A proof can be found the appendix A.

This proposition guarantees that a given health gain will have the same social

value independently of who receives it. Moreover, it allows us to characterise

the social value function used in the aggregate QALY model under certainty,

and previously de�ned in equation (1).

V (v (� )) � U (� ) =
nX

i=1

u(ti) whereu (ti) = v�

i (vi (ti)) alli

Starting from this characterisation, we are going to introduce some modi�-

cations that allow us to take into account the in
uence of patient age in SP

preferences. The following subsection is devoted to this purpose.

3.3 Weighted QALY Model

Suppose that the SP's preferences |and, therefore, the SWF|, depend,

not only on individual preferences, but on patient age, also. Under this

assumption, we want to get the SP preference relation, �, de�ned on the set

(E; V (T )). One element on this set (E; V (T )), that we denote as (�; v(� )),

can be obtained starting from an element v(� ) = (v1(t1); . . . ; vn(tn)) through

((e1; v1(t1)) ; . . . ; (en; vn(tn))) ; where � = (e1; . . . ; en) 2 <
n
+ is the ages vector.

Given that the SP preference relation over (E; V (T )) is complete, re
ex-

ive and transitive, it can be represented by means of a value function that

we denote by W (�; v(� )) such that, (�; v(� )) � (�0; v(� 0)) is equivalent to

W (�; v(� )) �W (�0; v(� 0)).

We maintain assumptions 1 and 2, but with slight modi�cations. Let us de-

note these assumptions as assumption 10 and assumption 20. Now, assump-

tion 10 states that W is strictly increasing in vi(ti), given �. Assumption 20
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states that the SP's preferences between two health distributions that are

di�erent only in health gains received by two patients, depend only on in-

dividual preferences of both patients and on interpersonal comparisons of

utility, based on ages, made by the SP. That is, assumption 2 is maintained

but now taking into account that vij = ((ei; vi(ti)) ; (ej; vj(tj))).

Under these assumptions, Theorem 1 is veri�ed and allows us to obtain the

following additive value function associated to the SP:

W (�; v (� )) =
nX

i=1

wi (ei; vi(ti)) ;

where wi is a positive monotonic transformation of vi and re
ects the SP's

interpersonal comparisons of utility but taking into account patient age.

Now, we adopt the additional assumption that a given increase in health

level, has the same value for patients of the same age. Formally, given any

distribution of health gain, � = (t1; . . . ; tn), let � denote a permutation of

individual values of any patients of the same age in the set f1; . . . ; ng ; then,

Assumption 4. Conditioned anonymity. � � �� for any distribution � and

any permutation �.

This weakens the anonymity assumption that is implicitly present in the

aggregate QALY model, de�ned in equation (1). Now, an increment can

have a di�erent value depending on patient ages.

Condition 10 Given an age, e0, that we call \reference" age, t = 0 is the

health gain least preferred by the SP, as well as by each patient. We

consider that the SP's valuation of zero gain by patients of reference

age, is zero. That is, wi (e0; vi (0)) = 0 for all i such that ei = e0:

Proposition 2 Under assumption 10, assumption 4 and condition 10, wi (ei; vi (ti)) =

wj (ej; vj (tj)) � w (t�), for all ei = ej � e0 and ti = tj � t�:

The proof is identical to the proof of proposition 1, given that the only

di�erence is that in proposition 2 we introduce a constant, e0.
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Given that the value function is the same for patients of the same age, it

is possible to reduce the dimensionality of our problem, transforming incre-

ments of health received by patients of di�erent ages into increments of health

in reference age.

Let us �x as a reference age the age of patient h, e0 = eh, and suppose

that, for either (ei; vi(ti)), there exists a value, t�(i), that makes the SP in-

di�erent to allocations (ei; vi(ti)) and
�
e0; vh(t

�

(i))
�
. Then wi (ei; vi(ti)) =

wh

�
e0; vh(t

�

(i))
�
� w

�
t�(i)

�
.

Therefore, starting from the aggregate QALY model, we have obtained the

following model, which we call weighted QALY model,

W (�; v (� )) =
nX

i=1

wi (ei; vi(ti)) =
nX

i=1

w(t�(i)); (2)

where t�(i) = g(ei; ti; e0).

With this framework, a distribution of health gains amongst patients of di�er-

ent ages can be expressed as a distribution of health gains amongst patients

of the same age.

The weighted QALY model, de�ned in equation (2), generalises the aggre-

gate QALY model in the sense that the latter can be obtained as a particular

case of the former when age weights are equal to everybody. That is to say,

g(ei; ti; e0) = ti. Note that we do not impose any functional form to the

function g (�). This allows the weights assigned to each age to vary, as a

function of health gains. Although this is a nice property of our model, it

brings a di�culty when we try to implement it empirically: we have in�nite

combinations of age and health increments. One possible solution is to se-

lect a �nite |and small| number of combinations, that we consider more

representative ex ante; to obtain the value of t� for each one; to look for a

functional form that �ts the observed values reasonably well and, �nally, to

use this functional form to extrapolate the values of any other combination.

This is the procedure we use in the experiment we are going to show in the

next section.
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4.1 Design

To analyze if patient age is a relevant variable in the social valuation of

health care programs, we did an experiment with 61 undergraduate students

|21 of Economics, 20 of Political Science and 20 of Law. The experiment

consisted of three meetings with participants, each meeting on a di�erent

day. During the �rst meeting the objective of the experiment was explained

to the participants. Then, they answered a pilot questionnaire to familiarise

themselves with the type of questions that they would have to answer in the

following meetings.

The second meeting was organised in di�erent sessions, each one with �ve

participants. We showed each participant a list with eleven di�erent health

care programs. Each program consisted of a di�erent pair (e; t), where e

is the patient age, and t is the health gain, measured in healthy live{years,

provided to this patient. For each program, each participant had to decide the

increment of years, t�, that would make him indi�erent between the proposed

program (e; t) and the program (20; t�), where e = 20 is the reference age.

This is known as the matching technique.

In the pilot questionnaire we detected that the participants had some di�-

culties to choose on an speci�c number t�, so we decided to use the \balance

mechanism". It consists of approaching the value through successive ques-

tions where it is always necessary to choose between two allocations |see

appendix B.6

The construction of a list of health care programs for evaluation was not

easy. Some empirical studies have detected a trade{o� between the number

of programs to be evaluated and participants' degree of concentration. To

avoid this problem we selected four ages that we considered representative

of di�erent periods of human life: 1, 20, 40 and 60 years old; and four

health gains |measured as healthy life{years|: 2, 10, 20 and 40 years.

Given that the age of 20 years was used as a reference age and the pair
a

6Sometimes the balance mechanism doesn't allow to get an exact value for t
� but an

interval. In this case we take the intermediate value of that interval.
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(e; t) = (60; 40) is unrealistic, we have the following eleven allocations |

health care programs| for evaluation: (1; 40), (1; 20), (1; 10), (1; 2), (40; 40),

(40; 20), (40; 10), (40; 2) ; (60; 20), (60; 10), (60; 2). The �rst element refers

to the patient age and the second refers to health gain given to this patient.

After applying the balance mechanism to all programs on the list, we provided

each participant with �fteen cards that they had to rank from more to less

preferred. Each card contains each one of the programs evaluated previously.

Note that now there are four more cards than programs in the previous list.

These four additional cards correspond to programs that provide the selected

health gains to 20-year-old patients. In addition, each participant is asked

to justify his ranking with a short written explanation.

Two weeks later, we organised a third meeting. The purpose now was to

repeat some of the tasks of the previous meeting. We divided the participants

into three groups of 20 people in each one |one of the previous participants

did not come. Each group matched four of the eleven programs |a program

was evaluated by two groups| and ranked �ve of �fteen possible cards.

4.2 Method of analysis

First, from 61 valuations of participants obtained with the matching tech-

nique, we calculate the average value for each one of eleven combinations of

age and health gains. We verify if average valuations are signi�cantly di�er-

ent across di�erent combinations. We specially look at health care programs

that give the same gain to patients of di�erent ages, because these gains

should have the same value if participants do not take into account age and,

therefore, if the assumptions of the QALY model, de�ned in equation (1),

were veri�ed.

Once we have obtained the average valuation for each one of the chosen

combinations, we want to get a function that allows us to recover the values

of those combinations that are not evaluated directly. Given that we do

not want to impose any assumption on the function, we estimate di�erent

functional forms using Ordinary Least Squares until we �nd that one that

best �ts the data.
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Some authors (Streiner and Norman, 1991), argue that in an experiment of

this nature it is important to check if our technique is measuring what we

want |validity|, and if the results are consistent across time| temporal

reliability. To verify the validity of our method, we have some di�culties.

Obviously, we do not know what the preferences are and, therefore, we cannot

verify if we are measuring them correctly. However, we can approximate the

validity test checking if a di�erent method gives similar results. For this

reason we utilise, in addition to the matching technique, the direct ordering

technique. It is true that the ordering technique does not allow us to obtain

cardinal values, but it probably re
ects a fairly accurate approximation of

preferences. This possibility makes it interesting to compare these orderings

to those obtained with the matching technique at an individual level |

correlation among the answers of a same participant| as well as at a social

level |correlation among the two aggregate orderings assessed. Anyway,

comparing both techniques we will be able to analyze the consistency across

methods.

Spearman rank correlation coe�cient (SCC) is applied to evaluate the cor-

relation between both orderings at an individual level. Then, we calculate

the average SCC of all participants. To analyze the correlation at a social

level, we apply SCC, as well as Kendall rank correlation coe�cient (KCC).7

But, previous to these calculations, we need to aggregate individual prefer-

ences obtained using both techniques. Given that direct ordering only gives

information about order, we use the Borda rule to this end. However, to

calculate the social ordering starting from individual matching, we use two

methods. The �rst, which we call Borda{matching, transforms the individual

answers |that are cardinal| into ordinal measures (ranking) that are then

aggregated using the Borda rule. The second, which we call direct{matching,

directly adds up the t� values given by participants to each combination. It

must be taken into account that the degree of coincidence of social rating

from direct ordering and each one of social ratings from matching gives us

di�erent information. If we adopt Borda{matching, we have a measure of

the consistency across methods, and/or the lack of precision in the people
a

7SCC and KCC are non{parametric techniques which are applicable to ordinal date.
Their values lie between -1 and 1, higher value indicating stronger positive association
between the ranks.
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preferences, because both answers should be the same.8 Moreover, as we

previously mentioned, it can be considered as a good approximation to test

validity. However, if we aggregate using direct{matching, we are measuring,

in addition, preference intensity. Even in the hypothetical case that all sur-

veyed people give the same ordering using matching and direct ordering, only

with the �rst technique can we guarantee identical social orderings.

Finally, we study temporal reliability (retest) for each one of the participants.

To do that, we analyze the degree of coincidence between initial answers and

those obtained two weeks after, with each one of the two techniques. To

calculate the correlation between initial and �nal direct ordering, we com-

pute SCC between the ranking of �ve combinations from the retest and the

ranking that the same cards had in the initial survey. To calculate the corre-

lation between initial and �nal values, we obtain Pearson linear correlation

coe�cient (PCC) among �ve values from the retest and the values that the

same combinations had in the initial survey.9

4.3 Results

Table 1 shows average values, from 61 participants, for each combination of

patient age and healthy life{years gain obtained using the matching tech-

nique. It should be noted that the right column indicates the additional

life-years number that an individual 20 years old should receive such that

the mean participant is indi�erent to this treatment and the left column

treatment. Once we have the average valuation, and before making some

comments about results, we must carry out some contrasts to know if these

valuations are signi�cantly di�erent from one another. In order to do this, a

mean di�erence contrast is made, excepting when we compare the value of

any gain for ages other than twenty, with the value of any gain assigned to
a

8The lack of precision of preferences is extremely relevant when individual preferences
are analysed (Dolan, 1997; Fischho�, 1991). People cannot be expected to have articu-
lated opinions on more than a small set of issues |of which the subject of this experiment
is unlike to be one| with which they are very familiar. Therefore, some of the inconsis-
tencies that individuals produce can appear because they are formatting |and probably
changing| their preferences as they are �lling out the questionnaire.

9PCC is a parametric technique which is applicable to cardinal date. His value lie
between -1 and 1, higher value indicating stronger positive association between the ranks.
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20{year{old patients. In this case we use a mean contrast.

Table 1: Social value of health gains based on age1
a

a Age (e), Health gain(t) (t��Student)Socialvalue(t�) a
a

a 20,40 40 a
a 1,40 33.4 a
a ( -3.19) a
a 40,40 29.1 a
a ( -6.55) a
a 20,20 20 a
a 40,20 18.6 a
a ( -1.03) a
a 1,20 13.2 a
a ( -5.55) a
a 60,20 10.9 a
a ( -10.58) a
a 40,10 10.1 a
a ( 0.20) a
a 20,10 10 a
a 60,10 6.3 a
a ( -8.23) a
a 1,10 5.4 a
a ( -7.45) a
a 20,2 2 a
a 40,2 1.9 a
a ( -0.41) a
a 60,2 1.4 a
a ( -2.93) a
a 1,2 0.9 a
a ( -8.41) aa
a (1)All variables are measured in years a
a

Table 1 only shows t{Student statistic that allows us to contrast if the average

value of t� is signi�cantly di�erent from t (mean contrast), that is to say, it

only analyses treatments which are directly compared. As can be seen, all

values of t�, but three, are di�erent at 95% con�dence level. Therefore,

although the average value is di�erent, the hypothesis that gains of 2, 10 and
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20 years are equal when 20{year{old and 40{year{old patients are compared

is not rejected. Although we do not show it, the rest of contrasts have

displayed that the only pair of combinations whose averages are di�erent at

95% con�dence level, are (60; 20) and (40; 10).

With regard to results, table 1 shows that the valuation of the four gains con-

sidered is strongly conditioned by patient's age. Moreover, the age in
uence

varies with the gain we are considering. When the gain is of 40 life{years,

20{year{old patients and 1{year{old patients are ranked above 40{year{old

patients. However, for smaller gains, 20{year{old patients and 40{year{old

patients are ranked �rst. It must be emphasised that children go down in

ranking as the number of life{years provided decreases. This can be more

clearly observed if we calculate age{based relative weights, assigned to each

gain, starting from average valuations of table 1. To do this, we assign an

arbitrary weight and equal one to any gains received by 20{year{old patients

|reference age.

Figure 1 shows weights received by di�erent gains are similar when middle{

aged and young patients are considered, except if the gain is of 40 years. On

the contrary, the weight assigned to children starts being very small, and

also considerably smaller than those assigned to 60{year{old patients, but it

increases very fast as the gain is increased. Weights assigned to 60{year{old

patients decrease very quickly as the gain is increased.

We have obtained the weights that surveyed people give to four di�erent

gains taking into account four possible patient ages. But, what can we say

for other possible combinations? How can we know, for instance, if a gain

of 15 years of life for a 50{year{old patient is more valued than a gain of

8 yeas of life for a 30{year{old patient? To answer these questions, we es-

timated di�erent functional forms using Ordinary Least Squares, starting

from individual results obtained with matching. Although we are aware that

the information obtained in the survey is limited, the purpose is to look for

a function that �ts well with the preferences of the people surveyed in the

sample. In terms of the weighted QALY model, we want to approximate the

function g (�).

We choose a quadratic function without constant because it �ts better our

data. The estimated equation is the following,
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10 20 30 40
health gain (years)

reference age=20 years

* age=40 years

+ age=60 years

o age=1 year

0.45

0.95

0.7

0.54

1,01

0.63

0.66

0.93

0.55

0.84

0.73

Figure 1: Weights of health gains based on age
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ĝ(e; t; e
0
) = 0:263 � e+ 0:684 � t� 0:004 � e2 + 0:004 � t2 � 0:003 � e � t

(7:42) (12:9) (�7:46) (3:22) (�3:6)

R2 = 0:72

where e is the patient age, t is the health gain, and ĝ(e; t; e
0
) is the estimated

valuation for each combination (e; t).

We use this function to obtain the valuation of all combinations not directly

evaluated in the survey. For example, we can say that a health gain of 15

years in a 50{year{old patient is preferred to a gain of 8 years in a 30{year{old

patient.

Starting from partial derivatives of ĝ (�),

ĝ0

e (�) = �ĝ(�)=�e = 0:263 � 0:008 � e� 0:003 � t

ĝ0

t(�) = �ĝ(�)=�t = 0:684 + 0:008 � t� 0:003 � e;

it is possible to analyse to what extent the health program valuation depends

on both variables, the patient age and the life{years gain. On one hand,

given t, the fact that ĝ0

e (�) can be di�erent from zero, shows that changes

in patient age can a�ect the program assessment. Therefore the age is a

relevant variable. Besides, this variation is not constant, being even possible

to have di�erent sign, depending on values of t and e. On the other hand,

given e, ĝ0

t (�) is positive for all feasible ages and life{years gain. As it was

expected a life{years gain always increases the utility, no matter what the

age is.

Now we study the validity of the results. As we have seen, the analysis

of consistency across methods can be a good approximation to a validity

study. Table 2 presents the social ordering, from more to less preferred,

obtained using direct ordering (DO), direct{matching (DM) and Borda{

matching (BM).
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Table 2: Ranking of health care programs1

(from more to less pre�ered)
a

a Age (e), Gain(t) a
a

a DM BM DO a
a 20,40 20,40 20,40 a
a 1,40 1,40 40,40 a
a 40,40 40,40 1,40 a
a 20,20 20,20 20,20 a
a 40,20 40,20 40,20 a
a 1,20 1,20 20,10 a
a 60,20 20,10 1,20 a
a 40,10 60,20 40,10 a
a 20,10 40,10 60,20 a
a 60,10 60,10 60,10 a
a 1,10 1,10 1,10 a
a 20,2 20,2 20,2 a
a 40,2 40,2 40,2 a
a 60,2 60,2 60,2 a
a 1,2 1,2 1,2 a
a

a (1)All variables are measured in years a
a CCK=0.92(MD vs OD); 0.94(MB vs OD) a
a CCS=0.94(MD vs OD); 0.99(MB vs OD) a
a CCS individual (average)=0.79 a
a

As we have mentioned to analyze consistency across methods it is necessary

to compare results from DO with results from BM. It can be seen that results

from both methods present a higher correlation. Therefore, we can say that

both techniques provide similar orderings and this gives a high level of con-

�dence in the results. Furthermore, on the other hand, DO and DM provide

a high correlation also. This means that, even if we incorporate preference

intensity into the analysis, we get very similar social orderings.

Finally, we analyze the reliability of the results studying temporal consis-

tency. For each participant we calculate SCC between initial and �nal direct

ordering (retest), and PCC between initial and �nal values obtained with

matching technique. We obtain an average SCC value of 0:89 and an average
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PCC value of 0:93. This shows a high stability of preferences through time

and supports the reliability of the results.

In this paper, we have shown that the aggregate QALYmodel under certainty,

commonly used in empirical studies, can be derived from some customary

assumptions in social choice literature. It was also shown that replacing the

assumption of anonymity by conditional anonymity, enables the possibility

that health gains can be weighted by age. One of the advantages of the

proposed methodology is its 
exibility and its easy empirical implementation.

By comparing health gain at any age with health gain at a reference age,

we can obtain relative based{age weights, that can be used in economic

evaluation of health care.

The results of the experiment reported in this paper show that the respon-

dents consider that the patients age is a relevant factor when they have to

assess health gains. Moreover age weights are not constant, but they vary

depending on gains considered. For example, whereas the relative weight of

infants rises with health gain, the weight of old people decreases. This result

leads us to reject the QALY model, de�ned in equation (1), as a good repre-

sentation of the preferences sampled. On the contrary, the weighted QALY

model |equation (2)| gives us a better �tting of this preferences.

From relative weights obtained it is interesting to examine which age weight

argument |e�ciency or equity| provides a better description of respon-

dents' preferences. In principle, middle{aged patients have a high weight, in-

dependent of the health gains. This supports the social e�ciency argument.

However, the span that the weight of infants follows, provides additional

information. So, as the gain is increased, his weights increase |it is even

possible that infants would have the highest weight, for gains greater than

40 life{years. It seems to reveal a reinterpretation of the equity criteria: The

lower the age of a person relative to the average life expectancy, the higher its

weight, provided that with the treatment the person reaches a \reasonable"

age.

The interviews carried out have the advantage that they allow us to get at
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the same time qualitative and quantitative information. So, asking partic-

ipants to write a brief explanation of their answers helped to understand

results. When gains considered are small, most of the participants assign

high weights to middle{aged patients and small weights to children, mainly

due to two reasons: �rst, because it is likely that middle aged patients have

family responsibilities and, second, because a small health gain to a infant is

not enough to achieve some targets contained in what we call \establishing

one's own personality" |psychological maturity, becoming an independent

person, establishing a home, pro�ting from acquired knowledge . . . However,

as health gain is increased, the justi�cation for answers are diverse. On one

hand, some people justify their valuations based on equity reasons and, there-

fore, they assign priority to children and young patients. On the other hand,

some other surveyed people give more importance to social e�ciency so they

give less weight to children. Since both criteria go in the opposite direction,

the average weight given to children is high when a big gain is considered,

but is not the highest. However, as we mentioned, as the gain considered

increases, participants give a higher relative weight to children and a smaller

one to middle{aged adults. That is, the equity argument becomes more

important than the social e�ciency argument.

Finally, we would like to project the analysis of validity and reliability. We

have seen that using an alternative technique similar results are obtained.

This supports the validity of the proposed technique. Moreover, reliability is

also supported because when we partially repeated the experiment two weeks

later, the results are scarcely modi�ed.

To evaluate the results, limitations of our sample must be taken into account

|age and number of participants among others things. However, in spite of

this, we have covered the initial purpose of this paper and established a good

starting point for future work.
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Let v�

i [vi (t)] be denoted as ui (t) for all i. Let h and p denote any two

patients and th, tp; the health gains received by each one from a health

care program. Then, from assumptions 1, 2 and 3, we have,

uh (th) + up (tp) +
a

uhp = uh (tp) + up (th) +
a

uhp foranyth;tp

where,
a

uhp =
nP

i=1

ui(ti)� uh (th)� up (tp) :

Given that [uh � up] (th) = [uh � up] (tp), then, [uh � up] (t) = k for all

t. Where k is a constant.

From condition 1, [uh � up] (0) = 0: Starting from the last two equali-

ties we obtain uh (t) = up (t), all t.

Part of the questionnaire we used can be found below. One of the eleven

patient age and health gain combinations that the participants have assessed

through the balance mechanism is included as an example.

In this section we will always show 2 treatments: A and B. The treatments are

di�erent from each other in the increase of healthy life{years that are provided to

the patient, and in the patient age who receive gains. You must say whether you

prefer treatment A, treatment B, or you are indi�erent to both. Depending on

your choice the questionnaire continues in the following way:

{ If you choose an option where you �nd the word \stop", circle the word and go

on to the next table (in which treatment A has been varied).

{ If you choose an option where you �nd the word \continue", go on to the next

line.

By way of simpli�cation we will use the following notation:

Patient age= \Age"

Healthy life{year increases for the patient = \Years"

I prefer treatment A = \Pref. A"

I am indi�erent to A and B = \Same"

I prefer treatment B = \Pref. B"

The treatments are the following:
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aa

a Treatment A a a Treatment B aaa

Age Years Age Years Pref. A Same Pref. B
aaaaa

40 20 20 5 continue stop stop

40 20 20 40 stop stop continue

40 20 20 10 continue stop stop

40 20 20 30 stop stop continue

40 20 20 15 continue stop stop

40 20 20 35 stop stop continue

40 20 20 20 stop stop stop
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