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Abstract: When hedth effects can be vaued in monetary terms, asin CBA, they should be
discounted at the same rate as costs. If hedth effects are measured in quantities (eg
QALYY9), asin CEA, and the value of hedth effects isincreasing over time, then discounting
the volume of hedlth effects at alower rate than costs is a vaid method of taking account of
the increase in the future vaue of hedth effects. We present individudigic and welfare
models to argue that the rate of growth of the vaue of hedth effects g, is pogtive. The
welfare modd suggests that g, is aweighted average of the rate of growth of the vaue of the
direct effect of hedth on utility, the growth rate of income, and the growth rate of income
times the dadticity of the margind utility of income. We adso show tha the Keder-Cretin
paradox, often used as an argument againgt discounting hedlth effects a a lower rate than
cogts, has no relevance for the choice of discount rate in CEA.
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1 Introduction

There is an ongoing methodologica debate about the gppropriate way to take account of
future hedth effects in evauations. The mgority view, most recently and comprehensvely
expounded in Lipscomb, Weingtein and Torrence (1995), is that benefits and costs should
be discounted at the same rate. The view dominates the recommendations on discounting by
government agencies, regulatory bodies, learned journas and leading health economics texts
(Smith and Gravelle, 2000). A smaller body of literature favours a lower rate for hedth
effects than for cogts. The mogt influentid example is Parsonage and Neuburger (1992),
written by two UK government economists and later reflected in the UK Department of
Hedth recommendations for evaduation of hedth affecting interventions (Department of
Hedlth, 1996).

We suggest in this paper thet a least some of the differences between the two schools of
thought arise from different implicit assumptions about the decison context. We show in
section 2 that cost benefit anadlyss (CBA) of interventions affecting hedth requires
procedures which directly or indirectly are equivdent to discounting the value of future
hedlth effects at the same rate as costs (Cropper and Portney, 1990; Cropper and Sussman,
1990; Jones-Lee and Loomes, 1995). In cost effectiveness andyss (CEA), where hedth
effects are measured in volume rather than vaue terms, one vaid method of alowing for
growth in the vaue of future hedth effects is to discount the volume of future hedth effects
ar, =r.- g, Wherer. isthe discount rate applied to costs and g, the rate of growth of the
vaue of a unit of hedth. An equivadent procedure in CEA isto adjust the volume of hedth
effectsby g, and to discount at the same rate as costs. Thus, providing the context is
correctly specified and account properly taken of the changing vaue of hedth, the two views
can be reconciled.  Unfortunately, the preponderance of officid and semi-officid
recommendations for CEA isto use the same discount rate for costs and benefits and not to
adjugt the volume of hedlth effectsto dlow for the growth in their value (Smith and Gravelle,
2000).

One barrier to reconciliation of the two views on discounting is the paradox set out in Keeler
and Cretin (1983). They show that under CEA certain types of worthwhile projects will be
indefinitely postponed unless the same discount rate is used for costs and hedth effects.
Previous responses to the Keder-Cretin paradox have argued that such projects are very
peculiar and never occur in practice or that the paradox does not arise if constraints on
funding in any period are recognised (Parsonage and Neuburger, 1992; van Hout, 1998).
But the discounting procedure used in assessing projects should give the correct answer
irrespective of the project. The Keder-Cretin paradox pointsto alogica problem with using
different discount rates for costs and hedth effects in CEA and cannot be dismissed on
empirica or practica grounds. We demondtrate in section 3 that the Keeler-Cretin paradox
reveds a fundamenta difficulty with CEA, though not with CBA. It does not arise because
of the use of different discount rates for costs and hedlth effects. The paradox is Smply
irrelevant to the choice of discount rate for health effects.



The crucid issue is whether the value of hedlth effects is constant over time. A number of
authors (Parsonage and Neuburger, 1992; Viscud, 1995; van Hout, 1998; Brouwer, van
Hout and Rutten, 2000) have suggested that the value of hedth grows over time and that as
a consequence the discount rate on hedlth effects should be less than the discount rate on
costs. Lipscomb, Weingein and Torrence (1995) are the most influentia proponents of the
magority view that cogts and hedth effects should be discounted at the same rate in CEA.
They recognise the posshility that the vaue of hedth may be increasing over time and its
implications for discounting hedth effects. But they conclude that “the case for such global
adjustments in CEA conducted from a societd perspective has yet to be fully made, in our
judgement.” (Lipscomb, Weingtein and Torrence, 1995, page 234.) Their reluctance to
accept the implications of a pogtive growth rate in the vaue of hedth may in part be due to
the absence in the literature to date of arguments based on explicit models with conventiona
assumptions.

Accordingly, we set out in section 4 two smple modds to underpin the more informa
arguments which suggest that the vaue of hedth grows over time. The fird is based on a
behaviourd modd of individud choice of hedth affecting activities. The second uses the
socid wefare framework familiar from discussions of the choice of the socid discount rate
(Layard and Glaigter, 1994, Introduction). The framework has been used to argue that the
discount rate to be gpplied to future income changesshouldbe r. = r + ge wherer isthe
rate of discount gpplied to future utility, g isthe growth rate in income and e is the dadticity
of the margind utility of income.

We extend the sociad welfare framework to incorporate hedth which is vaued in its own
right and which may affect income. We show that the rate of growth of the vaue of hedth
(9,) is aweighted average of the rate of growth of the direct utility effect of hedth ), the
rate of growth of income g, and the rate of growth of income times the dadticity of margind
utility of income (ge). The weights depend on the extent to which the income loss from ill
hedth is borne by the individud or is covered by insurance.

If hedlth has no effect on income and the utility effect of hedth is congant over time, the
vaue of future hedth effects in terms of future income grows & the rate a which a the
margind utility of income fdls over time g, = ge As a consequence the only reason for
discounting future heelth effects would be that future utility is intringcaly less vaugble. The
discount rate on hedth effects () would be the rate a which future utility is discounted:
,=r.- g, =r <re Inanother specia case, when hedlth affects income but had no direct

utility effect, gy isequd to the growth rate in income g and the discount rate on hedlth effects
isr,=r +(e-Dg<r,.

Typicdly it is suggested (Arrow, 1995) that r is about 1%, e around 2 and g is 2% to
2.5%, yielding discount rates on codts of 5% to 6%. The discount rate on hedth effects in
the two specid cases is about 1% when hedlth has no effect on income and about 3% to
3.5% when it only affects income. Allowing for such differences between discount rates on
hedlth and costs can have marked implications for rankings of interventions (Parsonage and
Neuburger, 1992) and it is important that the correct discounting procedures be used. But
the overwheming maority of published CEAs of hedth care interventions use the same



discount rate for hedth and costs (Smith and Gravelle, 2000). We hope that the arguments
in the current paper will help to convince evauators of the need to take account of the
implications of the growth in the vaue of hedth for their choice of discount rate.

2 Discounting for decision making: two equivalent
procedures

Decisons about interventions with consequences for time streams of costs (reductions in
income) and hedlth requires a st of judgements about the relative vaues of hedth and
income at different dates. Consider atwo period example of an intervention which changes
present and future costs by Dc, and Dc; and the quantities of present and future hedlth by
Dhy and Dh;. We can summarise value judgements or socia preferences over income and
hedth sreams in a socid welfare function W(y,,h,, y,,h) where y;, h; are income and

hedth in period t (JonesLee and Loomes, 1995). The wefare function embodies
judgements which determine the rate a which we are willing to sacrifice one good (hedlth or
income a some date) for another.

The margind socid vauation of hedth in period t in terms of period t income is the rate at
which we are willing to give up period t income in exchange for period t hedth. It is the
(negetive of) the socia margina rate subgtitution between income and hedlth in period t:
v o) Wht
t
Wyt
where W, =W/ 9h, is the margind socid wefare from an increase in hedth in period t

and W,, is the margind socid welfare from income in period t. Smilarly for the margina

@

vaue of future incomein terms of current income
L o W @)
1+r, W,

and the margind vaue of future hedlth in terms of current hedth
1 W,

0]

1+ r.h WhO
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The vaue judgements embodied in W define the socid rate of discount on income or costs
in terms of the willingness to sacrifice current income for future income and the socid rate of
discount on hedlth ry, in terms of the willingness to sacrifice current hedth for future hedlth. In
generd, the margind socid welfare from changes in hedth or income in any period depend
on both income and hedlth in that period and possibly on income and hedlth in other periods.
Until we specify both the form of the wdfare function and the leves of hedth and income we
do not know whether r. is grester or lessthan r,.*

Figure 1 isilludrates these definitions. Although there are four margind vauations in the two
period case (V,,V,,(1+r.)*, (1+r1,)-") they are not independent: once three of them are
specified the other is determined. Consstency requires that the margind vaue of one good
(hedth or income) in terms of ancther is the same whatever the route by which they are
compared.



2.1 Cost benefit analysis

To decide whether an intervention is worthwhile the margind socid vauations are used to
convert al the consequences into equivaent amounts of a common unit of account (income
or hedth a some date). Conventiondly the unit of account is income in the present period.
Dc,, Dhy and Dh; must be converted into equivaent changesin Dc, which are summed to
give the present vaue of the intervention.

Such cost benefit analysis (CBA) is not the prevdent form of evauaion in hedth
economics because of the difficulty in valuing hedth effects However it isindructive to Sart
with an outline of discounting in CBA because it has an explicit welfare theoretic foundetion.

The present value of the intervention can be derived in two equivdent ways. The direct
procedure values hedth effects in each period in terms of income of that period and then
discounts the future vaue a the rate of interest on income r.. The present vadue of the
intervention under the direct procedure is

+,Dhy, - DG ———- Dg (@

1
v,D -
N @)
The indirect method of caculating the present vaue of the intervention differs from the direct
procedure in its treatment of Dh;. It converts the change in future hedth into an equivadent
change in current health and then gpplies the vaue of current hedth in terms of current
income. The present vaue of the intervention with the indirect procedure is

1 1
VODhl (1+rh) +V0m0 - [xl (1+rc) - DCO (5)

Since the two procedures are equivaent (4) and (5) must be equal, so that

A A 1+r, v,

0
= or —
1+r, 1+r, 1+r, v

(6)

The discount rates on hedlth and costs are the same (r,, = 1) only if the vaue of hedth in a
period in terms of income in that period is the same in both periods (v, = vg). If the vaue
placed on health grows over time (vo < v; ) then there must be a lower discount rate on
hedlth effects than on income or costs (', < r¢) and vice versa. Defining gy = (V1 - Vo)/Vo as
the growth rate of the vaue of hedlth, (6) can be rearranged to get

1+
= (L) - 15—t (Ler,) - 1= T
1

v,(1+0,) 1rg, %O )

Some of the disagreements over discounting of hedlth effects may arise from afailure to spell
out



whether one is referring to discounting of the value of hedth effects (v,Dh;) in a future
period in terms of the income of that period or to the quantity of future hedth effects
(Dhy)

what is being assumed about the rate of growth of the value of hedlth effects (g,).

When the vaue of hedth effects is discounted the rate of discount for income r. should be
used. If the volume of hedth effects is discounted the rate of discount for hedth effects ry, is
correct. The discount rate on the quantity of hedth effects is less than the discount rate on
costs (ry < r) if the growth rate in the vadue of hedth is positive (g, > 0).

The two procedures require exactly the same information and judgements about the margina
vauations of future cost and hedlth effects in terms of present income. The first procedure,
vauing heeth in a period in terms of the income of that period and then gpplying the discount
rate gppropricte for incomes is perhgos more intuitive. It is dso in line with the
recommendations of Feldstein (1972). Feldgein suggested that when an intervention has
complicated consequences because of its knock on effects on future investment, al the
effects of an intervention be expressed in terms of consumption changes which are then
discounted at the rate of discount gppropriate for consumption.

2.2 Discounting in CEA

In cost effectiveness andyss (CEA) the investigator is limited to quantifying the hedth effects
and does not place a monetary vaue on them. The am is derive an incremental cost
effectiveness ratio (ICER) for the intervention, defined as the discounted present value of
incremental codts divided by the discounted sum of incrementa hedlth effects.

When projects are mutualy exclusive and questions of the scale or divishility of projects can
be ignored, interventions with lower ICERs are preferred to those with higher ICERs.
Interventions should be undertaken when their ICER is less than some criticd vauel :

De(L+r) ' +Dg )
Dhy (1+1,7)" +Dh,

The crucid issue, over which most of the debate in the hedth economics literature on
discounting of hedth effects has focused, is the discount rater,” to be applied to hedlth

effectsin CEA to caculate the ICER.

The CEA criterion is used when there is insufficient information on the vaue of hedth effects
to conduct a CBA. It seems reasonable to require that the CEA criterion would yidd the
same decisions as CBA if there was information on the value of hedlth effects? CBA would
accept projects whose discounted present vaue, given by (4) or (5), is poditive. Rearranging
the ICER decision rule (8) the project is accepted under CEA if

| i iDh- Do,
(1+r7)

o e

- Dc,3 0 9)



Usng (6) and (4) or (5), the ICER criterion is equivaent to the CBA decison rule if and
only if

| =v, (10)

ry :ﬁ(1+ r.)-1=r »r -g, (11)
V.

1

Hence in cost effectiveness andysis health effects should be discounted at the rate r,’= ry, »

r.- gv. The same discount rate should be gpplied to hedth effectsin CEA asin the indirect
procedure under CBA.® We argue in section 4 thet the vaue of future hedth in terms of
future income grows over time (g, > 0), so that future hedth effects should be discounted at
a lower rate than codts if no adjusment is made to the volume of hedth effects to reflect
thelr growing vaue over time.

The dternative, direct, way to take account of the changing vaue of future hedth effectsin
CEA isto adjugt the quantity of effects. The “red” quantity of future hedth effects can be
defined as Dh, =q,Dh,, where ¢ is an adjusment factor to alow for the change in the

vaue of future effects. The CEA rule with the same discount rate applied to costs and to the
“red” quantity of health effectsisto accept the project if:

| 1

Dl +1 Dh, - -Dc,3 0 12
DR, 7= +1Dhy - DG = Do (12
which is equivdent to the CBA rule if
| =V, (13)
o, =(1+g,) (14)

The implications of growth in the vaue of hedth for CEA are recognised in the literature
(Lipscomb, Weingtein and Torrance, 1996; Parsonage and Neuburger, 1992; Viscud,
1995; van Hout, 1998) but have made no impact on CEA practice (Smith and Gravelle,
2000). Viscus (1995) and Parsonage and Neuburger (1992) suggest adjusting the discount
rate to dlow for the growth in the vaue of hedth effects. Lipscomb, Weingein and
Torrance (1995) favour direct adjustment of the volume of hedth effects. There are no
logica grounds for preferring one approach to the other. The direct adjustment has the
advantage of dedling with issue of the growth in the value of hedlth explicitly and separating it
from the issue of the rate of discount to be applied in CEA.

If the vdue of hedth is growing over time some method of dlowing for it in CEA must be
found. It is Smply incorrect to use the same discount rate for health and cost effects if the
vaue of hedth is growing. Unfortunatdy mos of the officia recommendations do not take
acocount of the possibility thet g, is postive and suggest that the same discount rate be used
for costs and hedlth effects (Smith and Gravelle, 2000).



2.4 Inter and intra-generational discounting

In discusson of whether hedth effects occurring a date t+1 should be given the same
weight as hedlth effects occurring at date t, it is important to be clear about whether one is
comparing the effects on individuas who will be aged a years a both dates (inter-
generationd effects) or individuaswho will be aged a a date t and a+ 1 at date t+1 (intra-
generationd effects). The vaue v, of the hedth effects of an intervention may depend on the
age of the individuds affected aswell as the date at which they occur.

A number of authors have suggested a method discounting future hedth effects which
disinguishes timing and generational aspects (Lipscomb, 1989; Cropper and Sussman,
1990). The effects on individuals aged a at date t are discounted back to the birth date of
the cohort at date t-a and then the discounted vaue at date t-a are discounted back to the
decison data O.

If the same discount rate is gpplied a both stages the procedure is equivaent to standard
goproaches. The procedure dlows the posshility of usng different discount rates in the two
stages. For example, we might be willing to respect individuas' intertemporal preferences as
regards changesin their hedlth or income and use discount rates derived from studies of their
behaviour to discount income and cost changes affecting them. But we may fed that they
undervaue the wefare of future generations in thair intertempora decisions (Sen, 1967) and
wish to use different interest rates when discounting their present vaues (at cohort birth
dates) back to the present date. The two stage procedure provides a neat method of
reconciling respect for individua preferences over decisions which affect them directly with a
socid concern for inter-generationa equity.

Recognition of the digtinction between inter and intra generationd discounting does not ater
the conclusions about the relationship between the discount rate for hedlth effects and costs.
Future hedth effects at date t accruing to individuas aged a should be taken into account by
vauing them in terms of the income of aged a individuals a date t and then discounted back
to date t-a at the rate used for income of aged a individuds a date t. The discount rate
applied to the wedlth of the cohort born at date a-t can then be gpplied to caculate the
present vaue of the hedth effects.

3 Keeler-Cretin paradox

Keder and Cretin (1983) make a much cited argument for discounting hedth effects and
costs at the same rate (r,’= r) in CEA. They condder the following timing problem. A
single period project can be undertaken once only. The costs Dc and hedth effects Dh are
the same whatever the period in which the project is undertaken. The decison problem isto
choose now the period in which the project will undertaken. If the project is undertaken in
period t the discounted present value of the cost is Dc/(1+r)"! and the discounted hedlth
effect isDh/(1+1,°)". The ICER for the project undertaken at date't is

Dc Dh _ Dea+r’o
@+r)/ @+r) Dhé&l+r g

(15)



which decreaseswith tif r,” <rc If r) <r. the ICER indicates that the project becomes

more worthwhile the longer it is ddlayed. With an infinite time horizon the CEA criterion will
lead to the project being deferred indefinitely even if it has a very favourable cost
effectiveness ratio (Dc/Dh) if undertaken in the present period.

Keder and Cretin (1983) argue that, because the decision maker is“paraysed” if 1, <rcin
such projects, it is correct to set r,’= rc in CEA. With r,’= r. the decison maker is
indifferent as to the timing of the project usng the ICER criterion and would be willing to
pick astart date at random.

We disagree: the reason why Keder-Cretin projects present difficulties under the CEA
criterion is that the CEA decison rule is inherently incomplete and cannot cope with issues
of the timing of decisons. The solution, suggested in Kedler and Cretin (1983), of using the
same discount rate on hedth and cost effects in CEA falls to address the underlying
problem, which is in the CEA rule, not the rate of discount. Keeler-Cretin projects do not
present a problem when the CBA decison rule is used and have no implications for the
choice of discount rate to be used in CEA.

Suppose that the Keder-Cretin project is worth doing in period O under the CBA rule: voDh
- Dc > 0. It is better under the CBA criterion to defer the project from period t to period t
+1if

Vv,,,Dh- Dc _ v,Dh- Dc

(1+ rc )t+l > (1+ rc)t (16)
which is equivaent, sncev; = vo(1+g,)', to

D, ° r.Dc- v,Dh(1+g,)(r.- 9,)>0 (17)

The behaviour of D; depends on the growth rate in the vaue of hedth effects. There are
three possble ranges of g, with different implications for how D; varies over time and
therefore for the optimd timing of the Keeler-Cretin project:

M O£ g, £ 9. For smdl enough growth rates D; is negetive for dl t: the project should
be done immediately in period 0." For example, if g, is zero D; = rdDc - voDhre < 0
or, equivaently, with vo=v; = v, (vDh - Dc)/(1+r_) <vDh- Dc

(i) g <g, <r,. For intermediate growth rates D; is pogtive for smdl t and then
becomes negative: the present value of the project at first increases with t and then
decreases. Hence it is optimd to delay the project but not indefinitely. For example if
Dc =100,Dh=70,v, =2, r. = 0.06, g, = 0.025, then the project should be
delayed until t = 8.



(i) r. £9,. When the growth rate of the vaue of hedth exceeds the discount rate on

costs D ispogtive for dl t: the present vaue of the project increases the longer it is
delayed.

In case (iii) where r, £ g, the decision maker would be “paralysed” under the CBA decison
rule since the present vaue of the project increases the later it is undertaken. Case (iii)
seems highly implausible since it implies that one should be willing to sacrifice an arbitrarily
large amount of current income to achieve a perpetua increase in hedth from date in the
future, no matter how distant and no matter how small the increase in hedlth.”

The CEA rule with the Keder-Cretin recommendation that the decison maker use a
discount rate on hedlth of r,’ = r leads to the decision maker being indifferent as to the Sart
date for Kedler-Cretin projects. Only by chance will she then choose the correct start date.

If the decision maker confronted with Keeler-Cretin projects uses a CEA rule but with 1’ =
'n = re¢- gyShe will be indifferent as to the start dete when g, = 0 since the discounted cost
effectiveness ratio will be constant with respect to the start date. The correct decison isto
undertake the project immediately. When g, > 0 she will be led to defer the decision
indefinitely which is incorrect except in the highly implausible case in which r, £ g,. Hence
the CEA rule will lead to decisons which are sub optima in the sense of not maximising the
discounted present value of the project.

Thus CEA leads to incorrect decisons with Keder-Cretin projects, irrespective of the
choice of discount rate. The Keder-Cretin paradox points to a difficulty with CEA for
certain rather unusual projects but is irrelevant for the debate about the appropriate rate of
discount for hedth effects and cogt effects® We conclude that, as far as the choice of
discount rates for health in CEA is concerned, this paradox is deceased.

4 |s the value of health constant over time?
The growth rate in the value of hedth effects g, is crucid for the choice of discount rate. We

outline two modds, one individudigtic and one societd, to argue that the vaue of hedth
grows over time.

4.1 Behavioural model

Individuas can dter their hedth, or their probability ditributions over hedth gates, through
consumption of hedth care, ther lifestyles (Burgess and Propper, 1998) and occupational
choices (Viscus and Moore, 1989; Moore and Viscud, 1990). We derive an expresson
for the vdue of hedth v; in terms of the individud’s preferences, hedth technology and
market prices and then consider how it changes over time.

41.1 Value of health

Since the literature has been summarised before (Johansson, 1995) we can be brief.
Congder a very smple example of an individud with income y who can buy hedth care x
which improves hedth h(x,s) (hx > 0). The same conclusons hold for any activity which



affects hedth and which may directly affect utility. The parameter s is a measure of the state
of medicd technology.

Utility is u(y - px,h(x,s), X) , where p is the price of hedth care. The first order condition
for optima consumption of hedth care is u,h, +u, = pu,. Dividing through by the
margind utility of income gives the margind willingness to pay for hedth as

X

P m

"Thxs h(x9 (18)

Since aunit increase in X increases hedth by h, (x,s), a unit increase in hedth permits a
reduction in consumption of x by 1/h, whilst kegping hedlth congtant. An additional amount
p/hy is freed to spend on other goods. There is Ao the effect of the reduction in x on utility.
m§ =-u, /u isthe margind willingness to pay for an additiona unit of x ignoring its effect
on hedth. If consuming hedlth care directly reduces utility then mj < 0 and the valuation of
hedlth in terms of current income is increased.

The price of the commodity p is observable but, even if the hedth care good had no direct
effect on utility (m{, = 0), the margind effect of x on health must be known to caculate v. If
the health care good <o directly affects utility, the potentialy observable p/hy will under or
over date the margind vaue of the hedlth change.

Pessmigtic conclusions about using market prices to reved the vaue individuas place on
their hedlth are unchanged even when we take account of insurance markets where they can
trade income when well againgt income when sick or capita markets where they can trade
income at one date for income at another (Gravelle, 2000).

4.1.2 Growth in value of health

Attempts to value hedlth by reveded or Sated preference techniques yield a wide range of
esimates. Such difficulties in measuring the value of hedth are one judtification for cost
effectiveness andyss. However, whilst CEA does not require that hedlth be valued, it does
require an estimate of the growth in the value hedth. Wide variations in the estimates of the
vaue of hedlth render estimates of its growth rate even more problematic.

Consder the expresson (18) for the vauation of hedth by an individud who consumes
hedlth care.” Suppose that hedth care has no direct effect on utility (mj =0) so that

v=p/h(xs).Eveninthissmplecasev will change over time for three reasons: changes

in the price of X, changes in amount of X consumed, and shifts in the hedth production
function due to technicad progressin hedth care. The optima amount of care consumed will
vary over time with the productivity of care, its price and income.

The growth rate in the value of hedlth, when m; = 0 can be written as
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Xq+eXg 0. &
g +eyg+esgsfsz eS gS (19)

where g, istherate of growth in health care price, g the rate of growth of income, gs isthe
rate of technical progress which shifts the hedlth production function, € is the eadticity of the

margind productivity of hedth care with respect to x, €*is the dadlicity of the margina
productivity of hedlth care with respect to the technology shift factor s, and €7, €], € are

eadicities of the consumption of hedth care with respect to its price, income and
technology. The rate of growth in the vaue of hedth depends on three factors. the growth
rate in the price of care, the rate of growth of hedth care consumption and its effect on the
margind productivity of care and the rate of technica progress and its effect on the margind
productivity of care.

The growth rate of the price of care is plausibly positive: g, > 0. The sign of the second
term in (19) is ambiguous. Although the margind productivity of hedth care is diminishing
(h, <0), the terms in the bracket in the second term are plausibly of different signs
consumption of care declines with its price, and increases with income. The effect of
technical progress on the demand for care is ambiguous since the increase in the margina
productivity of care tends to increase demand and the increase in hedth to reduce it. The
evidence suggests that the consumption of hedth care increases over time Blomgvig and
Carter, 1997), so that the second factor (increases in hedth care reducing its margina
productivity) tendsto increase the vaue of v = p/hy(X,s).

Because technical progressincreases hy(x,s), the third factor tends to reduce g, which could
be therefore be negative or positive. We need assumptions about the magnitudes of the
termsin (19) aswdl astheir Sgns.

A pogtive income dadticity of demand for hedth or hedth improving goods is neither
aufficient nor necessary for the vaue of hedth to increase over time. However, if only
income changes over time (19) reducesto

g, =-€'elg>0 (20)

s0 that the growth rate in the vaue of hedth depends on the rate of growth of income (g >
0), the income dadticity of demand for hedth care which, from the increasing shares of

income spent on hedlth as income increases is greater than unity (e§ >1), and the eadticity
of themargina productivity of hedth e < 0.

Edimating the growth rate in the vaue of hedth is dearly difficult, even in the Smple case we
examined here, but we believe that it islikely to be postive.

4.2 Welfare model

We can reach asmilar concluson using an entirely different gpproach in which we specify a
socid wdfare function and use it derive the vaue of changes in future hedth in terms of
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future income and hence to derive the growth rate of the value of hedth. The gpproach is
indructive because it is an extenson of awell known framework for discusson of the rate of
socid time preference for consumption or income when only income enters the socid
welfare function and there is no uncertainty (Layard and Glaister, 1994).°

Suppose that dl individuds live for one period, are identica except for the period in which
they live and there are an equa number of individuds in each period. The results are not
materidly different but are more complicated to derive when individuds live for more than
one period (Gravelle, 2000). The sociad wedfare function can be written in per capita terms
* ¥

W =3 b'EU, (21)

t=0

where the expected utility of the representative individud is

U, =pU (Vi) + (@- P)Ug (V) (22)
The pure discount factor on utility b = 1/(1 + r) dlows for the possibility that a change in
the utility of ageneration counts for less solely because it arises a alater date.

State f is the hedthy or fit date in that the individuad is better off in sate f other things
(income) being equd: ux(y) > ug(y). We can interpret p, as the probability of the hedth
date in a world where hedlth outcomes are independent or as the proportion of the
population who are hedthy. Endowed income when diseased is 'y, and when hedthy is
y, + ¢, where 7 is the effect of ill hedth on income. We assume thet endowed income in

both states grows at therate g.

To maintain comparability with the literature on the discount rate under certainty, assume
thet the utility functions have constant dadticity of margind utility

RS u. =f Ya© 29)
ht 1_ e t? dt 1_ e
where the dadticity of the margind utility of incomeis - e andif e>1 utility is bounded
above. When f = 1 the margind utility of income is not directly dependent on the Sate:

u¢(y) =ug(y), but thereisadirect utility loss of K; from being in the unhedthy sate. With

O0<f <1 magind utlity is smdler when ill than when hedthy and the case in which the
state d is death, rather than diseased could be dlowed for with f = 0.%°

We use the wdfare function to derive the discount rate on income (costs), the vaue of hedlth
in terms of income and the discount rate on hedth. We firg illustrate the procedure for a
gmple case in which there is insurance and the margind utility of income is not date
dependent, so that the optima insurance scheme is full cover againgt income losses from il

hedth. A planner who has access to an actuaridly fair insurance scheme in each period

chooses i, Vg to maximises W subject to the insurance pool breaking even in each period.*

The Lagrangean for the problem is

L :W+é. St[pt(yt +€t - yft) +(1' pt)(yt - ydt)] (24)
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Thefirg order conditions are
bpug(ye)- s =0 b'(l-p)ug(Ya)- s.@- p) =0 (29)
Given the assumption that the margind utility of income is state independent, the optimd
insurance scheme gives the insured an income in each ate equd to expected income:
Yi=Ya =Y =Y +PL, (26)
The socid vaue of additiond income y; is s, =b'Eu¢ = b'(y,)® where Eugis expected
margind utility in period t.

The marginad socid vaue of an additiond unit of period t+1 income in terms of period t
income (the income discount factor) is, using the envelope theorem on the Lagrangean (24)

1 o W/ Wi _Su - D7EUE _BOYLD ™ _ gy e (27)

1+r, TW/y, s, b'Eug  (¥)°

where g is the growth rate in income. Usingr, » In(1/(1+r_)) and remembering that b =
1/(1+r), the discount rate on income is

r,»r +ge (28)

We have the standard result (Layard and Glaister, 1994) that the planner should discount
future income relative to current income because it is less vduable. Fire, future utility is
vaued less highly per se than current utility ). Second, the increase in future utility as
income is tranderred from the current to the future period is smdler than the reduction in
current utility because income grows over time (g) and the margind utility of fals as income
increases (€).

The same result can be derived for the case in which margind Utility is State dependent. It
adso holds if we drop the assumption of optimd insurance and reinterpret L as a social
welfare function. In this case we dso interpret p, (Y, +7, - Yq) +(@- p)(Y, - Y4) asthe

expected surplus from a possibly suboptimal insurance scheme, and assume that a certain £1
has the same socia value wherever it accrues: s, = b'Eug.™

Using the more generd interpretation of (24) as a socid welfare function, the period t vaue
of anincrease in hedth (an increase in the probability of the hedthy gtate) in terms of income
inperiodt is

v © ﬂ'—/ﬂpt — bt(uft B udt)+St|t — Kt + (ﬁte B y%i-te)(l- e)-l +

|
COL/ Ty, s, Eug Eug t

(29)
where |, is the grass amount of compensation the individud is paid if unhedthy (the amount
of cover agang ill hedth). An increase is hedth is vauable for two reasons. Fird, it raises
utility directly (the first terms in the last expression in (29)). The vaue of the direct increase
in utility in terms of current income depends on the Sze of the utility gain and on the margind
utility of income. At higher levels of income margind utility is smdler and hence the monetary
vaue of agiven increasein hedthis gregter.
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Second, there is an increase in expected income because hedthy individuds are more
productive (the second and third terms in the last expresson in (29)). The vaue of the
increase in expected income depends on the insurance arrangements. If there is full cover
insurance (I, =¢,) so that individud gets the same income whether hedlthy or ill al the
productivity gain accrues entirely via the last term and is equd to the increase in expected
income. If insurance is incomplete (1, <¢,) some of the gain accrues to the individuds
because they have a greater probability of being in the hedthy state where they have a higher
income.

Using (29) we get
|
g, = = (1- b)ak+(1- a)g(l- &)+ gel +hg 0

where a, = K, /[K, +(y1f;e - yf,'te)(l- e)], b, =1,/v, and kistherate of growth of K;the
direct utility gain from better hedth. The margind vaue of hedth (29) a any date depends
on four factors: the direct impact of hedth on utility, the increase in utility from having a
higher income when hedthy, the margina expected utility of income, which converts the first
two utility effectsinto income terms, and the expected reduction in the cost of insurance. The
growth rate in the vaue of hedth is the weighted average of the rate of growth of these
factors where the weights in generd vary over time.

When there is no productivity gain from better hedth (so that ¢ and hence | are zero) and
hedth merely has a direct effect on utility then g, =k + ge. The direct effect of better

hedlth on utility may vary over time because of the effect of changes in public goods or the
environment on utility. The vaue of hedth in terms of income grows more rapidly the larger
the growth rate of income g and the rate & which margind utility fals with income e both
increase the willingness to give up income in exchange for hedth because reductions in
income have asmdler utility consequence.

If there is a productivity gain from better health but no direct effect on utility (K, = 0) then
g, = 9. In the ample case in which there is full cover insurance the increase in expected

income accrues entirely to the insurance pool and the growth rate of expected income is g
snce we assume that the endowed income of the sick grows a the same rae as the
endowed income of the hedthy. If there is incomplete insurance the difference between
utility from income when hedthy and income when sick decreases so that expected utility
gan from better hedth falls. With income in the unhedthy state proportiond to incomein the
hedthy gtate the expected utility gain fdls at the rate (1-€)g. However, expected margina
utility of income fdls even fadter @ the rate ge, o that the vadue of additiond utility in terms
of income grows at the rate g. Hence, whatever the extent of insurance and the sharing of
the increases in expected income between the individud and the insurance pool, g, = gif

thereis no direct effect of hedth on utility.

Table 1 summarises the implications of dternative assumptions for the growth in the vaue of
hedth and the rate of discount on hedth effects. It makes clear that, in addition to
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assumptions about socid wedfare (embodied inr and €), technology and resources

(embodiedin g), the appropriate rate of discount on hedlth effects in CEA aso depends on
the impact of ill hedlth on individua income and the extent of insurance.

If utility from income is bounded (e > 1), as is usudly assumed, then, in the limit as income
becomes large, the effect of hedth on income becomes unimportant compared to the direct
effect of hedth on utility, g, tendsto k + geand the discount rate on hedth tendsto r - k.

The current English Department of Hedlth recommendation (Department of Hedth, 1996),
based on Parsonage and Neuburger (1992), isthat health effects be discounted at 1.5% and
codts a 6%. A number of authors (for example, Arrow, 1995) have suggested that r is
around 1% and that e is about 2. Our results suggest that the recommendation on r. are
broadly correct, but they support the particular recommendation on r, only if less obvious
further assumptions are made, for example that the vaue of the direct effect of hedlth on
utility is congtant and large relaive to the vaue of the effect of hedth on income.

5 Conclusions
Our conclusions can be summarised thus

if it is believed that vaue of future hedth effects in terms of future income grows over
time, this must be dlowed for in CEA and CBA, dther directly by adjusting the hedlth
effects or indirectly by adjusting the discount rate on hedth effects

adjusting the hedlth effect has the merits of being explicit and separating out the issues of
the value of hedth effects in monetary terms and the discount rate to be applied to future
income

for cogt benefit analyss dl hedlth effects should be vaued in the income of the period in
which they occur and then discounted back to a present value using the rate of discount
appropriate for costs

for cog effectiveness andyss, where hedlth effects cannot be valued in income of the
period, the nomind quantity of hedth effects should be adjusted to a “red” quantity to
reflect the growth in the vaue of future hedth effects and the same discount rate be
gpplied to costs and “red” hedth effects

evauations should be explicit about the approach taken to discounting hedth effects and
the reasons underlying it, such as assumptions about the growth in the value of hedth
effects

The suggestion that the discount rate for hedth effects should be less than the discount rate
for cogts because the vaue of hedlth grows over timeis not new. However, the fact that the
correct discounting procedure for CEA was recognised but then dismissed in the chapter on
discounting by Lipscomb, Weingein and Torrence in the influentid compendium of best
practice in hedth economic evauations commissoned by the US Public Hedth Service
(Gold et. al., 1996), the failure to use the correct procedure reveded in published studies,
and the incorrect procedures recommended in many officia guideines (Smith and Gravelle,
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2000), suggest that the case needed to be made more firmly. We hope that by usng smple
explicit modds of intertempora decison making, we have strengthened the case for taking
account of the growth in the value of hedth in economic evduations. Evauations based on
CEA criteria require estimates of the growth in the value of hedth and CBA is impossible
without estimates of the value of hedth. Attention should now be turned to the fundamenta
issue for decison making in hedth care: the vaue of hedth.
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Notes

! Note that interest rates are dimensionless, so that it makes sense to compare the magnitudes of r, and
r'n. V¢ has the dimension of income per unit of health, so that v, and v, can also be compared.

2 The welfare foundations of CEA are discussed in Garber (2000) where it is argued that under certain
circumstances CEA can lead to welfare maximising decisions. See also Phelps and Mushlin (1991). A
contrary view has been expressed by Donaldson (1998) who argues that CEA and CBA are attemptsto
answer different questions, rather than attempts to answer the same question with different amounts of
information. He suggests that CBA is concerned with allocative efficiency and CEA with technical
efficiency.

*Ina“consistency” argument frequently cited in the debate, Weinstein and Stasson (1977) assume that
gy = 0 and then show, by comparing two projects directly against each other and indirectly viaa

sequence of equivalent project, that if the two comparisons are to yield the same result thenr,” must

equal r.. Expression (11) explains why their argument islogically correct wheng, =0 but has no
relevance to the case where g, > 0.
* The critical value at which the CBA ruleisindifferent between starting in period 0 and in period 1 is

§=r,(v,Dh- Dc)/v,DhT (Or,).

> With r. £9,,niszero or negative and the present value of the future perpetual increase in health is
infinite

® The difficulty with the CEA ruleis analogous to the problem with comparing the internal rate of return
with some target rate of return as a means of taking investment decisions. Theinternal rate of return
rule can lead to correct decisions (ie those which maximise net present value) only in arestricted class of
projects (Hirshleifer, 1970, 51-56).

"In what follows we investigate the change over time in the value of agiven health effect in terms of
income of the period in which the effect occurs. We are considering the value of a change occurring to
individuals who are the same age at different dates, not the same individual at different ages.

8 Differentiate Inv=1In p- In h, (x, s) with respect tot.

%van Hout (1998) also uses awelfare framework to derive an expression for the discount rate on health
but adopts a social welfare function which isnon linear in the health variable, so that it cannot be
interpreted as per capita expected utility, and does not allow for increasesin per capitaincome arising
from anincreasein health.

“Whenf < 1 we assume that income is always greater than the level required to ensure that utility when
healthy is greater than utility when diseased at the same income level.

! Essentially the same results can be derived in more complex settings in which being healthy has a
direct effect on marginal utility so that the optimal insurance scheme does not equalise income across
states (Gravelle, 2000).

2 To derive the results in the simple form below we al so assume that the possibly suboptimal insurance
scheme maintains a constant ratio of individual incomein the healthy and unhealthy states and that
initially the probability of the healthy stateisthe samein all periods.
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Figure 1. Vauing changes in future hedth in terms of current cost (or
income) directly: Dhyv, /(1+r.) ; andindirectly: [Dh /(1+ 1, )]V,
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Table 1. Rate of growth of vaue of hedth (g,) and discount rate on hedlth effects (ry,).

Direct effect of hedth on utility?

No Yes
Hedth affect
income?
No gV:O o= k+ge
rh:r+ge:rC rh:r-k
Yes o =g g, =(1- b)[ak+(1- a)g(l- e)+ge]+hg

h=r+ge-Y<r g @ k+ge ife>1

rh=r +g(1- €)(l- B)T- a)+h]- - h)ak
n®r-k ife>1

g: rate of growth of income; e elasticity of marginal utility of income; r: pure utility discount rate;
k: rate of growth of direct effect of health on utility; r.: discount rate on income (costs); b, = I, /v, ,

a, =K /[K, +(y5°- ¥4°)(1- ©] . Inall four cases r,= r,—g, and r, = r + ge.
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