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Abstract

The aim of this paper is to examine the dependency of the benefits of health improvements on
comorbid conditions. We find that under plausible conditions regarding the utility function
over wealth and hedlth, the willingness to pay for health improvements increases with the
severity of the comorbid conditions. This positive relationship between willingness to pay
and severity of comorbid conditions has implications both for the empirical elicitation of
willingness to pay measures and for applications of cost benefit analysisin heath policy.
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Many socia scientists express doubts about the relevance of cost benefit analyses (CBA) in
the field of health because the willingness to pay concept which is at the root of the
measurement of benefits tends to favor young patients at the expense of old ones.

Although this suspicion is to a wide extent justified, we show in this paper that it needs to be
qualified once comorbidities are taken into consideration. We essentially obtain that under
plausi ble assumptions the existence of health problems other than those of the index condition
that is being treated do increase the monetary benefit attached to the treatment. Since old
people are aso more likely to face multiple health troubles, the positive effect of
comorbidities on the treatment value will to some extent compensate for the negative impact
of age.

Surprisingly the topics of comorbidities is very new in health economics. In a quite recent
contribution, HARRIS R. and R. NEASE (1997) (henceforth H-N) have pointed out that
many cost-effectiveness studies in the field of health have neglected to «account for the
morbid conditions that patients experience other than the index condition being studied ». In
their note they show how comorbid conditions affect the estimation of the number of quality
adjusted life years (QALY’s) gained from a therapeutic decision. Their main conclusion is
that « analyses that ignore comorbidities overstate an intervention’s health benefit relative to
analyses that do account for comorbidities ».

H-N have raised an important question that was too often neglected both in theoretical and
applied studies. The purpose of the present paper is to extend their contribution in two
directions.

First, instead of looking at the impact of comorbidities for cost-effectiveness studies (hence
H-N’s interest in QALY’s) we consider their impact on willingness to pay measures which
are more directly relevant for cost-benefit analyses. Examining W.T.P. forces us to introduce
a two dimensional utility function (of health and of wealth) which raises specific technical
difficulties not present in H-N's paper.

Second, while H-N consider only existing comorbidities, we also examine the impact of
potential comorbidities that might develop in the future along with the evolution of the index
condition being studied. In this way we create a bridge with the recent economics literature
on background risks as applied to saving or insurance decisions [KIMBALL (1990),
EECKHOUDT-KIMBALL (1992)]. We generdlize the latter approach by studying the
impact of background risks in decision problems involving two-dimensional utility functions.

The paper is organized as follows. The general model is presented in section 1. We consider
the willingness to pay (W.T.P.) of apatient for improvements in his health conditions towards
a specific illness (the «index condition ») while he may or may not also develop another
IlIness (the « comorbidity risk »).

In section 2, we analyze the properties of two W.T.P. concepts" with regard to the severity of
the comorbid condition, assuming — asin H-N — that this condition is present with certainty.

Section 3 extends the analysis to the case of arandom comorbidity while in section 4 attention
Is paid to the impact of mean preserving changesin risk related to the comorbid condition.

! The two concepts are the W.T.P. to reduce the probability of occurrence of the index condition and the W.T.P.
to reduce the severity of the index condition if it were to occur (see below).



Our main conclusion, presented in section 5, is that the impact of comorbidity on W.T.P.
critically depends upon properties of the two dimensional utility function (of wealth and
health) that is used to define W.T.P. Under the most plausible assumptions, comorbidity
increases W.T.P. for actions that improve the patient’s position towards the index condition.
Thus analyses that fail to consider comorbidity underestimate W.T.P. Thisresult isimportant
for cost-benefit analysis For instance it is often claimed that because W.T.P. falls with age,
application of cost-benefit analysis would lead to health policies that are detrimental for old
people. However, in a recent study of comorbidity factors among unselected cancer patients
in the Netherlands over the period 93-96, JW.W. COEBERGH et a (1999) found that
comorbid conditions were present in 12% of adult cancer patients below 45 years of age, 28%
of those 45-59 years, 53% of those 60-74 years and 63% of patients over 75 years of age.
Hence there is clearly an increase of comorbidity risk with age and thus consideration of
comorbidity in CBA compensates at |east partially for the age effect.

1. The general modd

We consider an individual who derives utility from his wealth (W) and his health (H), so that
U =U(W,H) (1.1
We adopt for U standard assumptions:

- U; and Uy, the marginal utilities with respect to each argument are strictly
positive ;
- Ujq; and Uy are negative so that the individual is risk averse towards a single

risk on each argument of U ;
- Uy, the cross second derivative of U is assumed non negative (quote references).
Further assumptions on higher order derivatives will be made when necessary.

Full health which is denoted Hg is threatened by two illnesses (1 and 2) the severities of

which are denoted respectively M; and M,. The probabilities of occurrence are p; and p,
and the two risks are independent. Consequently there are four possible states of the world :

Hg with probability (1-p;)(1-p,)

Ho — My with probability p; (1-p)
(1.2)
Ho—M_ with probability (1-py)p,

Ho—M; —M, with probability pjp»

Implicit in (1.2) is the assumption that the severities are additive when the two diseases occur
simultaneously.

In this framework, the patient’ s initial expected utility is:



E[U] = ppoU (W, Hg =M1 =M3) +py (1 -p2) U(W,Hg -My)
+(1-py) po2U (W, Hg =M5) +(1-py ) (1 -po) U (W, Hop) (1.3
For notationa convenience, we define :

Hip =Hg—-M1-M;
Hy=Ho—-Mq
Hy =Hgp —-M;

In the rest of the paper disease 1 will be the index condition and disease 2 the comorbid one.
Given (1.3) two W.T.P. concepts can be developed for the index condition :

- how much wealth is the patient willing to give up in oder to reduce p; from its

baseline level ;
- how much wealth is the patient willing to give up in order to reduce the severity of

illness 1 (M1) from its baseline level.

Formal expressions for these two W.T.P. concepts can be obtained by differentiating (1.3)
with respect to p; and My, to yield®:

aw _ —EPoU(W,Hap) +(1-p2) U(W, Hy JH4HpoU (W, Hp) +(1—pp) U (W, Hol
dpp  py EP2Us (W, Hyp) +(1-p2) Ug (W, Hy )3 +(1—py JHp2U1 (W, Hp) +(1 —p2) Uy (W, Ho [
(14)
=M for short
N

Noticethat: M >0 because U, >0
N>0 because U; >0

so that ((jjﬂ is positive : anincreasein p; should be compensated for by anincreasein W.
P1

Similarly,
dw _ PLEP2U2(W,Hia) +(1-pp) Up (W, H)F (5)
dM4 N '
M . .
:W for notational convenience

% The detailed procedure is illustrated in appendix 1 for the case of a change in 1. Let us aso notice that the

W.T.P. concept was defined in different ways in the literature. For instance, using an indirect utility function,
P.O. JOHANSSON (1995) defines a « W.T.P. locus » (see especially his chapter 4 « Money measures in a risky
world »). An interesting presentation can also be found in ZWEIFEL P. and F. BREYER (1997), especialy in
chapter 2, section 2.3 « Monetary evaluation of the length of life ».



M bei ng positive, an increase in M, must be compensated for by an increase in W. In fact

aw measures willingness to pay to reduce the severity of illness 1 while aw measures

dM; dpy
W.T.P. to reduce the probability of illness 1. Although afall in p; or in M4 represent each a

first-order stochastic-dominant (F.S.D.) improvement in the patient’s health® they induce
different W.T.P.’s.

Quite interestingly, if M, =0 or if p, =0 and if Hy stands for death, then (1.4) reduces to

the value of a statistical life (VSL) concept developed by DREZE (1962) and JONES-LEE
(1974) (as well as many others thereafter) who considered W.T.P. for a reduction in the

probability of death in the absence of any other risk®. Indeed for M, =0 and p, =1 (1.4)
becomes :

dw _ -U(W,H;)+U(W,Hp)
doy  pyU (W, Hy)+(1-pg) U (Ho)

(1.6)

Taking H; asthe state of death (disease 1 implying death) and Hg asthe state of life then the

transformation of (1.4) into (1.6) leads to the VSL concept. The severity element which is
important only in the present model isirrelevant in the literature on the VSL because attention
is focused only on the probability of death.

Let us aso mention that a model similar to that presented in (1.3) was already developed by
VISCUSI K., W. MAGAT and J. HUBER as early as in 1987 (see also more recently
O'CONOR and BLOMQUIST (1997)). However the questions these authors raised wereto a
wide extent different from those analyzed here. Besides some theoretical concepts (such as
that of prudence used here [see below]) were not known at the time the VISCUSI et a paper
was written.

In the next two sections we examine the impact of comorbidity (disease 2) on the two W.T.P.
concepts defined in (1.4) and (1.5). We proceed in two steps. First, as in H-N, we assume
that comorbidity is already present for sure when improvements towards the index condition
(disease 1) are being considered. This amountsto using p, =1 while M5, is strictly positive.
In the next section and in complement to H-N’s analysis, we consider that the comorbid
condition is also random (0<p, <land M, >0). In each section we wonder how and in

which direction the comorbidity affects each W.T.P. which is an important ingredient for any
cost-benefit analysis (see e.g. PAULY M. (1995)).

® F.S.D. improvements are changes in the density of a random variables that are unanimously approved by all
decision makers with an increasing utility function. Of course al patients who prefer more health to less are

unanimous to like either afall in [0y or adecrease in severity.

* For the sake of completeness let us mention however that in a recent paper L. EECKHOUDT and J.
HAMMITT investigate the impact of background risks on the value of a statistical life (VSL).



2. Comorbidity for certain

Let us now turn to the case where comorbidity is certain, i.e. the patient has disease 2 for sure.
Note that this means that the index condition and the comorbid one are not treated
symmetrically : while disease 1 is only potential, disease 2 is always present. We derive the
impact of the introduction of the comorbidity on the two W.T.P. concepts defined in section 1.
That is, we examine the impact of the introduction of the comorbidity on the W.T.P. for

actions that reduce p; or My.

When disease 2 is certain, (1.4) and (1.5) become much simpler and can be written as :

dw —U(W,Hp,) +U(W,H,) M
= =— (2.2
dpp  pUp (W, Hpp)+(1-py) Uy (W, Hp) N
and
dw — ple(W,le) :|\/|_lI (22)
dM;  pUg (W, Hpp)+(1-py) U (W, Hy) N

where M',M" and N are positive numbers.

To express the impact of M, on each of these expressions, we differentiate (2.1) and (2.2)
with respect to M, and we obtain :

0 CdwO_ N (U2(W,Hgp)=Uz (W, Hy)) ‘M,(‘P1U12(W, Hi2) ~(1-p1) Us2 (W, Hp))
oM by (N)

(2.3)

0 0dw O_ N (-pU2(W,H1a)) =M (-P1Usa (W, Hyp) (1 -p1) Usa (W, Ha)) (2.4)

oM EﬂMlm (N’)Z

Because Uy, <0, the sign of (2.3) and (2.4) depends critically on that of Ui,. Given our

0 Odw O . .

0 EUWD and g gdW [] are positive (note that this also
oMy gdpg OM [dMy [

holds if Uy, =0). Ceteris paribus, an increase in the severity of the comorbid condition

increases both the W.T.P. for areductionin p; and the W.T.P. for areductionin M;. Hence,

ignoring the comorbid condition in cost benefit analysis leads to an underestimation of the
benefit of an intervention regarding the index condition under the plausible assumption of
nonnegative Uq,.

assumption that U1, >0, both

The above conclusion is the opposite of that of HARRIS and NEASE (1997). This follows
because H-N's model is one-dimensional, containing only health effects, while our model is
two-dimensional and considers interactions between health and wealth



3. Random comor bidity

Suppose now that disease 2 is aso random. We wonder how changes in either its likelihood
(pp) or its severity (M,) affect each of the two W.T.P. concepts. Hence we have to

examine four partial derivatives obtained by differentiating (1.4) and (1.5) each with respect
to p, and M,. For instance we have:

0 CowO_ NFF(U(Hi2) ~U(Hy)) +(U(H2) -U(Ho)
0P, (P11

-M fpy Uy (Hi2) ~Us (H1)) +(1-p1) (U (H2) -Us (Ho) B
N2

(3.1)

where for notational convenience U(W,H) was replaced by U(H) since W is the same in each
expression.

Consider first the term —(U(Hpp)-U(Hy))+(U(H2)-U(Ho)) =R.  Because
Hi-Hio =Hg —H» and Hg > Hj it follows by risk aversion with respect to health that R is

strictly positive. Figure 1 illustrates this claim. Concavity of U in H implies that
ba(=U(Hy)-U(Hyz)) exceeds dc(=U(Hg)-U(Hy)).

AU

Hi, Hq H, Ho

Figurel: lllustration that R is strictly positive
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Let us now turn to the sign of the term
Hp1 (U1 (Ha12) = Up(Hy)) +(1-pg) (U1 (Hz2) ~U1(Ho))H=S. Because Hy>Hyp, Hg>Hy,
and since we have assumed that Uy, >0, it follows that S is strictly negative and thus the
term —-M * S is strictly positive. Hence, (3.1) consists of two strictly positive terms and thus
the relationship between changesin p, and changesin 3TW is positive. If the probability of
1
the comorbid increases, the patient is willing to pay more to reduce the probability of getting
disease 1. Note that this conclusion also holds true if either Uy, =0 (risk neutrality) and
Uy >0 or Uy, <0 and U =0 (no interdependence between the utility of health and the
utility of wealth). In thefirst case, R = 0 and hence N*R = 0, but S < 0 and thus—-M*S > 0.

. O . : .
Consequently, the sign of 9 %Hﬂg remains strictly positive. In the second case, S= 0 and

0p2 dp1 O
thus -M*S = 0, but N*R remains strictly positive by risk aversion and thus the sign of
0 dwd . . .
——[+—1[] remains strictly positive.
0p2 OdP1 0

U 0 U 0
Similar arguments as those applied to i?ﬂg show that 0_Low 0 Ldw 1 and

[ ] [1
0p2 Odp1 0 OM, 0dpr 0 9p2 CAM1 [0

Odw O : s
Lgdﬂg are also strictly positive under U5, <0 and U 20 or Uy, =0 and U, >0°.

oM, @M1

The above analysis shows that the risks tend to reinforce each other. When the comorbid
conditions deteriorate the patient is willing to pay more to improve the index condition. Quite
interestingly this result holds true even if U;, =0 that is when health and wealth are « utility
independent ».

Finally observe that the results in Sections 2 and 3 are qualitatively equivalent. In fact,
Section 2 can now be viewed as a special case of Section 3 with p, equal to unity.

4. A mean preserving changein risk for the comor bid condition

In the previous sections, we have considered changes in the comorbid conditions that would
always increase its expected severity. Indeed when p, or M, increase, py,.Mj is aso

necessarily increasing. In fact changesin p, orin M, determine shiftsin risk which are of a
first order stochastic dominance nature (see fn 3 below for a definition).

We now turn to the impact of a joint change in p, and in M, such that expected severity

(p2-M>) remains constant. If p, falls while M, increases with p, M, constant it is said
that the comorbid condition becomes riskier® while its mean is preserved.

> The proof which is easy but tedious can be obtained from the authors.
® In a more recent terminology one might say that the comorbidity condition becomes « catastrophic ». See
ZECKHAUSER (1995) for a definition.
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We illustrate in details the impact of a mean preserving increase in risk (M.P.I.R.) for the
comorbid condition on W.T.P. for a reduced probability of the index condition. A similar
analysis with the same type of conclusions’ can be reached as far as the W.T.P. for a reduced
severity is concerned.

To determine the impact of a M.P.I.R. on W.T.P., we differentiate (1.4) with respect to p,
and M, keeping in mind that p, M5 is constant so that :

Mz _ My (4.1)
dp, P2
We obtain
oMl
d Cow 0P2| o=t OP2| o =ct
a a _ paM2=C . paM2=C (4.2)
dp2 AP O, =t N
where C! denotes « constant ».
Besides
oM MO
~ = ‘EJ(W’ Hiz) —U(W,Hy) +poUs (W, Hpp) . —20
op poMo=Ct U P20
M-
+BJ(W’H2)‘U(VV’H0)+I02U2(W’H2)-—2D (4.3)
O P2 O
and
ON M50
P =p HJl(W' Hiz) = Ug (W, Hy) +poUso (W, Hip). —20
op poMo=Ct U P20
M-,
+(1—p1)§J1(W,H2)—U1(W,HO)+p2U12(W,H2).p—22E (4.4)

Given our assumption of risk aversion, i.e., Uy, <0, we show in Appendix 2 that the sign of
oM

o Is negatively related to that of Uyy,. We aso show that given U;, >0, the
2

poM o=C!

” Available from the authors upon request.
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sign of N is negatively related to the sign of Uqo,. Hence, the impact of a mean
preserving increase in the comorbidity risk on the W.T.P. for reductionsin p; depends on the

signs of Uy and Uppy. If Uxpy >0 and Uqpy <0 then a mean preserving increase in the

comorbidity risk increases the W.T.P. for a reduction in the probability of the index
condition®.

We observe that the impact of a mean preserving increase in risk on the W.T.P. depends not
only on conditions regarding the second order derivatives of U, but also on conditions
regarding the third order derivatives. The third order derivatives may appear unintuitive.
However, they can be given an interpretation in terms of actual behavior. Let us start with
Uooo. Ugoy >0 implies that the people are prudent with respect to health. The notion of
prudence was first proposed by KIMBALL (1990) in a model of saving under income risk
where he built upon partial results obtained in the same context by LELAND (1968) and
SANDMO (1970). In that context, prudence means that people will increase their saving
today to forearm themselves against future income risk. KIMBALL has shown taht if Uspo
Is strictly positive then people will save more when future income risk increases. In the
context of our model, Uoy, >0 means that people would like to increase their expected
health stock (e.g. by spending more on treatment) if it were to become more random (see
Appendix 3).

U9, is related to the sengitivity of a patient’s attitude regarding health risks to changes in
wealth. Indeed the latter isequal to:

0 0
o D22n
0 YUaO_ _ UppUp—UpUypp (4.5)
oW U3

2

U122 <0 is a necessary condition for the patient to become less averse to health risks when
his wealth increases.

5. Conclusion

We have shown that a patient’s willingness to pay for improvements in his index condition
increases with the severity of his comorbid conditions. In most of the cases we examined this
positive relationship depends on risk aversion regarding health risks and on positive
interdependence between the utility of wealth and the utility of health, assumptions that are
plausible and that have been supported in empirical studies. In the case of a mean preserving
increase in risk, additional assumptions regarding the third derivatives of the utility function
for health and weath must be invoked. These assumptions seem reasonable, but have not
been tested empirically. Testing these assumptionsis atopic for future research.

8 To be complete, thisalso holdsif either Uppp or Ujpo iszero and evenif either Uy, or Uqp is zero.
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Our analysis emphasizes the importance of incorporating information on comorbidities in the
elicitation of willingness to pay measures. Without this information, willingness to pay
measures are likely to be biased downwards. Our analysis also has important implications for
health policy. For instance, cost-benefit analysis is often said to discriminate against the
elderly who are supposed to derive less benefit from prolonged longevity. This argument
should be qualified if — as is plausible — age positively covaries with the severity of the
comorbidities.

Refer ences

COEBERGH JW., M. JANSSEN, P. POST and P. RAZENBERG (1999), Serious
Comorbidity Among Unselected Cancer Patients Newly Diagnosed in the Southeastern Part
of the Netherlands in 93-96, Journal of Clinical Epidemiology, 52, 1131-1136.

DREZE J. (1962), L'utilité sociale d'une vie humaine, Revue Francaise de Recherche
Opérationnelle, 6, 93-118.

EECKHOUDT L. and J. HAMMITT (1999), Background Risks and the Value of a Satistical
Life, Manuscript, Harvard School of Public Health.

EECKHOUDT L. and M. KIMBALL (1992), Background Risks, Prudence and the Demand
for Insurance, in G. DIONNE, Contributions to Insurance Economics, Kluwer Academic
Publishers, 524 pages.

HARRIS R. and R. NEASE (1997), The Importance of Patient Preferences for Comorbidities
in Cost Effectiveness Analyses, Journal of Health Economics, 16, 113-120.

JOHANSSON P.O. (1995), Evaluating Health Risks, an Economic Approach, Cambridge
University Press, 190 pages.

JONES-LEE M. (1974), The Value of Changes in the Probability of Death or Injury, Journal
of Political Economy, 80, 623-648.

KIMBALL M. (1990), Precautionary Saving in the Small and in the Large, Econometrica,
58, 53-73.

LELAND H. (1968), The Precautionary Demand for Saving, Quarterly Journal of Economics,
465-473.

O'CONOR R.M. and G.C. BLOMQUIST (1997), Measurement of consumer-patient
preferences using a Hybrid Contingent Valuation Method, Journal of Health Economics, 16,
667-683.

PAULY M. (1995), Valuing Health Care Benefits in Money Terms, in Valuing Health Care,
F. SLOAN editor, Cambridge University Press.

SANDMO A. (1970), The Effects of Uncertainty on Saving Decisions, Review of Economic
Studies, 353-360.



13

SLOAN F.A. W.K. VISCUSI, HW. CHESSON, C.J. CONOVER and K. WHETTEN-
GOLDSTEIN (1998), Alternative Approaches to Valuing Intangible Health Losses: The
Evidence for Multiple Sclerosis, Journal of Health Economics, 17, 475-497.

VISCUSI W.K. and W. EVANS (1990), Utility Functions that Depend on Health Satus:
Estimates and Economic Implications, American Economic Review, 80, 353-374.

VISCUSI W.K., W. MAGAT and J. HUBER (1987), An Investigation of the Rationality of
Consumer Valuations of Multiple Health Risks, Rand Journal of Economics, 18, 465-179.

ZECKHAUSER R. (1995), Insurance and Catastrophes, Geneva Papers on Risk and
Insurance Theory, 20, 157-175.

ZWEIFEL P. and F. BREYER (1997), Health Economics, Oxford University Press, 1997, 382
pages.



