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Abstract

Intervention policies for HIV/AIDS differ in their approaches, and acceptability to control the spread of the epidemics.
We introduce a theoretical model to depict how several factors may determine an individual's maximum willingness to
pay for any HIV/AIDS policy. Heterogeneous baseline risks, through risky sexual activities, operate so that those
individuals with higher exposure to risky activities are inclined to pay for any policy that reduces the risk. However,
given the epidemiological and economic context of a geographic region, the perceived effectiveness of a policy implies
that it will reach some level of risk reduction outcome and then, not contribute any further to the control of epidemics.
What comes into play is whether individuals observe the risk change generated by the policy and implications for
behavioral changes. Finally, we also introduce altruistic motives as a determinant of the WTP.
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1. INTRODUCTION

Disease epidemics such as acquired immunodeficiency syndrome (AIDS) affect
millions of people and present challenges to policy-makers for the design and
implementation of policies to stop the disease's spread, or to reduce adverse impacts once it is
contracted. According to the World Health Organization (www.who.int) 35 million people
have died since the beginning of the AIDS epidemic, and while fewer people are dying today
as compared to a decade ago, 1.7 million died in 2011 alone. Testing and treatment have been
effective. Testing may be reducing the spread of infection, as HIV incidence has fallen across
33 countries, and 22 of these are in sub-Saharan Africa, the region most affected by the AIDS
epidemic. Nevertheless, in 2010, there were between 2.4 million t02.9 million new HIV
infections, which was down 21% from the peak of the global epidemic in 1997; 95 million
people world-wide were tested, and about half of pregnant women who were HIV positive
received medical treatments to prevent transmission from mother to child (UNAIDS, 2012).
From 2010 to 2012 there was a 60% increase in the number of people receiving treatment
that saves their lives: 8 million were on antiretroviral treatment (ART).

HIV/AIDS policies involve different levels of resource allocation where outcomes are
conditional on factors such as (i) individual perception of infection risk; (ii) the heterogeneity
of baseline risks, which depends on sexual behavior and the use of preventative measures;
(iii) the nature and size of proposed risk changes because of health policies, and (iv)
vulnerability stemming from poverty levels, age, and gender gaps, (e.g. Bignami-van Assche
et al., 2007, Hammit and Treich 2007). Altruism may also affect policies because it is likely
that some individuals might be willing to pay to support, protect or comfort others against an
HIV/AIDS infection (Ainsworth et al., 2005). With thinning budgets tied to slow economic
growth or recession, policy makers may be forced to make difficult choices. That is, policies
that result in large risk reductions to a high-risk population could be socially preferable to
those that provide smaller risk reductions to a wider proportion of the population (Prinja
2011). Some have argued that ART may demand higher budget levels and be at least as cost
effective in reducing HIV infection risk as any of the other type interventions, but all of this
is still debatable (Johnston et al. 2010; McCabe 2010). Thus, how to focus spending is of
increasing importance, and this is tied to close scrutiny of preferences both for those
potentially infected, and for those who might support interventions for other reasons.

Underlying the economics of efficient intervention policy design is the concept that
marginal damage from the number of HIV/AIDS-infected people should equal the marginal
cost of reducing the number. To reach this efficient level one might envision a subsidy policy
of some type, and in order to inform its level one needs information on average maximum
willingness to pay (WTP). Then, the contribution of this paper is to provide a model of
individual WTP for some type of policy that reduces the HIV-infection risk, where optimal
resource allocation conditions are derived, and implications of the model are considered. The
WTP approach offers advantages over other forms of economic evaluation because no
limitation is placed on what factors are included in the evaluative space (Shiell and Rush
2003, Pratt and Zeckhauser 1996). The remainder of this paper is organized as follows.
Section two presents the WTP model. Section three offers some conclusions.
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2. THE MODEL

One aspect of the WTP approach is its capacity to capture a broader range of utility-
bearing effects from health-care services or any health-related policy (Shiell and Rush 2003).
The formal derivation of an individual-specific WTP essentially determines the change in
income that is equivalent to the welfare related to the provision of any policy. Because
individuals are not identical, information and heterogeneity may have a large effect on an
individual expression for WTP. A typical assumption is that maximum WTP to reduce health
risks increases more rapidly for an individual whose risk is increased than it decreases for an
individual facing a risk reduction: that is, the indifference curve for wealth and risk is convex
(Hammitt and Treich 2007).

An individual values a risk reduction by considering expected utility, maximizing this
subject to budget constraints. The k™-individual’s problem is to maximize state-dependent
expected utility:

©x = pr(er, x, Prug(wy) + (1 — pr(ew x, ﬁk))vk(Wk) (1)

where p, is the endogenous probability of staying healthy (not getting infected), e is
referred as self protection (i.e. condom use), x the proposed risk change, p, is an exogenous
health risk. The latter could be a science-based probability of not getting infected, perhaps
common to individuals belonging to vulnerable population groups. Note that in equation (1)
wy is wealth, u, (wy) and v(w,) are the utility levels of wealth if not HIV-infected, and if
HIV-infected, respectively." Because the model refers to attitudes and self-protection related
to sexual behavior, abstinence behavior is not considered here.

We conventionally assume that u and v are twice differentiable, u, > vy, u, > vy,
u, < 0, and v, < 0. That is, at any wealth level both utility and marginal utility are larger if
non-infected than if infected (Hammitt and Treich, 2007). The value of a risk reduction (we
use the abbreviation VRR below) is determined by the marginal rate of substitution between
wy, and x, and is defined by

dw, (e (i) — ve(wy)) W ?)

VRR, = — = ; = 7
T dx  prler xpou, (wi) + (1 — prle x, ) )vh (W)

This expression serves as the starting point to study how information about individual
baseline risks affects the valuation of changes in risk or probability (Jones-Lee, 1992).

2.1 Heterogeneity in baseline risk

Let 8, (x) be the WTP for a risk-reducing policy such that:

Picer, X, Pr ) (Wi, — e — 0, (%)) + (1 — Dy (e, x, Di) Jvi (Wi — €, — 8, ()
= pr(er, 0, Pr)w (Wi, — e) + (1 — pi(ex, 0, Pi) Jvi (Wi — €) (3)

! A reviewer notes that we have not explicitly introduced the role of insurance here, which would of course
influence WTP, so our approach here is perhaps not well suited to a setting where all HIV infected patients are
guaranteed adequate health insurance or coverage.
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where x is the risk reduction, assumed as a public-good in this section, and 0 < x < p,. This
is the usual expression that relates to an option price welfare measure (Graham, 1981).
Differentiating (3) with respect to x,

4
pllc (uk(Wk — € — Qk (x)) — vk(Wk —ep — gk(x))) ( )

prtte (Wi — e — 0,(x)) + (1 — p) vy (W — ex — 6, (x))

Then, in order for 6, (x) >0 to hold, p, = W >0 . That is, any individual

observes, or at least correctly perceives, the existence of a significant utility difference
between both states of nature, and identifies a positive relation between the risk change
generated by the policy and the individual baseline risk. We focus on the convexity of the
WTP function, because this reveals how information on heterogeneous baseline risks affects
the WTP. Differentiating (4) with respect to x:

O (x) =

v (U — vy) — O,y (uy, — v)
(pruy + (1 — prvg)?

6y (x) = (i (ke = v = G (el + (L= pIvy))  (5)
Where uk() = Ug (Wk — €k — Hk (X)) and Uk(') = vk(Wk — €k — ek(X)) The second
term in the right-hand side of (5) is positive, and in order for the WTP function to be concave

2 —
(01 (x) < 0), then p;/ = L2ECLXPID o myst hold. In other words, those with relatively low

0x?
values of py, that is, with active sexual behavior and low values of e, will have a higher
marginal WTP for increases in x, as compared to those with higher p,. However, risk
changes generated by policies have marginally decreasing effects on the probability of
remaining healthy.

2.2 Policy effectiveness

Suppose a planner must allocate a fixed budget among policies (Corso et al., 2002).
This budget greatly changes when one contemplates subsidized or “free” assured public
health care or insurance, but do not explicitly consider that here. Let a representative agent of
society’s risk reduction x(€;), be a non-decreasing function of a parameter ¢; (g = X¢, =
0). The term €; may be observed as an index of the perceived effectiveness of the i**-policy

so that it is possible to set an ordering. Here we incorporate an individual’s perception
regarding any policy’s effectiveness which determine WTP and redefine non-infection

probability as py; = priex, X, 0y (x(€;)).

Suppose for any two different policies, (i, j), an individual perceives x(e;) = x(e;),
such that py; > py; , Ok (x(&)) = 6, (xk(ej)) and

Prilk (Wk — e — 0 (X(Ei))) + (1 — P vy (Wk —er — Hk(x(fi)))

= pri(e, 0, P )ux (Wi —ep) + (1 — pri(e, 0, D)) vi(wy — )  (6)
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dG(;C:f)) — 91;,Ef’ ukf(') = Ugf (Wk —e,— 0 (x(ef))>’ ka(.) —

For f € (i,j)),let

, du , dv " d*u '
Vg (Wk — ek — Gk (x(Ef))), ukf(.) = Flj(f’ ka () = F’Z, ukf (-) — degf , and ka(-) =
dzka
ao?
Differentiate (6) with respect to ¢; :
, '. Ui () — v, (*
Hk . = p,kl( kl() kl()), >0 (7)
U Pt () + (1 = pr) v ()
' . . . . a ’ !9 ( i) '
For 6., >0, it is simultaneously required that p"(e"xdx"(x ) = py; > 0, and
% = x;i > 0, which imply positive implications over the achievement of x(¢;), that is,

individuals should perceive the policy as acceptable (p,; > 0) and engage in sexual behavior
and self-defense expenditure such that the difference wu;;(-) — vi;(-) remains significant.
Differentiating (7) with respect to perceived effectiveness, €;, yields

_ (xéi)z(uki(') — v ()) (Pt — Pribii) )
(Pt © + (1 =PIV )

k,Ei

. (pl;i (u;ci(') - U;ci(')) - 01’6,61' (pkiulrcri(') +(1- Pk)vllc,i('))) (8)

The numerator of the first term of the right hand side of (8) is negative, whereas the
second term is positive, then 0,;',61, < 0. Thus, the WTP function is concave with respect to ¢;.
That is, as the intervention generates a larger risk reduction, it will eventually reach a
maximum, observable for the agent, where it should be supplemented or replaced by another
policy, as determined by the spread of the epidemic. From (7) and (8), a positive perception
of the i*"-policy’s effectiveness, that is, a larger x(¢;), motivates both a larger marginal WTP
for its implementation and an increase of the concavity of the WTP function.

Pies (ukf(') —ka('))

= , such that
Prfit () +(1=DiepIvpp()

Now from (7), for f € (i,j), let H,Q'Gf

Pri (uki(') — Uki(')) 9
Oke; _ Pritt; () + (1 = pr) vy () ©)
6’,‘"9} pl;j (ukj () - Ukj('))
iju;(,j(') +(1- pkj)vllcj(')

Equation (9) shows that for the marginal WTP for the i**policy to be greater than the
one for j*, then the effect of x, over the probability of remaining healthy (non-infected)
should be greater on i. Plus, the utility differences under both policies should remain
significant and larger for i with respect to j. Comparing between infection and no-infection
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states, the trade-off between policies can be observed in terms of ¢, , the risk change p, and
the individual’s actions for the utility difference to remain significant.

Suppose e can be mapped over a continuum and the individual is capable of setting an
ordering of different policies in terms of their perceived effectiveness. Figure 1 shows a
summary of how risk changes and perceived effectiveness affect individual WTP. First, a
credible risk change, x, motivates an increase in WTP which is accompanied by an increase
in the perceived effectiveness. Conversely, if for a proposed policy, the perceived
effectiveness increases, which also motivate an increase in WTP, then the policy's expansion
would allow an increase of x on the probability of remaining healthy.

The main implication from (7) and (8) is that a particular policy will not contribute to
further changes in the probability of remaining non-infected, reaching a maximum at
Pmax aNd €4, (Prohaska 1990). In practice, in a country where the prevalence level of
HIV/AIDS is less than 1%, it is recommended IEC policies (Jamison 2006). Yet, when the
epidemic grows reaching prevalence level higher than 5%, IEC policies should be
supplemented with ART or condom promotion (ibid). This situation is reflected in WTP'
which depicts that the probability of remaining healthy cannot surpass p,,.., and the
individual will not show a positive marginal WTP for this particular policy. Once a new
policy is to be implemented, this motivates a shift to WTP" provided it is perceived as
effective and motivates a significant risk change.

No matter how effective a policy is perceived and how it is implemented, we allow for
the possibility that p, does not reach 1 since there are issues on individual behavior that
cannot be controlled by public health policies.

Figure 1: Willingness to Pay, Baseline Risk and Perceived Policy Effectiveness

WTP'

WTP"
WTPhax oo o — Phax
_________________ A S
AWTP{ }x
/8 B E— e
I‘—v—’: ’! ! 0
Ae Emax €;
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2.3 Altruism

Because of the implications HIVV/AIDS has for all of society, altruistic values are
potentially entangled in any individual WTP (Arafia and Leon, 2002). WTP might well
capture not only an individual’s motives for self-protection, but in fact all components of
value (Shiell and Rush, 2003). Thus, it becomes potentially important to investigate changes
in WTP related to improvements in the health and safety of others in addition to one’s self-
protection (Hurley and Mentzaki, 2011). Suppose there are two individuals, where
O (X, X) 1S the WTP of individual m, and is a function of his risk change (x,,) but also of
n (x,). Let x,, # x,,, that is, the risk changes pertain to separate population groups, or each
risk changes represents different sexual behaviors. In this case the nature and impact of
HIV/AIDS policies differ. From a social perspective we have:

Pm (em'xm' p_m)um (Wm —en—bOp (xmlxn))
+ (1 - pm(em;xm; ﬁm))vm(wm —€m — Bm (xmrxn)) +

+pn (en»xn; ﬁn)un (Wn —én— en (xm: xn))
+ (1 - pn(enl Xn ﬁn))vn(wn —€én— 9n (xm: xn))

= pm(eml 0, ﬁm)um(wm - em) + (1 - pm(em,O, ﬁm))vm(wm - em)

+Dn (en' 0, ﬁn)un(Wn - en) + (1 - pn(en: 0, ﬁn))vn(wn - en) (10)
! ” :_ ! 0 ntn
Set pk,l = %xxkkpk), Hk’l(xm; xn) = %xlx); uk() = uk(Wk - ek - gk(me xn))a
! a —ex—0 min ’
0e() = (i = e = O Com, ), () = LEIAILmI) gy () =
v(Wiex—OxCmn) \yhere k1 € (m,n)
dxl ) ) ) .
Differentiate (10) with respect to x,,:
P (i () = U (D) = B (Pt + (1 = p) i ) (11)

Ohm (X, xn) =
n,m( m n) pnuh,m(') + (1 - pn)vrll.m(')

Then for n be willing to pay for m’s risk reduction (6}, , (X, x,) > 0), it is required

pT,n,m(um(')_vm('))
that pmu-;n,m(')"‘(l_pm)vr’n,m(')
of n, motivated by a significant difference in the utilities rendered in both states of nature, the
size of the marginal increase of his own non-infection probability and inversely related to the
expected marginal utility. This implies m should be willing to pay some positive amount,
greater than zero for x,, to occur; if not, then 6y ,,(x,,, x,) <0, implying that n is not
willing to pay for x,,, either. That is, m should send some clear and observable signal to n, for
this latter to show some altruistic attitude in terms of procuring m some risk reduction.

> 0, m- That is, there is an upper bound for the marginal WTP

Next, in order to describe the behavior of the marginal WTP with respect to altruism,

.. d?e , d? XD "

set  these  conditions: )Gy, xy) = SkEmIn) oy EPECRXIRPI L (L) =
’ dxj ’ dxp, ’

d?vi (Wi —ex—0k (tmxn))

2
dxj

d?up(wi—ex—0i(Xmxn))
dx}

() = where k, | € (m,n).

1463



Economics Bulletin, 2013, Vol. 33 No. 2 pp. 1457-1467

Differentiate (11) with respect to x,,:
1

erlll,mm (Xm,xn) = ; ; 2
(pnun,mm + (1 - pn)vn,mm)

) ((pr’;z,mm (um - vm) - Zp;n,mer/n,m (u;n,m - vrln,m) - grlrll,mm (pmu;n,m +
(1 - pm)vr’n,m) - Qr,n,m (pmu#l,mm + (1 - pm)vr’r’l,mm)) ’

) (pryl (u;L,m - vr’l,m) - Qr’l,mm (pnu;l,,mm +(1- pn)vr’l,,mm)) (12)

The signs of the numerators of the first and third term on the right hand side of (12)
are both positive, but it is not clear for the second one. This ambiguity is resolved if we
assUme Up, = Vnmm = 0, that is, the size of x,, is not significant enough in order to induce
an important increase of p,, and, consequently, some significant WTP for the intervention
that generates x,,,. In this case, (12) reduces to

1

Hr,ll,mm (xm'xn) = ’ (prr;L,mm(um - vm)) :

(pnu;L,mm + (1 - pn)v{q,mm)z

) (p;’l (u;L,m - v1’1,m) - 91’1,mm (pnu#,mm + (1 - pn)v;ll,mm)) <0 (13)

Now, as x,, increases significantly, p,, also increases up to a level where py, ., ,
Onin (X, %) aNd Oy, 1 (i, x,) Will approach zero, implying the policy has reached its
maximum effectiveness, where it does not necessarily imply that p,, = 1. However, during
this process, for intermediate values of x,, the sign of 6, ,,,m (x;,,, x,) is ambiguous, because
n may also direct his budget to x,,.

3. CONCLUSIONS AND DISCUSSION

A key feature of any policy to intervene in controlling diseases such as HIV/AIDS
relates to the certainty of its outcomes. The essential point is whether outcomes are
observable and quantifiable (i.e. there are known ex post risk-reduction or improvements in
the quality of life of patients), especially when an intervention policy’s design,
implementation, and evaluation may be confounded with the issues of interpretability, their
connection to behavior modification, and public agency implementation issues (e.g. Dolcini
et al., 2010).

Our WTP model results conform with Tremblay and Ling (2005) in the sense that for
any individual to evaluate risk decisions, she must observe or perceive a significant
difference of utility levels between being HIV infected or not, which then imply the use of
preventative measures. One implication is that the latter result is more pronounced for those
individuals who are initially facing a high infection risk; however, the risk changes generated
by policies have marginally decreasing effects on the probability of remaining healthy
(Prohaska 1990).

As policy issues, whether the perceived effectiveness is measurable, the policy maker
depends on specifics of each policy and the acceptability and reactions created when
implemented in a particular context. That is, though a particular policy is intended to decrease
infection risk, the population responses may differ from what is theoretically expected
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(Mawji et al 2012). For instance, in some cases IEC policies fail because the choice between
risky and non-risky sexual behavior involves an instantaneous decision that takes into
account only the immediate satisfaction and not the long-term effects around sexual and
behavioral decisions (Fernandez 2012, Levy 2002). Finally, whether individuals correctly
perceive key differences related to HIV implementation policies are likely country and
region-specific (e.g. Dunn and Tan, 2010).

Altruism may play an important role in the determination of average WTP for a larger
population, i.e. not just that WTP calculated for victims and potential victims of the disease
(Arana and Leon 2002). However, a substantial contribution to WTP only arises when the
beneficiary of the policy (i.e. those with low p,) also incurs in some WTP. This would
reflect an interest into decreasing the own-infection risk and, if observable, would motivate
others to be willing to pay for this particular policy. In any case, apart from epidemiological
considerations (Jamison 2006) for resource allocation across policies, quantification of
marginal risk changes generated by the (set of) policies should be made available for health
officials and policy makers.

Some important limitations of the model for this paper are as follow. First, the model
is static: it does not capture dynamics related to health protection. Expanding the model into a
more dynamic framework would allow comparison of intervention programs that accomplish
goals with quite different time profiles. Second, no empirical evidence is provided here. We
encourage others to pursue this, as we shall. Third, other factors not explicitly discussed
above may also affect WTP, such as the availability of public health insurance or coverage,
and how this relates to the relationship between infected patients and government agencies
that might provide a suite of health care options. Moral hazard issues might arise in systems
that had assured (public or government) health insurance or health care coverage. We note
also that Figure 1 does not consider individual reactions in the case that intervention policies
are not perceived as effective, despite the risk change. These could be observable, but in the
event they are not, we recommend the use of empirical models that allow for unobservable
heterogeneity. In summary, there are a host of further extensions that could be pursued in
another paper.
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