HEALTH CARE PAYMENT SYSTEMS: COST AND
QUALITY INCENTIVES

CHING-TO ALBERT MA

Department of Economics
Boston University
Boston, MA 02215

This paper compares the cost and quality incentive effects of cost reimburse-
ment and prospective payment systems in the health industry. When a pro-
vider cannot refuse patients who require high treatment costs or discriminate
patients by qualities, optimally designed prospective payments can implement
the efficient quality and cost reduction efforts, but cost reimbursement cannot
induce any cost incentive. When the provider can refuse expensive patients,
implementation of the first best requires a piecewise linear reimbursement rule
that can be interpreted as a mixture of pure prospective payment and pure
cost reimbursement. Under appropriate conditions, prospective payment can
implement the first best even when the provider can use qualities to discrimi-
nate patients.

1. INTRODUCTION

The debate about the effectiveness of prospective payment versus
cost reimbursement payment has attracted a lot of attention in the
discussion of health care policies in the United States. It is widely
believed that the government’s accommodating cost reimbursement
policies in the 1960s and 1970s are largely responsible for the exorbi-
tant growth in the share of health care expenditures in the gross na-
tional product (GNP). The change in Medicare’s reimbursement poli-
cies 10 years ago was an attempt to avoid the supposedly perverse
incentives under cost reimbursement policies. In effect, Medicare’s
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prospective payment system, which essentially pays a fixed “price”
per discharge, with the price being determined by the patient’s dis-
charge diagnosis (diagnostic related group, or DRG), shifts cost re-
sponsibilities to health care providers. It is hoped that by making
providers bear their “production” costs, incentives for cost reductions
will be introduced. This paper provides a theoretical framework to
evaluate the comparative effectiveness of prospective, fixed-price poli-
cies versus retrospective, cost-based reimbursement policies.

The contribution of this paper is to draw attention to the different
incentive trade-offs between the two methods of reimbursement. We
emphasize the interaction of cost and quality incentives under prospec-
tive payment and cost reimbursement systems and investigate
whether the counterstrategies available to the regulated health care
provider can neutralize or further enhance the intended effects of
prospective payments. Thus, we adopt a multitask agency approach
in the paper; see Holmstrom and Milgrom (1991) for a general model.
The health care provider is portrayed as an agent with abilities to
change its performance in various dimensions. It can use efforts to
increase product or care quality; to reduce costs; to screen and, hence,
be able to refuse excessively costly patients (dumping); and to use
quality to attract low-cost patients (quality discrimination or cream
skimming). Given a payment system, the agent determines the mix
of efforts on cost reduction and quality enhancement activities to maxi-
mize net profit. .

In the first version of our model, a hospital, the regulated health
care provider, can only allocate its efforts between cost reduction and
quality enhancement. Obviously under cost reimbursement, the hos-
pital is net motivated to perform any cost reduction, and the tradeoff
between cost and quality incentives is extreme—only quality enhance-
ment incentives will be present. Nevertheless, the optimal cost reim-
bursement policy can induce a constrained efficient quality ef-
fort—constrained in the sense that cost effort is set at minimum.
Contrary to the common fear that prospective payments may encour-
age cost reduction excessively, we show that the prospective pay-
ments system can achieve the efficient allocation of efforts between
cost and quality. The intuition is actually simple to state. Given that
the hospital fully internalizes treatment (production) costs, the pro-
spective-payment price level can be set to make the hospital fully
internalize the benefit of quality as well. So if a hospital can only
choose between cost reduction and quality enhancement, prospective
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payment unambiguously represents an improvement over cost reim-
bursement.’

The previous result serves as a benchmark for the evaluation of
the prospective- and cost-reimbursement policy regimes when the
hospital’s strategic ability is made more complex. In the next version
of the model, the hospital is allowed to refuse patients if it cannot
recover their costs of treatment through reimbursements. For simplic-
ity, we adopt the assumption that the hospital can predict a potential
patient’s cost exactly.” While earlier researchers have focused on the
harm of hospital refusing expensive patients per se, our emphasis is
on its effect on cost incentives. Because the hospital never refuses a
patient under cost reimbursement, the policy can again guarantee a
constrained efficient level of quality. Under prospective payment, the
hospital will refuse expensive payments; forcing the hospital to inter-
nalize costs fully is infeasible. Depending on the structural relation-
ship between effort and cost reduction and quality enhancement out-
comes, the distortion induced by dumping may be more or less severe.
Therefore, prospective payment need not always achieve a better
overall incentive than cost reimbursement. We also show that a combi-
nation of prospective payment and cost reimbursement can achieve
the efficient mix of efforts.

We next investigate the performance of the policy regimes when
the hospital can use different quality levels to discriminate patients
whose treatment costs vary systematically. This cream-skimming phe-
nomenon may arise because the classifications in the prospective pay-
ment system fail to distinguish systematic cost differences among pa-
tients with the same diagnosis, or the hospital obtains superior
information about patient illness severities and can treat some patients
with lower costs. Again, the welfare comparison of the two policy
regimes is generally ambiguous. But under some general conditions
on consumer demands, we show that quality discrimination actually
remedies the deficiency in the prospective payment classification
DRGs. With cream skimming the regulator sometimes can implement
the efficient mix of incentives corresponding to the refined DRG classi-

- fication that can distinguish systematic cost variations. Thus, in these

situations, prospective payment must dominate cost reimbursement.

1. To the extent that hospital costs may not be observed easily, prospective payment
appears even more attractive, since it eliminates costs observation. In this paper, we
are not directly concerned with administrative and auditing costs; throughout we as-
sume that hospital costs can be verified ex post.

2. It has been argued that through observing patient characteristics, a hospital can
predict costs for 10-20% of its patients; see Dranove (1984).
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After the introduction of prospective payments, a number of
papers have discussed its limitations and incentive problems.® Ellis
and McGuire (1986) question whether the prospective payment sys-
tem alone can adequately align differences in preferences between
doctors and patients; they show that a combination of prospective
payment and (partial) cost reimbursement will be necessary when the
doctor is an imperfect agent for the patient. Dranove (1987) analyzes
the dumping and specialization incentives under prospective pay-
ment. Allen and Gertler (1991) demonstrate that when patient hetero-
geneity exists within a DRG, some type of patients must receive ineffi-
cient quality under prospective payment.

‘Although economists were rather quick to point out the inade-
quacies of the prospective payment system, few analyzed the balance
between cost reduction and quality enhancement efforts allocations.
Nevertheless, Shleifer (1985) shows that prospective payments can
induce the efficient cost decisions by hospital. A crucial difference
between the Shleifer paper and the present one is the inclusion of
quality decisions in our analysis. Pope (1989) studies an imperfectly
competitive market in which hospitals use quality to compete for pa-
tients. In that paper, the hospital can enhance quality and reduce
“‘managerial slack.” While Pope shows that competition may reduce
managerial slack but result in excessive quality, the consequences of .
dumping and quality discrimination are not considered. We do not
consider competition, but the quality and cost efforts in this paper
are similar to the hospital’s available strategies in Pope (1989). Ellis
(1993) studies a duopoly model in which hospitals can employ dump-
ing as well as care intensity (quality) to compete for and discriminate
patients. Although dumping, creaming, and skimping ate considered,
Ellis (1993) does not allow cost reduction efforts.

The change from cost reimbursements to prospective payments
in the health sector markedly resembles the recent change from rate
of return regulation to price-cap regulation in the telecommunications
industry and in public utilities. A group of papers in the literature
studies incentive issues related to such changes in these industries;
see Brennan (1989); Cabral and Riordan (1989); Clemenz (1991); Arm-
strong, Rees, and Vickers (1991); and the references they cite. These
papers emphasize the incentive effects on input choices and cost re-
duction under different regulatory regimes. Institutional factors that
are particularly important in the health care market, such as insur-

3. See Newhouse (1983, 1984) and Pauly (1984), and Russell (1989) for a summary
of empirical assessments.
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and consumer response to product qualities, so far have not been
incorporated.

Researchers in the cost-plus versus price-cap debate mostly
agree that the former regime gives the wrong incentives for the regu-
lated firm to choose input mix efficiently, or it fails to motivate cost
reduction activities. Much of the (normative) research is on the design
of the optimal rate of decrease of the price cap or the optimal duration
during which the price cap is maintained. The analysis here not only
focuses on the effect of price regulation on cost reduction but empha-
sizes the incentive tradeoff between cost reduction and quality en-
hancement.

The paper is organized as follows: The model is described in
Section 2. The basic efficiency result is derived in the following section;
we show that when cost reduction and quality enhancement are the
only activities for the hospital, prospective payment implements the
efficient allocation. Then in Sections 4 and 5, we investigate the incen-
tive tradeoffs when the hospital can dump expensive patients, and
when the hospital can use quality to discriminate patients ‘with sys-
tematic cost differences. The last section draws some conclusions.

2. THE BAsic MODEL

We consider the regulation of a single firm in the health care industry.
While we will use the term hospital, the firm under question can be
any general or specific health care provider. The analysis concentrates
on the supply side; we assume that consumers are fully insured and
ignore the possible incentive effects of demand-side cost sharing.
From the full-insurance assumption, it follows that consumers’ choice
of a health care provider depends on the quality of care. Accordingly,
consumer demands at the hospital are an increasing function of its
quality of care.

Central to our analysis is the assumption that a hospital manager
can expend “‘effort” for various activities. For example, by reducing
slack in the system or making treatment procedures more effective,
the hospital can lower its treatment costs or enhance care quality. The

variables #; and f, denote efforts a hospital manager can direct to -

quality enhancement and cost reduction dimensions, respectively;
minimum effort levels are normalized at zero. These efforts impose
a total disutility of y(t; + t2) to the hospital manager. The function
v is increasing and convex.

A higher care quality may require higher effort input by the
hospital, higher unit cost, or both. By a slight abuse of notation, we
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also use t; to denote the quality of care at the hospital.* The hospital
has a constant return-to-scale treatment technology. The unit cost of
treating a patient is c(t1, £>) when the hospital chooses quality of care
t; and cost reduction effort t,. With subscript i denoting the partial
derivative of a function with respect to that its ith argument, we as-
sume ¢; = 0 and ¢, < 0. Furthermore, we assume that ¢ is convex.
Also, let the increasing and concave function u(t;) be the hospital’s
demand when it provides services at quality t;. We assume that the
total cost c(f1, t2)u(t1) is a convex function.

We will consider two reimbursement methods. Under cost reim-
bursement, the hospital’s actual production costs are completely paid
for; in addition, the hospital may be paid a nonnegative margin, m,
so that if the hospital’s cost of treating a patient is c, it receives a total
reimbursement of ¢ + m. The margin may be used to motivate the
hospital to supply effort on quality enhancement. Under prospective
payment, the hospital receives a fixed payment per discharge, p, inde-

pendent of the total costs of treatment. The hospital is assumed to

maximize revenue less treatment costs and the disutility of efforts, or
its net profit. Hence, the hospital’s net profit functions under cost
reimbursement and prospective payment are respectively:

(c(t1, t2) + m)u(ts) — c(ts, t2)pu(t) — y(t + t2)
= mu(t) = y(h + t2) (1)
pi(t) — c(ty, t2)pu(t) — y(b + t2). 2)

Observe that since both profit functions are concave, the hospital’s
profit-maximizing choices of #; and f, can be fully characterized by
the first order conditions. Finally, the reservation net profit for the
hospital is set at zero.

The gross benefit produced by the hospital generally depends
on the number of consumers using the hospital and the quality of
care they receive. But the hospital’s demand is an increasing function
of its quality; therefore we simply write the gross benefit as a function
of quality alone, W(t;). We assume that W is increasing and concave.
Notice that we use a general gross benefit function. In many applica-
tions, benefits are taken to be consumer surplus. The function W in-
cludes that as a special case but is sufficiently general to incorporate
other policy issues that are thought to be important in health care.
For instance, because of moral hazard, and other institutional or infor-

4. More generally, let g + t; denote the total quality of care and c(q + t1, £2) the
corresponding unit cost when the hospital chooses base quality g, efforts ¢; and t..
Then, redefining g + #; as a new variable, we eliminate 4.
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mational distortions, the appropriate benefit measure may be bigger
or smaller than consumer surplus.

A regulator or a payer uses a payment policy to reimburse the
hospital for its costs of treating patients. This regulator/payer may be
a public agency or a private insurance company. In any case, the
regulator’s preferences are given by the difference between consumer
benefit and the total cost of production:

W(t1) — c(ty, L)u(t) — v(t + t2). 3)

When W(t,) represents gross consumer surplus, then expression (3)
measures the sum of net consumer surplus and producer surplus.

Generally the regulator’s preferences may be defined as a
weighted sum of consumer welfare and net profits (or hospital utility).
That is, if R represents the hospital’s revenue, then the regulator’s
preferences can be written as «{W(t1) — R} + (1 — a){R -
c(ty, b)p(t1) — y(t1 + t2)}. Our formulation in expression (3) assumes
equal weights on consumer welfare and profits.

If the regulator is a public agency, the assumption that weights
on consumer welfare and profits are equal is plausible, although a
weaker assumption may be that the weight on net consumer benefit
is at least as large as that on profits (« = .5). If the regulator is a
private insurance company seeking to maximize profits in a competi-
tive environment, it may only care about net consumer surplus so
that the weight on profits becomes zero (o = 1).

Nevertheless, even under the general specification, expression
(3) can be justified when the payment to the hospital includes a lump-
sum transfer. Then the lump-sum transfer will be chosen by the regu-
lator/payer to extract net profits; that is, R = c(t1, t2)u(tr) +
v(t1 + £2). As a result expression (3) reemerges. Although it does not
appear that the current payment systems explicitly specify transfers,
in practice hospitals often receive direct subsidies in various forms.
Thus, our implicit assumption that transfers can be used need not be
implausible. In any case, our definition in expression (3) allows us to
ignore distribution issues and concentrate on efficiency.

As a benchmark, the efforts that maximize the regulator’s objec-
tive function (3) are called the efficient allocation of efforts.”> From
concavity, the efficient allocation of efforts on quality enhancement
and cost reduction, f and t3, will be given by the following first order

5. Notice that due to insurance, consumers are not responsible for their (ex post)
care expenditure, and, hence, the efficient allocation of efforts refers to a second best.
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conditions:
W/(t1) — ca(ti, t)p(tl) — c(tl, B)u'(H1) = y'(H1 + £3) (4)
—co(t, tB)p(tl) = y'(H + 13). A (5)

3. EFFICIENCY AND PAYMENT SYSTEMS

In this section, we compare the relative efficiency of the cost reim-
bursement and prospective payment systems when quality enhance-
ment and cost reduction are the hospital’s only activities. It is obvious
that by completely paying for the hospital’s costs, the cost reimburse-
ment system eliminates any cost reduction incentives. Moreover,
other researchers have suggested that quality of care may be excessive
under this system. On the other hand, the prospective payment sys-
tem makes the hospital fully responsible for costs. It has been argued
that this policy may provide too much incentive for cost reduction
and too little for quality improvement. Our formal model allows us
to evaluate these propositions.

We begin by investigating the hospital’s behavior under cost
reimbursement. Clearly, from expression (1), the hospital will take a
minimum effort for cost reduction. Given the margin m, the hospital
will choose t; to maximize expression (1). The corresponding first
order condition becomes:

mup'(t1) = y'(t1). (6)

Because eq. (6) defines a one-to-one relationship between m and ¢y,
a given value of t; can be implemented by a choice of m satisfying eq.
(6). The equilibrium m and ¢; will be those that maximize the regula-
tor’s objective (3) with the constraints that cost reduction effort ¢, be
at its minimum, and that m implements ¢;.

Now let ¢] denote the maximizer of the regulator’s preferences
in expression (3) when £, is set at its minimum (zero). Then #{ is given
by
W(H) — aa(t], O (D) — c(t, O)u'(t1) = v'(#D).

Then this “constrained” efficient® level of quality, ], can be imple-
mented simply by setting
y'(H) _ WD) — a(t], Ou(tl) — c(tl, O)p'(H)

G R ' 7

6. ““Constrained” is in the sense that cost reduction effort is set at its minimum.
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Profits are given by

TTW () — a(t], Ou(t) — c(t], O)u'(#) ,
] el W) = 700 .

From the definition of ¢{, the integrand is equal to zero at x = t{.
Hence, the concavity of expression (3) and w implies that the integrand
is nonnegative for x <¢t{. Thus, the hospital earns nonnegative profits.
In summary, under cost reimbursement, the equilibrium margin will
be given by eq. (6), and the equilibrium quality effort level is ¢].

Under a general condition, we can compare the optimal quality
effort under cost reimbursement t} and the efficient quality effort
t1. Consider the “marginal social cost” of quality: ci(t:, t2)u(ts) +
c(t1, 2)p'(t1) + ¥'(t1 + t2). Suppose that this is increasing in t,, then
we must have ] > . When the marginal social cost of quality is
increasing in cost reduction effort, the optimal cost reimbursement
policy leads to excessive quality.” Intuitively, if a fall in ¢, reduces the
marginal social cost of providing quality effort, then the equilibrium
quality effort must be above the efficient level when t, is at its
minimum.

Despite its extreme incentive properties, the cost reimbursement
system can achieve efficiency in one dimension of the overall incentive
trade-offs. In summary, cost reimbursement can be a valuable policy
alternative when the efficient trade-off of incentives in different di-
mensions cannot be maintained by other payment systems, as we see
in the next two sections.®

Now we turn to the incentive properties of prospective pay-
ments. Given the payment parameter p, the hospital’s behavior can
be described by its choice of ; and f, that maximize profits (2). The
associated first order conditions with respect to t; and ¢, are

pr'(t1) — city, R)u(t) — c(ty, t)u'(t) = y'(k + t) (8)
—ca(ty, b)u(t) = y'(t + ta). : )

7. Consider the first order condition (4): W'(t1) — c1(tf, t5)u (1) — c(tf, tHu'(t1)

y'(tf + t5) = 0. If ] is reduced to 0, then the expression on the left-hand side

becomes strlctly positive. Thus, the first order derivative of expression (3) at t; = t{
and t, = 0 is strictly positive. Therefore, t1 < #{.

8. We have assumed throughout that patients” benefits do not affect the hospital’s
objective directly. Because most hospitals are nonprofit organizations, other researchers
have modified the provider's objective to incorporate patients’ benefits. In these
models, when compared with the efficient level, hospital expenditure typically will be
excessive. In our model, this will mean that quality effort will be provided even under
cost reimbursement with a zero margin.
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By forcing the hospital to bear costs, the prospective payment system
also makes the hospital internalize the costs of treatment. Clearly, the
first order conditions with respect to cost reduction efforts (t2) for
the hospital’s profit maximization and for the regulator’s preference
maximization (respectively, egs. [5] and [9]) are identical! Since the
private cost reduction incentive is already aligned with that in the
regulator’s objective, the efficient allocation of quality and cost efforts,
t% and t%, can be implemented by setting the price p appropriately.
More precisely, simply set the prospective payment equal to

W)
=W (10)

Given this value of p, egs. (8) and (9) yield a solution (t1, t3).
Moreover, the hospital earns nonnegative profits when pis given
by eq. (10). Profits are given by

t1 4%
[0 ) = et 0 = et o' = 7'+ )] .
o Lm'(t1)
The integrand is equal to zero when x = t{. Thus, the concavity of
expression (3) and p implies that the integrand is nonnegative for
x < tf, and profits are nonnegative. Hence, the equilibrium efforts
under prospective payment are ¢1 and t3. Since a prospective payment
system can induce the efficient mix of quality enhancement and cost
reduction efforts, the regulator gains from changing the optimal cost
reimbursement regime to the optimal prospective payment regime.’
This result appears to contrast with that in the usual monopoly
regulation model (Spence, 1975). Here we achieve the efficient alloca-
tion by setting a single price for the hospital, whereas a nonlinear
price schedule will be necessary. Our result lies in our special assump-
tion that demand is price-inelastic due to insurance. In the usual
model, the regulator is concerned with both the size of the market

9. When profits are weighed less than consumer surplus, optimal cost reimburse-
ment and prospective payment policies must limit profits at the expense of distorting .
the hospital’s efforts from the respective efficient levels. Thus, the optimal prospective
payment will not implement f and 5. Nor will the optimal reimbursement margin
implement ¢]. Although we have been unable to establish analytical results, we conjec-
ture that the equilibrium efforts will become lower. This is because the prospective
payment and reimbursement margin in egs. (7) and (10) allow the hospital to earn
positive profits. Nevertheless, since prospective payment is superior to cost reimburse-
ment when profits and consumer surplus are weighed equally, this ranking is preserved
when profits are not significantly weighed less than consumer surplus. It is unclear
how the ranking is affected if the weight on profits is significantly less.
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served by the monopolist and product quality. Hence, a simple price
policy will be ineffective in motivating the monopolist to serve the
efficient number of consumers and to supply the efficient quality level.
If the insurance aspect of health care is incorporated into our model
in a more complicated way, consumers” demand function will depend
on the hospital’s quality of care, insurance premiums, and co-insur-
ance rates or deductibles. Then the role for nonlinear prices in aligning
the payer’s and the hospital’s objectives will become important.

4. DUMPING AND COST REDUCTION EFFORTS

In the last section, we demonstrated the attractiveness of the prospec-
tive payment system. When the hospital fully internalizes treatment
cost, the pricing policy can be set to promote quality enhancement
effort. Crucial to the previous result is the assumption that forcing
the hospital to internalize cost is feasible. But in practice, this may .
not be achieved easily. In fact ever since the prospective system was
introduced, economists have worried that the problem of dumping,
in which excessively costly patients are refused treatments by the
hospital, would be an important drawback.

In this section we show that dumping generally adversely affects
the performance of the cost reduction incentives under prospective
payments. This harm is a result of the hospital’s ability to refuse high-
cost patients and, therefore, to avoid incentives to reduce those costs.
We focus on the cost reduction incentive effect of dumping and only
implicitly include other consequences that have been emphasized by
other researchers. Generally, dumping can restrict patients’ access to
their preferred medical facilities, result in inappropriate care, and cre-
ate higher and even excessive demands at county or public hospitals,
which must take all patients. Although these other costs of dumping
may be significant, we have chosen in this work to capture only those
components that are attributable to cost and quality incentives.

For simplicity, in this section and the next, we assume that
higher care quality only requires higher effort; thus, the unit cost of
treatment is independent of the quality of care. Extending the model
in Section 2, we assume that patient severity is distributed randomly.
Accordingly, the hospital’s cost of treating a patient is distributed
according to some (cumulative) distribution, F, with support [0, £]. We
assume that F is a function of ¢, the hospital’s effort in cost reduction
activities. Thus, F(c; t2) represents the percentage of patients who can
be treated with cost c or lower if the hospital uses effort £, to reduce
costs. Let ¢(f,) denote the average cost of treatment if the hospital
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chooses effort t:

A

S(t) = foc ¢ dF(c; ).

We assume that the function ¢(f,) is decreasing in t,. This may be
because a higher cost reduction effort leads to a better cost distribution
in the sense of first order stochastic dominance.

Under cost reimbursement, the hospital’'s treatment costs are
fully paid for by the regulator. Clearly, the hospital does not exert
any effort to reduce cost. Nor does it refuse to admit patients. Hence,
the quality decision will be identical to the corresponding quality
choice under cost reimbursement in Section 3. The constrained effi-
cient quality effort ] will be implemented; see egs. (6) and (7).

Next, we consider prospective payment. For the efficiency
benchmark, one can simply replace the corresponding cost functions
in eqgs. (4) and (5) by ¢(t2).'" If the hospital neither observes a patient’s
cost nor practices dumping, then the efficient quality enhancement
and cost reduction efforts can be implemented, analogous to the result
of the model with deterministic costs in Section 3. If the hospital ob-
serves a patient’s severity and, hence, his treatment cost, it may de-
cide to refuse admission to a patient if the price is smaller than the
cost. In this case, if p is the prospective price and p < ¢, the hospital’s
profit becomes

p
w(h) | (p = (e t) = v(ta + )

those patients whose costs are between p and ¢ will not be accepted
by the hospital.

For a prospective payment rate of p < ¢, the hospital’s profit-
maximizing choices of t; and t, will be given by the following first
order conditions:

Wit [ = OdF(Ei &) = ¥'(t + 2 an
p .
p(t) | (p = OdFa(ei t2) = ¥'(t + 1), (12)

We will assume that patients who are refused treatment at the

10. That is, for t» < t5, F(c; t2) < F(c; t5), with a strict inequality for some c.
11. Since ¢ is now independent of 1, the partial derivative of ¢ with respect to t
in eq. (4) will be set at zero.
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hospital will seek treatment at a public hospital and will receive care
at a fixed quality. The gross benefit will be given by

p ¢
f W(t)E(c; £) + f L dF(c; £),
0 P

where L denotes the consumers’ benefit of receiving care at the public
hospital. Hence, the regulator’s objective can be written as:

fp [W(t1) — cu(t)]dF(c; t2) + jc [L = cu(t)]dF(c; t2) — y(t + t2),
0 r )

or simply

W(t1) — c(ta)p(tr) — v(ti + t2) — [1 — F(p; t2)I[W(t1) — L],  (13)

where the last term in expression (13) can be taken to be the costs
of dumping that are not directly due to diminished cost reduction
incentives.

For any prospective price set between 0 and ¢, the implementa-
tion of the efficient mix of quality and cost efforts is infeasible. The
hospital’s choice of t; and ¢, is given by egs. (11) and (12). Thus, for
any p < ¢, then the solution from eqs. (11) and (12) will differ from
t1 and t%. This is true even if the nonincentive costs of dumping (the
last term in expression [13]) can be eliminated completely. Indeed,
from eq. (10), the efficient allocation can be achieved only if
W' (£5)/ ' (£%) > ¢, that is, when the price for motivating the efficient
quality enhancement effort level is above the support of the treatment
cost distribution, so that dumping will not occur.

Dumping may also be detrimental for quality incentives. In the
absence of dumping, the hospital’s marginal return from increasing
its qualify effort is u'(t1)(p — ¢(t2)). Comparing this with the expres-
sion on the left hand side of eq. (11), we see that for p < ¢, this
marginal return will be smaller than that under dumping. In other
words, dumping ensures that the hospital earns strictly positive profit
from each patient and may encourage an overinvestment in quality
to increase total demands.

Because of these undesirable effects of dumping, there is no a
priori reason that prospective payment must perform better than cost
reimbursement. For example, when cost reduction effortis ineffective,
then the efficient cost reduction effort will be near its minimum and
the performance of cost reimbursement is not excessively poor; this
will be true when the value of c;(t1, t2) is insignificant. On the other
hand, when the cost of dumping is high, then the prospective pay-
ment rate may be set too high, resulting in excessive quality and cost
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efforts and poor overall welfare; this will be true when consumers’
benefit from services at a public hospital, L, is very low. Indeed, cost
reimbursements and prospective payments implement different kinds
of incentive trade-offs; while cost reimbursement gives only incentives
for quality enhancement efforts, prospective payments may result in
dumping and in suboptimal quality and cost efforts. The relative per-
formance of these two systems will depend on their particular applica-
tions. . :

For policy implications, our result suggests another advantage
of refining the classifications of DRG on which current prospective
payment systems are based. A refinement of an existing classification
introduces new categories to narrow the range of cost variations
within any particular discharge category. Hence, the likelihood of
finding W'(#)/u’(t1) > ¢ will tend to increase.

Our result also suggests that the current practice of adjusting
the prospective payment according to patient severity, or casemix,
may not mitigate the perverse cost reduction incentives due to dump-
ing. Whenever a hospital’s prospective payments are adjusted down-
ward, possibly due to its lower average costs in a previous year, its
cost reduction incentives will be further reduced, because the likeli-
hood of dumping is inversely related to the prospective rate. On the
other hand, providing extra compensations to hospitals for treating
extremely high-cost patients—outlier payments—will be at least neu-
tral to cost incentives; under both dumping and the supplemental
outlier payments, the hospital would not be responsible for those high
costs. Moreaver, as we shall demonstrate next, optimally designed
outlier payments can actually restore the efficient mix of quality and
cost efforts. |

The implementation of the efficient allocation of efforts, t§ and
t5, can be achieved by a piecewise linear-reimbursement rule that can
be interpreted as a mixture of fully cost-based and fully prospective
payment systems. Recall that when the hospital does not practice
dumping, the prospective reimbursement rate that implements the
efficient cost and quality efforts is denoted by p* = W' (t1)/u'(#1) (see
eq. [10]). If dumping is used, we must have p* < ¢.

Consider conditioning the payment on cost, and let p(c) denote
the regulator’s payment to the hospital when the actual cost of treat-
ment is ¢. To avoid dumping, the payment must be above cost, so
that for 0 =< ¢ = ¢, p(c) = ¢. Now choose ¢* in [0, ] to satisfy

f: (p* — Q)dF(c; ) = f (¢ — o)dF(c; ). (14)
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FIGURE 1. REIMBURSEMENT RULE TO IMPLEMENT EFFICIENT
EFFORTS.

Such a c¢* exists, is less than p*, and is unique.'? Then set the reim-
bursement rule p(c) to be :

c* forc=c*
p(c) = { }

¢ forc>c*

Figure 1 illustrates this reimbursement rule. For costs that are
below c*, the hospital is reimbursed by a prospective payment equal

12. Clearly, the expression on the right-hand side of eq. (14) is continuous and
strictly monotonic in ¢*. For ¢* = 0, it is strictly less than the left-hand side expression;
for ¢* = p*, strictly greater. By continuity and monotonicity, there must exist a unique
number, c¢*, in [0, p*] such that eq. (14) holds.
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to ¢*; for costs above c*, the hospital is reimbursed its costs. From eq.
(14), the choice of c* ensures that the hospital earns a revenue level
equal to that from a pure prospective payment system when dumping
is ruled out. Thus, the hospital is given the incentive to provide the
efficient cost and quality efforts.

The reimbursement rule also can be interpreted as a form of
“sliding-scale” regulation; Lyon (1993) provides an analysis of general
properties of sliding-scale regulations. Under this form of regulation,
profit sharing is incorporated into a simple price-cap mechanism.
Whenever the rate of return is either below or above a predetermined
range, the price will be adjusted. Under our reimbursement rule, the
hospital’s payment will be increased to cover costs whenever these
costs are above a preset level; otherwise, the hospital is fully responsi-
ble for its costs.

5. EFFICIENCY AND QUALITY DISCRIMINATION

In this section we assume that a hospital can use quality discrimination
or cream skimming to circumvent the intended purpose of the pro-
spective payment system. Cream skimming refers to those activities
a hospital may engage in to attract patients that are low cost; in our
framework, the hospital uses different levels of quality to discriminate
against patients with different severities. For example, high qualities
may be offered to those patients with lower severity and treatment
costs. :
Cream skimming is possible because the payment classification
system has failed to distinguish between patients whose treatment
costs vary systematically within the same discharge category. More
fundamentally, the hospital may obtain some information that allows
it to use different procedures for illnesses under a single diagnosis.
Therefore, one category of discharge and payment for the hospital
may include two or more different types of patients who systemati-
cally differ in their severities and treatment requirements.

We assume that there are two types of patients, A and B. Type
A patients only require a fraction, 8, of the (nonstochastic) treatment
costs of type B patients. Let #; and th be respectively the quality and
cost reduction efforts the hospital chooses for type j patients, j = A,
B. The unit cost of treatment for type A and B patients is 6c(t%') and
c(t8), respectively, with corresponding demands w(tf) and p(t%).

Under cost reimbursement, the systematic cost variations among
subpopulations of patients will be insignificant to the hospital, since
all the costs will be paid for. Because there is no incentive to discrimi-
nate according to quality, a uniform quality will be offered. Cost re-
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duction effort, however, remains at the minimal level. This also im-
plies that if the hospital does not practice cream skimming, then the
efficiency result in Section 3 will apply, and prospective payment will
strictly dominate cost reimbursement. We now compare the two pay-
ment systems when the hospital uses quality to discriminate patients.

Suppose the prospective payment per discharge is p, then for
effort choices ti, i = 1, 2, j = A, B, the hospital’s net profit is

p(tp — 0c(t)] + w(td)p — c(t8)] — y(tf + 8 + t§ + t5).

We examine the profit-maximizing choices of t}, i = 1, 2,j = A, B.
The first order conditions with respect to t{, t¢, t¥, and t5 are as
follows:

WP - 0] = v/ + 8 + 8 + 1) (15)
—0c' (1) (t) = ¥'(t{ + t5 + t§ + t5) (16)
p'(t)p — c(tB)] = y'(tf + 8 + tF + tB) (17)
—c'(B)u(th) = y'(t1 + t58 + t§ + tB). J (18)

Generally, the hospital chooses different quality and cost efforts for
the two classes of patients. At the maximum #{* < ¢{ only if +§ <
t8.1> We now turn to the welfare implication of quality discrimination.

First consider a superior pricing classification system in which
the two classes of patients with systematic cost differences can be
distinguished. Given these distinct classifications, the two classes of
patients can be assigned different prices, say, p* and p®. Cream skim-
ming within a subclass will not occur any more, and the efficiency
result in Section 3 will apply. That is, p* and p® will be set at
W' (") /' (#47) and W' (¢5)/u' (¢%"), respectively. Here, t4* and t£" are
the efficient efforts for quality for the two groups of consumers, and
t, 5, t%° t5" maximize

W(t) + W(EE) — be(t)u(t) — c(tB)u(t) — y(tf + 15 + 17 + ¢B).
(19)

We now return to the inferior classification system that can only
set one price for both classes of patients. First, when the hospital uses
quality discrimination, the regulator must face the constraints egs.
(15)-(18), when its objective (19) is maximized. Observe, however,

13. To prove this, suppose that t£ < t{. Then we have p(t{) =< u(tf) and u'(t1)
= /(7). From egs. (15), (17), and p'(t£) = u'(tf), we have p — 0c(t8) = p — c(t§)

‘and c(t5) < 6c(t4). Hence, t5 =< t5.
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that only two of these four constraints are effective. Because the hospi-
tal fully internalizes costs, the first order conditions with respect to .
cost reduction efforts, egs. (16) and (18), will not be effective con-
straints for the regulator. Hence, under quality discrimination the
maximum welfare is given by the maximization of expression (19)
subject to egs. (15) and (17). Second, when the hospital does not prac-
tice cream skimming, then it will supply the same quality for the
two classes of patients; thus, the regulator achieves the (constrained)
maximum of expression (19) subject to the constraint tf = 5,

In general, the regulator’s preferences on prospective payments
with and without quality discrimination is ambiguous. But notice that
the result in Section 3 implies that the regulator prefers prospective
payment to cost reimbursement whenever the hospital does not dis-
criminate patients by quality. So whenever the maximum welfare from
the prospective payment with cream skimming ranks higher than that
from without, prospective payment must be superior than cost reim-
bursement. Somewhat surprisingly, sometimes the regulator can actu-
ally achieve the unconstrained maximum of expression (19), which is
infeasible without quality discrimination!

To see this possibility, suppose that W'(t)/u'(t) is a constant
(independent of t). In this case, identical prices will be set for both
types A and B patients even if the two types can be assigned different
DRGs. Then let the regulator set the prospective price p equal to this
constant (W'(t)/u'(t)). It is then easy to check that the regulator’s
constraints under cream skimming, egs. (15)—(18), exactly become the
first order conditions for the unconstrained maximization of the regu-
lator’s objective (19)! Then, despite the coarse classification in the
given pricing system, prospective payment with quality discrimina-
tion will implement that efficient allocation were the payment classifi-
cation system sufficiently rich to capture all systematic cost variations
within any single price category.*

A sufficient condition for W'(¢)/u'(t) being independent of ¢ is
that the demand function wu(t) is separable in quality ¢ and price d,
and that W measures consumer surplus. That is, u can be written in
the form f(t)g(d) or f(t) + g(d), where f and g are two functions,
and d is the patient’s (exogenous) out-of-pocket expenditure when
seeking treatment from the hospital. In these cases consumer surplus

Wis [7 f(t)g(y)dy or [Z[f(t) + g(y)]dy.

14. Again, using a similar argument in Section 3, one can verify that the hospital
will earn nonnegative profits.
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6. CONCLUSION

In this paper, we have evaluated cost reduction and quality enhance-
ment incentives of cost reimbursement and prospective payment sys-
tems. If the hospital cannot dump high-cost patients, and if the pricing
classification system truly reflects all systematic cost variations, then
prospective payment can implement the efficient allocation of cost
reduction and quality enhancement efforts. When the hospital avoids
high-cost patients through dumping, it lacks the incentive to reduce
these costs. Hence, the prospective payment system may fail to
achieve a balance between quality and cost incentives. It is quite possi-
ble that simple cost reimbursement performs better. We find that in
the presence of dumping, a combination of prospective payment and
cost reimbursement can align the proper incentives and achieve the
efficient allocation.

When there are systematic cost differences within a single pric-
ing category under the prospective payment system, then the hospital
can use quality to discriminate patients. The comparison of the effi-
ciency properties between prospective payment and cost reimburse-
ment systems is ambiguous. But we find that for a broad class of
environments, not only does the prospective payment system to-
gether with cream skimming perform better than one in which cream
skimming is absent, it can actually achieve an efficient allocation corre-
sponding to a refined classification with systematic cost differences
fully reflected by prospective prices. As a corollary, in this environ-
ment prospective payment is superior than cost reimbursement,

Our normative approach allows us to evaluate claims about the
performance of payment systems. The emphasis in this paper is on
the allocation of efforts by the hospital on cost reduction and quality
enhancement activities. Our results indicate that payment systems

SR determine incentive trade-offs. One must consider the hospital’s avail-
o able counterstrategies to react to the policies and whether the use of

such strategies can neutralize or further enhance the intended effects.
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