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Optimal Health Insurance and Provider Payment

By CHING-TO ALBERT MA AND THOMAS G. Mc GUIRE *

We derive optimal insurance for patients and payment method for physicians
when neither the input decided by the patient (quantity of treatment) nor the
input decided by the physician (effort) are contractible. The equilibrium in this
third-best regime may sometimes be second best, in which both the physician
input and the report of treatment are verifiable. Otherwise, truthful reporting
forces a third best, characterized by provider ‘‘prospective payment’’ and sub-
optimal effort, while consumers’ demand becomes excessive. We also analyze
how ‘‘professional ethics’’ alters the equilibrium. Finally, collusive reporting
mechanisms imply more stringent constraints, while competition among physi-
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cians relaxes them. (JEL 110, B80)

Health care markets are changing rapidly as
doctors and hospitals integrate with insurance
companies, either through mergers or by com-
plex contracts, to sell health services to con-
sumers (Stephen M. Shortell et al.,, 1994).
These ‘‘organized delivery systems’’ tie to-
gether insurers, providers, and consumers with
elaborate contracts. Simple ‘‘fee-for-service”
contracts, in which providers are reimbursed
for their full costs of providing treatment while
consumers are free to choose their providers,
are becoming rare. A typical ‘‘health plan,”’
as distinguished from an ordinary insurance
policy, imposes significant risk of health care
costs for a population on doctors and hospitals,
as well as restricts consumers’ choices of pro-
viders.! From the point of view of the con-
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' One recent survey reports that nonfee-for-service con-
tracts make up 16 percent of total income of office-based
physicians, a percentage projected to grow annually at 40
percent for the next several years (Michael Quint, 1995).
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sumer, choice of a health plan has become a
choice of insurance coverage fogether with a
set of providers paid according to certain
terms.

Economic theory often interprets the emer-
gence of social institutions as a response to mar-
ket failures. Indeed, economists have recognized
for a long time that a significant market is miss-
ing in the health sector: insurance policies based
on health outcomes. Kenneth J. Arrow (1963)
observed that an efficient (first-best) health in-
surance policy would specify payment contin-
gent on the individual's state of health. For
example, an individual who suffered a sudden
health problem would be paid a specified
amount by the insurance company; afterwards,
the individual could make his own decision to
purchase health care. A state-contingent pay-
ment scheme protects the individual from the
financial risk of illness ex ante and retains in-
centives for the patient to consume health care
efficiently ex post. Nevertheless, insurance

According to the Physician Payment Review Commission
(1995), about 17 percent of the U.S. population was en-
rolled in health maintenance organizations (HMOs) in
1994, a number that is projected to grow to one-third by
the year 2000 (Office of Technology Assessment, 1994).
In 1994, 65 percent of insured workers in firms having
200 or more employees had some restrictions on their
choice of physician (Physician Payment Review Com-
mission, 1995 p. 185). In the leading-edge state of Cali-
fornia, nearly 90 percent of public employees are enrolled
in HMOs.
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policies contingent on health status are nonex-
istent because health status is too costly to verify.
As a result, the market for health-status-based
insurance is missing.”

The lack of a health-status-based insurance
market further rules out any policy that com-
mits the patient to certain bundles of treatment
contingent upon health status. The economics
literature emanating from Arrow’s observation
derives the optimal policy under the assump-
tion that insurance coverage may only be
based on the patient’s choice of treatment
quantity. Mark V. Pauly (1968) and Richard
Zeckhauser (1970) were among the first re-
searchers to characterize the trade-off between
risk sharing and moral hazard: the optimal co-
payment that the patient must pay for each unit
of treatment exposes him to some risk ex ante,
but also partly remedies his incentives to con-
sume an excessive amount of health care ex
post. Indeed, the basic premise from this
literature—that health care services with a
greater demand response to insurance should
require higher patient copayment— has laid a
foundation for an economic policy toward
health insurance and has spawned a great
deal of empirical rescarch (see Joseph P.
Newhouse and the Insurance Experiment
Group, 1993).

While this literature certainly has generated
deep insight, its single focus on the insurer-
patient relationship cannot account for the
elaborate contracts among insurers. patients,
and providers that are so common today. Con-
tracts between payers and physicians now in-
clude many new features. Some of these are
clearly designed to deal with moral hazard.
Thus, ‘‘capitation contracts’” give a physician
or a group of physicians an annual per-person
payment, and make physicians responsible for
all physician costs and sometimes costs of hos-
pitalization as well (Joan B. Trauner and Julie
S. Chestnut, 1996). Other contract features,
however, are clearly not about controlling
costs. Harold S. Luft (1996), for example, re-
ports that in some physician contracts up to 30

* It must be noted that this incomplete-market frame-
work takes health status as an cxogenous state of nature.
Thus, it ignores the moral hazard problem when consum-
ers can influence their health status by their own actions.
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percent of income could be based on bonuses
related to measures of *‘quality” of care.’ The
potential conflicts in using physician payment
and other contractual relations to pursue both
the goal of limiting cost and satisfying con-
sumers have been recognized in the medical
sociology literature since the dawn of prepaid
health care employing salaried physicians
(Eliot Friedson, 1993). To date there is no
economic theory coming to grips with the
changes in physician contracting taking place.

In our view, a theory to interpret these com-
plex contractual arrangements must recognize
that there is more going on than that captured
in the moral-hazard-versus-risk paradigm.
This observation leads to our central point: a
model for the health market must consider the
interaction among insurers, physicians, and
patients, to derive simultaneously optimal in-
surance contracts to consumers and payment
contracts to providers. Furthermore, we be-
lieve that two additional kinds of missing mar-
kets, or contractibility problems, are very
important.

First, the quantity of treatment is actually
not contractible, even ex post; the market for
insurance and payment policies based on ac-
tual quantity is missing. In practice, insurers
contract on the basis of reports of treatment
submitted by providers, not treatment itself; an
insurance ‘‘claim,”’ as the name suggests, is
only a report. Such report-based contracts are
used because verifying quantity of treatment
is costly. Distinguishing between a report and
actual treatment immediately reveals an incen-
tive problem. If a patient bears some cost shar-
ing, for example by paying coinsurance, he has
an incentive to ask the provider to underreport
treatment. A physician paid by a capitation
contract with a financial penalty assessed for
each unit of service delivered has a similar in-
centive. If these insurance- and provider-
payment contracts are paired in a health plan,

¥ Vertical integration of hospitals, physicians, and pay-
ers is another significant trend. See James C. Robinson
and Lawrence P. Casalino (1996). One piece of evidence
that these contracting changes are important is that phy-
sictan incomes seem to be affected: the American Medical
Association reports that real median physician income fell
in 1994 (Physician Payment Review Commission, 1996).
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the patient and the provider will agree to report
a smaller amount of treatment. The key impli-
cation is that truthful reporting translates to re-
strictions on insurance-payment policies,
which, as we show, may interfere with the im-
plementation of second-best, efficient alloca-
tions. Although false reporting of patient
diagnosis on hospital claims or false reporting
of procedures conducted have been noted as a
““fraud’’ issue (Grace M. Carter et al., 1991),
our discovery that incentives to report truth-
fully impose restrictions on payment parame-
ters probably is novel.

A second contractibility problem is argu-
ably more important and fundamental. Some
elements of treatment are never reported at all.
Insurance coverage and provider payment are
based on reports of measures such as number
of ‘‘visits’” or ‘‘days’’ in a hospital, or ac-
counting ‘‘costs,”” which only partially indi-
cate the resources devoted to treatment. A
physician or other health care provider must
be relied upon to prescribe the clinical content
of the services connected with a “‘visit’’ or a
‘‘day,”” and to invest (costly ) effort into mak-
ing these services productive in terms of the
patient’s health. Thus, the physician almost al-
ways supplies her own input into the produc-
tion of health care for the patient. This input,
which we call “‘effort’’ in our model, is simply
not contractible; the market for insurance and
payment policies based on the physician’s ef-
fort is missing. Because of this market failure,
an insurance-payment system must motivate
the physician to make an appropriate invest-
ment in her ‘‘hidden action.””*

In this paper, we analyze the interaction be-
tween the two kinds of missing markets or
contractibility problems just described. Our
theory can be used to interpret modern com-
plex contractual arrangements among insurer,
patient, and physician as social responses to
these missing markets, supplying incentives to
remedy inefficiency. We emphasize that our
theory focuses on the interaction between dif-
ferent kinds of market failures. Indeed, the

*The hidden action terminology is Arrow’s (1986),
where a distinction between contracting problems caused
by hidden action or moral hazard, and hidden information
or adverse selection, is made.
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second kind of market failure—the noncon-
tractibility of physician effort—Ileads to an
additional distortion in resource allocation if
the restrictions placed on the payment system
by the first— the requirement that patients
and physicians truthfully report treatment
quantity—are binding. The noncontractibility
of physician effort alone may be overcome if
the insurance-payment system is uncon-
strained, or if treatment quantity is verifiable
ex post. Nevertheless, because of the need to
induce truthful reporting due to the noncon-
tractibility of treatment quantity, a third-best
allocation may result; under a broad class of
conditions, this third-best allocation involves
an undersupply of physician effort.

Section I describes our basic model of the
strategic interactions between a physician and
a patient. Health care is produced by a patient-
controlled input (number of visits) and a
doctor-controlled input (effort), neither of
which is directly contractible. Given the in-
surance and payment parameters, the physi-
cian chooses her effort level, and upon
observing the effort, the patient decides on the
quantity to purchase. Thus, the basic strategic
interaction can be summarized as a demand
response—the physician may influence the
patient’s demand reaction by investing in ef-
fort. After the production of health care, the
patient and physician must make a claim to the
insurer to fulfill the insurance and payment
contract. We use a simple reporting game for
the claims reporting process, capturing the
idea that truthful reports in the claim must be
individually rational; an alternative form that
allows (implicit) collusion is considered in
Section V. At the close of Section I we derive
the constraints on insurance and payment sys-
tems that are consistent with truthful reports
in the claims process.

In Section I we characterize the set of effort
and quantity pairs that can be implemented by
insurance and payment parameters, when
physician-patient interaction as well as the re-
quirement for truthful reporting are taken into
account. We demonstrate that the requirement
for truthful reporting limits the feasible range
of payment parameters and, hence. the set of
implementable efforts. In Section III, we de-
rive the optimal insurance and payment sys-
tems. There, we prove that even though the

Further reproduction prohibited without permission.



688 THE AMERICAN ECONOMIC REVIEW

inputs are not contractible (or there are mar-
kets missing ), the second best may still be at-
tainable. Indeed, whenever the second best is
feasible, its implementation does not impose
extra costs even when physician-patient inter-
action and truthful reporting requirements
must be fulfilled; the second best must arise in
equilibrium as a result. But when the truth-
telling constraint on the payment system binds,
the second best fails to be implementable, and
physician-patient interaction and truthful re-
porting result in a distortion.

Section IV considers a class of models in
which the second best must be infeasible. In this
case, equilibrium effort must be lower than the
second best, and the equilibrium provider pay-
ment must be purely prospective—the physi-
cian receives a fixed fee for each patient, but
must be responsible for the patient’s treatment
costs. Then we generalize the physician’s sim-
ple profit-maximizing behavior, and endow her
with a concern for the health benefits received
by the patient. We show how this altruism or
“‘ethical’” behavior, as we call it, may be ex-
ploited to improve upon the third-best alloca-
tion. Welfare can improve because the ethical
behavioral constraint can be used to get around
the limitations of the payment system due to
the truth-telling requirement.

In Section V, we study two extensions. First,
we discuss the more severe constraint imposed
on insurance and payment parameters if physi-
cians and patients act as a coalition. There, the
parties are allowed to write ‘‘side-contracts’’
when they consider making reports after treat-
ments to fulfill the insurance-payment contract.
The requirement for truthful reporting is shown
to constrain both payment and insurance param-
eters, and the second best is not an equilibrium.
Second, we consider competition among physi-
cians as a design choice of a health plan. We
find that competition may be a useful instrument
when insurance-payment contracts fail to imple-
ment the second best. Generally, competition
among physicians can be used as an incentive to
induce costly efforts. Finally, Section VI con-
tains some discussion and concluding remarks.

L. The Model

Our model describes an agency relationship
between a physician and a patient. When a pa-
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tient becomes sick, he may recover some of
the loss due to sickness by undergoing medical
treatment or services, which formally are mod-
elled by a production process. The production
of health for the patient requires two inputs,
quantity of treatment and effort.

By quantity of treatment we mean health
services as they are conventionally defined,
such as the number of physician office visits,
or the length of stay at a hospital. The quantity
of treatment may be measured and verified ex
post. By effort we mean other inputs contrib-
uted by the physician which increase the in-
tensity or quality of treatment but are difficult
to measure and verify. Following Gerald
Wedig et al. (1989), we interpret effort as
any costly activity that affects the patient’s
valuation of the services he receives, including
dimensions of convenience, comfort, com-
munication about medical conditions, as well
as some narrowly defined ‘‘clinical’’ quality
of care. For example, this may be the physi-
cian’s task of matching a patient and his health
problem to a specific therapy, monitoring a pa-
tient’s progress and either recommending
changes in treatment or termination of care, or
learning about a problem that is unfamiliar to
her. The most concrete way to think about ef-
fort in our context is simply in terms of phy-
sician ‘‘time’’ per visit or encounter.
Physicians are paid according to ‘‘proce-
dures,”’ not time. More physician time leads
to a higher quality but more costly visit. There
is good evidence that physicians have consid-
erable discretion about the time they spend per
procedure.” The physician’s decision about
time or effort is likely to be related to the in-
centives in a payment system. One internist
told us that when he conducts a routine ex-
amination of an elderly Medicare patient, he
prepares a letter summarizing the findings for
patients who pay a fee supplementing the
Medicare rate; those patients relying only on
the Medicare rate do not get the letter.

¥ William C. Hsiao et al. ( 1988) studied physician time
and the subjective difficulty of medical procedures. The
standard deviation of the time physicians spent per pro-
cedure was about half the mean in most cases, indicating
that even in the carefully standardized vignettes prepared
in this research, physicians can exercise substantial dis-
cretion in the time spent on tasks.
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As in any model of optimal insurance, we
assume that health improvement itself (what
might be called ‘‘outcome’’) is noncontract-
ible, and that an insurance contract cannot
specify the quantity of treatment ex ante.
Moreover, we assume that an insurance-
payment contract is not based on the actual
quantity of treatment. Instead, we assume that
the contract can only be based on the treatment
quantity reported by the patient and the phy-
sician: after the patient receives treatment, the
physician and the patient file a claim with the
insurer, and the patient’s copayment and the
physician’s reimbursement are based on the
claim information.® ( The process of making a
claim is described shortly.) The physician in-
curs disutility from supplying effort, which is
assumed to be observable to the patient, but
nonverifiable to the insurer. Thus, doctors can
only be paid on the basis of the reported quan-
tity of treatment, not effort or patient benefit.

The extensive form of our game consists of
five stages.” In stage 1, the insurer chooses the
elements of the insurance and payment sys-
tems. In stage 2, ‘*Nature’ determines
whether the patient is ill with probability p. If
the patient is healthy, the game ends. Other-
wise, the patient seeks health care from the
physician. Then in stage 3, the doctor chooses
her effort, . In stage 4, after observing the
doctor’s choice of effort, the patient chooses
the quantity of treatment, 7. Finally, in stage
5, the patient and the doctor play a reporting
subgame; subsequently, the financial terms of
the insurance-payment contract between the
patient, the physician, and the insurer will be
settled.

It is instructive to compare this model to the
one analyzed by Zeckhauser (1970). His

¢ In adopting the assumption that the insurance contract
is based entirely on reported information of quantity, we
do not mean that this information may never be made ver-
ifiable. The interpretation is that insurance-payment con-
tracts that require credible verification of each piece of
information related to a patient’s course of treatment is
very costly to enforce. Our assumption then allows us to
study those contracts that are written to save the costs of
verification.

" We use Greek letters for endogenous variables, small
Latin letters for parameters, and large Latin letters for
functions.
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model is the same as the one presented here if
in stage 5 in our game the patient and the phy-
sician must report the true treatment quantity,
and if in stage 3 either the physician makes no
choice of effort into treatment or her effort is
contractible. Thus, our model generalizes
Zeckhauser’s.

We now define the reporting subgame. The
physician first suggests to the patient a report
of treatment quantity 7", not necessarily equal
to the actual quantity 7. If the patient agrees,
then 7" is reported in the claim. If he disagrees,
then 7 is reported. Implicitly, we assume that
medical records cannot be falsified; alternation
of medical records is deterred by fraud penalty
from potential audits or possible malpractice
suits. Ordinarily, however, the insurer uses
only the information in the claim filed by the
physician, not medical records, to collect the
patient’s copayments and to reimburse the
doctor.

In our reporting subgame, either the patient
or the physician can reveal the medical records
to the insurer if he or she so chooses: the doc-
tor always can enforce a truthful report by sug-
gesting 7" = T, the patient can reveal the true
T by disagreeing with a nontruthful sugges-
tion. If the doctor misrepresents treatment
quantity and the patient agrees, then the pa-
tient’s copayment and the physician’s reim-
bursement will be based on the false report.
This subgame captures the idea that misre-
porting quantity information to the insurer is
possible if, and only if, it is in the self-interest
of both the physician and the patient; in other
words, collusion is possible only if it is indi-
vidually rational. This is a minimal require-
ment, one that imposes the least restriction on
an insurance-payment system. Later, in Sec-
tion V, we consider another subgame that cap-
tures the idea that collusion is motivated by
the joint interest of the physician-patient
coalition.

Besides the reporting subgame, the other dif-
ference between our model and Zeckhauser's
is the physician’s effort decision. In our exten-
sive form, the physician’s effort decision is
made in stage 3, before the patient chooses
how many units of quantity to purchase from
the physician. Providing effort is costly for the
physician, but effort is not verifiable, and can-
not be rewarded by the insurance-payment
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contract directly. Nevertheless, our sequential
structure allows the creation of incentives by
the insurance-payment contract through the
patient’s reaction. Indeed, since effort is im-
portant to the patient, different levels of it will
lead to different quantity decisions by the pa-
tient. By changing her effort, therefore, the
physician will induce different patient de-
mands. This fact, together with the ability of
the payment contract to reimburse the physi-
cian more or less than the (marginal) cost of
quantity, creates incentives for the physician
to provide costly effort.

This methodology of demand response can
be given a number of interpretations. First, of-
ten physicians have long-term relationships
with their patients, as with the case of family
practitioners, many dentists, and those doctors
who treat chronic illnesses. Then it is reason-
able to assume that a patient actually observes
the physician’s quality of care before he de-
cides the total quantity of treatment, as we do
in the formal model.

In other situations (such as acute, emer-
gency, and specialty services), repeated
physician-patient interactions may not occur,
but a physician’s quality of care may still in-
fluence the demand for her services. We can
interpret our model as a reduced form or a sta-
tionary state of a more general, dynamic model
with many patients. Suppose that consumers
may get some information from friends or
other physicians about the quality of care that
a physician has provided to other patients.® By
changing her effort and quality, the physician
changes the information available to her po-
tential patients. Given his information about
the physician’s past quality, a patient may ra-
tionally and correctly believe that he will re-
ceive the same quality, because the physician
is interested in maintaining her reputation.
Thus, the physician’s choice of quality alters
the information available to her potential pa-
tients, and creates a demand responsef’

® This information need not be the quality itself, but
can be anything related to it. such as satisfaction levels,
outcomes, etc.

° Through repeated interactions, more powerful con-
tracts may be used to induce stronger physician quality
incentives than those considered formally in this paper.
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We should point out that the alternative
assumptions—the physician effort decision is
made either simultaneously with, or after the
patient’s quantity decision—are unpalatable:
in both cases, neither the patient’s quantity
choice nor the payment contract can provide
any incentive for the physician to undertake
costly actions.'”

We now define the remaining elements of
the game in detail, beginning with the patient’s
and the doctor’s preferences. The patient’s
utility depends on health, the benefits to health
care treatment received, and income available
for spending on other goods after any insur-
ance premiums and his share of costs for treat-
ment are paid. Initial income is w. The patient
is ill with probability p. When ill, the patient
is subject to a negative health shock with a
monetary equivalent of s. Health can be (par-
tially ) recovered according to a strictly con-
cave function F(7, &) representing the
monetary equivalent of benefits to treatment,
where 7 denotes quantity of treatment, and &
a physician’s input into the production of
health benefits.'' We assume F is increasing
in 7 and &, and bounded between 0 and s. The
variables 7 and ¢ are bounded below, with
their lower bounds set at zero.

The patient’s copayment per unit of treat-
ment is §; this copayment is paid to the in-

This, however, does not undermine the focus of this paper.
First, repeated interaction may only generate nonverifiable
information. Contracts of the form we consider here must
still be used. Second, any verifiable information generated
by repeated interaction will be used with incentive con-
tracts. Thus, we expect that our qualitative results here will
continue to hold.

' Another alternative assumption is that a patient may
learn about a physician’s quality through treatments, and
decides on the total quantity as this information accumu-
lates. We believe that this is consistent with our second
interpretation of demand response (in which patients and
physicians do not interact repeatedly, but physicians invest
in quality to increase or maintain their reputations ).

" In adopting this formulation of the health production
function, we build on Michael Grossman’s (1972) pure
investment model. We assume that the consumer derives
utility from goods, other than health, that can be pur-
chased. Medical care is bought because the health im-
provement that it generates can be translated into
additional income to be spent on other goods and services.
The model abstracts from time allocation issues by assum-
ing implicitly that a consumer’s own time and treatment
7 are used in fixed proportions to produce health.
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surer. For convenience, it is assumed that the
patient can always obtain treatment at constant
unit cost ¢ ex post. Hence, under an insurance
policy, copayment  will be less than the mar-
ginal cost of treatment: 0 < § =< ¢. The patient
must also pay the insurer an insurance pre-
mium ¢« = 0 before his health status is known.
Income available for other goods is w — «
when the individual is healthy and does not
require treatment. When the patient becomes
ill, he seeks medical care. When the physician
supplies an effort € and the patient chooses a
quantity 7, he obtains the benefit F(r, &). If
the treatment quantity 7' is reported to the in-
surer, then his income becomes w — a — G7°".
Hence, using the strictly concave function
U(-) to represent the risk averse patient’s pref-
erences, we write his expected utility as:

(1) EU=pU(w—a—B1' —s+F(1,¢))
+ (1 —p)YU(w —a).

The physician is risk neutral with respect to
money,'* has a utility function separable in
money and effort, and a reservation utility
level normalized at zero. It is assumed that the
cost of treatment, ¢ per unit, is borne by the
physician. The physician can be paid in two
components. First, for each patient, she re-
ceives a fixed fee p, which can be regarded as
a prospective payment. Second, for each unit
of treatment reported to the insurer, she re-
ceives a reimbursement ¢ + c¢. Hence, the vari-
able 6 is the margin over variable cost and can
be positive or negative. A negative § means
the doctor is paid less than cost at the margin.
Following Randall P. Ellis and McGuire
(1986), a payment system with 6 < 0 will be
referred to as containing supply-side cost shar-
ing. A fully prospective payment system sets
b = —c, the doctor receiving her total income
from the prospective component p.

If actual quantity of treatment is 7 and the
reported quantity of treatment 7, the physi-
cian’s total revenue becomes p + (6 + ¢)7" —
c7. The physician must also bear the cost of

"> The physician is not exposed to any health risk the
patient faces; the assumption that she is risk neutral is
unimportant.
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effort, &, designated G(e). We assume G(0) =
0, G’ > 0, and G" > 0. Because effort is non-
contractible, the physician receives no direct
payment for it. The physician’s utility can be
written as:

(2) V=plp++c)yr —cr—G(e)].

The insurer maximizes the patient’s ex-
pected utility subject to a balanced budget.
This implies that the premium paid by the pa-
tient must equal the expected value of the in-
surer’s payment to the physician:

(3) a=plp+(0+c—-p)7].

We complete this section by deriving the
constraint imposed on the payment system if
in a (subgame-perfect) equilibrium the true
treatment quantity is reported. First, since § =
0, the patient pays a positive amount for each
unit of reported quantity. Because he always
can reveal the true quantity, he rejects a report
that 1s bigger than the true quantity. Con-
versely, he will accept a report that is lower
than the actual quantity. Second, when § +
¢ = 0, the physician receives a positive pay-
ment per unit of reported treatment. In this
case, she will never underreport. Nevertheless,
she cannot overreport quantity, since the pa-
tient will reject her suggestion. Hence, when
6 + ¢ = 0, truthful reporting must be the equi-
librium in the subgame in stage 5. Conversely,
consider 6 + ¢ < 0. In this case, the physician
pays a positive amount to the insurer for every
unit of reported quantity, so she has an in-
centive to report 7" < 7. Moreover, such a
reported quantity will be accepted by the pa-
tient, who prefers to reduce his copayment.
Thus, whenever 6 + ¢ < 0, the equilibrium
report will be zero.'* In summary, truthful re-
ports will be the equilibrium in stage 5 if, and
only if, 6 + ¢ = 0. In our framework, a pay-
ment system that relies on unverified claim
information cannot make the physician be

“1In this case, the doctor only receives a prospective
payment p in equilibrium, and must always perform the
least costly effort. [n the analysis to follow, we will con-
centrate on insurance-payment systemns that implement
costly efforts.
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responsible for more than the cost of treat-
ment."* From now on we impose the constraint
6+c=0.

I1. Patient Choice of Quantity and Doctor
Choice of Effort

As we have just shown, equilibrium truthful
reporting occurs in stage 5 if, and only if, the
physician’s payment per unit of treatment is
nonnegative. We now proceed to find the
subgame-perfect equilibrium of this game, and
we begin with stage 4. So suppose that the
insurer has chosen («, 4, p, ) in stage 1 (with
6 + ¢ = 0), and that in stage 2 Nature has
determined that the patient is ill. Further, sup-
pose that in stage 3, the doctor has chosen her
effort level e. In stage 4, the patient chooses T
to maximize U(w — a — 7 — s + F(7, €)).
His best response —the optimal choice of 7—
is given by the following necessary and suf-
ficient first-order condition,'® obtained by
maximizing U(-) with respect to 7: U’ (")
(=B + F(7r,8))=0,0r

(4) ﬁzFT(Tv 8)-

In this standard description of demand behav-
ior, the patient chooses 7 to set the marginal
benefit of treatment equal to the out-of-pocket
cost per unit 3. Because both the health shock
and health care production are expressed in
monetary equivalents, the patient’s insurance
premium « does not affect his demand for
treatment.

To the physician, the function (4) is the pa-
tient’s reaction '® against her choice of & given

" Notice that by symmetry, when 8 < 0 and 6 + ¢ >
0, the physician and the patient both have incentives to
overreport treatment quantity. Thus, if 8 < 0, then only
6 + ¢ = 0 is consistent with truthful reporting. Neverthe-
less, an optimal insurance-payment system ever setting a
negative copayment for the patient seems an anomaly, and
throughout the paper we assume that the copayment is
always positive.

'S A subscript of a function signifies a partial derivative
with respect to that variable; a double subscript denotes a
second-order derivative.

'*It is also easy to verify that when # increases, the
reaction function (4) maust shift towards the origin. Re-
action functions do not cross: that is, 3, # £, implies that
By — FA(1,e)=0and 8, — F.(7, £¢) = 0 do not possess
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the copayment 8. The doctor’s effort € is her
instrument to influence the patient’s demand
for treatment, on which her reimbursement
will be based. In fact, from (4), we obtain

dr F..
5 —_——= -
(5) de F_.

which measures the increase of the patient’s
choice of treatment quantity (his reaction) per
unit increase of physician effort. The sign of
the slope of this reaction function is the same
as the sign of F . If effort and treatment quan-
tity are substitutes, meaning that F,, < 0, then
to induce the patient to demand a higher 7, a
lower & will be necessary. Alternatively, if ef-
fort and treatment are complements, meaning
that F., > O, then a higher 7 can only be in-
duced by a higher &.

The classification of substitutes and comple-
ments between effort and quantity is important;
in the sequel, it will be shown that distortions
of equilibrium allocations may arise under the
case of substitutes. In general, the sign of the
cross partial derivative of F may change ac-
cording to both 7 and e. For example, effort
and quantity may be complements at low effort
levels (F..(7, €) > 0), and substitutes at high
levels (F..(1, €) < 0), or vice versa.

We now consider the doctor’s decision rule
in stage 3. Here, anticipating the patient’s
treatment quantity reaction in stage 4, the doc-
tor chooses & to maximize her revenue less
costs (including the cost of £). Thus, in any
subgame-perfect equilibrium, the doctor’s
choice of € and the patient’s subsequent choice
of T are given the solution of the following
Program A: for0 = 8 = cand 6 = — ¢, choose
€ and 7 to maximize

(6) p+ 61 — G(e)

subject to Program A

a solution. Clearly, then, from (4) df = F,.de + F.dt.
Fordp > 0, if F,. < 0, then it cannot be true that de >
0 and d7 > 0. Thus. (4) must shift to the left as 8 is
increased.
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Observe that the doctor’s prospective
payment, p = 0, does not affect her supply
of effort. Hence, only 8 and 6 appear as pa-
rameters in Program A. Our goal now is to
characterize the set of subgame-pertect equi-
librium (7, &) pairs in stage 3. First, we define

Q= {(r,e): thereexist (3, ), with
O=f=candé = —c, forwhich(r, &)
solves Program A given (4,4) }.

The set 2 contains all those (7, ) pairs that
can arise as subgame-perfect equilibria given
some combination of copayment and reim-
bursement margin parameters (3 and 6). The
set £ will be called the implementable set.

From the constraint of Program A, one ob-
tains T as a function of e, with its derivative
given by (5). Hence, the first-order derivative
of the objective function with respect to ¢
becomes

(7) 6£—G’( )
de ¢
_ F.(re),
= 7F-,(T.8)6 G'(¢g).

This derivative is negative if 7 and ¢ are sub-
stitutes (F., < 0)and 6 = 0, or if 7 and ¢ are
complements (F,, > 0) and 6 = 0. Indeed,
from (6), if 6 > 0, the doctor’s utility in-
creases only if 7 increases. When F,, < 0, an
increase in 7 can only result from a decrease
in &. The doctor will therefore reduce effort as
much as she can if 6 > 0. It follows that in the
case of substitutes, the implementation of
costly effort must require the doctor to bear
some of the costs of treatments. A similar ar-
gument establishes that when effort and treat-
ment are complements, the implementation of
costly effort must require that the doctor be
reimbursed more than the costs of treatment.'”
To summarize, we state:

'" Incentive problems associated with the discrepancy
between the reimbursement rate and the marginal cost of
treatment have been appreciated also by Pauly (1991).
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PROPOSITION 1: Consider a treatment
quantity-physician effort pair (7, €) belonging
to the implementable set (). Suppose at (T, €),
& and T are substitutes; that is, F,, < 0. Then
€ is above its minimum (¢ > 0) if, and only if,
the physician payment system includes supply-
side cost sharing (6 < 0). Alternatively, sup-
pose at (1, €), € and T are complements; that
is, F.., > 0. Then & is above its minimum
(e > 0) if, and only if, the physician payment
system does not include supply-side cost shar-
ing (6 > 0).

The characterization of the implementable
set € in Proposition 1 demonstrates the fun-
damental incentive problem in the physician-
patient interaction. To implement a pair of
effort and treatment quantity, the copayment
and reimbursement margin must be chosen
carefully to ensure that in fact the physician
and the patient have the incentives to select the
effort and treatment in equilibrium. Therefore,
the range of implementable effort and treat-
ment quantity, the ‘‘size’’ of €2, is directly re-
lated to the range of variation of the
copayment and reimbursement margin param-
eters, # and 4. The range of 3 is limited by
insurance considerations, and common to both
regimes of verifiable effort and nonverifiable
effort. The range of ¢ is only relevant when
effort is nonverifiable, the focus of our model,
and limited by the truth-telling constraint: the
physician cannot be made responsible for
more than the actual cost of treatment quantity,
6 = —c, if the actual quantity is to be reported
for reimbursement.

If effort and quantity are complements,
Proposition | requires that the implementa-
tion reimbursement margin be positive.
Thus, the constraint 6 = —c is not relevant
for the pair to be implementable. But if they
are substitutes, according to Proposition 1,
the margin must be negative. Then the con-
straint & = — ¢ puts a limit on the penalty the
payment system can impose. As we next
show, the higher the effort level to be imple-
mented under substitutes, the more negative
6 would have to be set. Thus, when effort
and treatment quantity are substitutes, very
high effort levels may not belong to the im-
plementable set because the constraint 6 =
— ¢ binds.
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Consider the case of substitutes, and assume
that the first-order conditions for Program A
are necessary and sufficient for its solution.
Then it can be shown that the comparative stat-
ics with respect to ¢ are given by:

‘ or  F..(7,¢e)?
(8) 26 H >0

Qe _ F..(7,8)F, (1, ¢) -
s H

0,

where H < 0 is the bordered Hessian."® We
confirm that under substitutes, implementation
of higher effort levels requires setting increas-
ingly negative values for 6.

Figure 1 illustrates the implementable set
under substitutes. Here, the patient’s reaction
functions (F.(7,e) = 8 =0and F.(7, ) =
B = c) are negatively sloped. The doctor’s
(concave) indifference curves are also shown
for three sets of values of p and 6, with slopes
G'(€)/6. An equilibrium is a tangency of an
indifference curve with a reaction function,
such as (&', 7'). As the parameters 6 and 3
vary over their ranges, different pairs of 7 and
e will become equilibrium in stage 3, and these
are represented by the shaded area. The south-
east boundary of the implementable set reflects
the constraint § = —c: any effort level to the
east of this boundary is infeasible.

II1. Optimal Insurance-Payment Systems

In this section, we characterize the optimal
insurance-payment system. That is, we ana-
lyze the equilibrium in stage 1, or the choice
of the insurance-payment parameters that
maximize the patient’s expected utility [see
(1)], given that the premium for the patient is
actuarially fair [see (3)], that the physician’s
expected utility [see (2)] is at least her res-
ervation level (normalized at zero), and that
the choices of ¢ and 7 are given by an equilib-

'8 The expression for H is F.,[6F.,. + F...G'(g)] -
F.[6F. + F...G'(g) + F..G"(g)]. Its negative value
follows from the second-order necessary condition.
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FIGURE 1. THE SET OF IMPLEMENTABLE EFFORT AND
TREATMENT LEVELS

rium of the subgame in stage 3 defined by the
payment parameters.

Clearly, the optimal insurance-payment sys-
tem will only pay the physician her reservation
utility level. Combining the physician’s bind-
ing reservation utility constraint and the insur-
ance breakeven or budget constraint (3), we
obtain

(9) pler + G(e)] = a + pfT,

the left-hand side of which is the total expected
cost of treatment and effort; the right-hand
side, the total premium and expected co-
payment from the patient. Conversely, for any
a, B, €, and 7 that satisfy (9), and for an ar-
bitrary 6, one can set p = G(g) — 67 so that
both (3) is satisfied and (2) is equal to the
doctor’s reservation utility (zero). So without
loss of generality, we can eliminate the choice
p, and replace (3) and (2) by (9). Hence, it
is sufficient to consider those insurance-
payment parameters that maximize (1) subject
to (9), and that given the parameters, the doc-
tor’s choice of £ and the patient’s choice of 7
form an equilibrium in the subgame in stage
3. Formally, the equilibrium insurance-
payment parameters, as well as the effort and
treatment quantity, will be given by the solu-
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tion to the following program: choose a, 3, 6,
g, and 7 to maximize

pUw —a —B7 — s+ F(r,¢))
+ (1l —p)U(w— a)

subject to (9) and (&, 7) € §. It is important
to observe that the payment margin parameter
¢ necessary for the implementation of & and 7
only appears in the definition of 2, not in the
other constraint (9) or the objective function.
Because the prospective payment clement p
can be adjusted to extract the physician’s rent
for any given value of ¢, the use of § to im-
plement a quantity-effort pair does not result
in extra social costs.

Now, consider a benchmark regime in
which the doctor’s input & is contractible.
Then a payment policy can specify a payment
to the doctor contingent on her performance of
a particular effort level; moreover, she can be
relied upon to reveal truthfully the patient’s
treatment quantity in the insurance claim,
since her welfare is independent of the pa-
tient’s quantity choice. This regime corre-
sponds to the Zeckhauser model. Here, the
quantity of treatment is again given by (4),
and the budget constraint (9) still applies.
However, the doctor makes no decision about
her effort level and the policy instrument § can
be deleted. In this Zeckhauser, second-best re-
gime (second best in the sense that treatment
quantity is not contractible ex ante), the opti-
mal insurance-payment system is given by the
solution of the following program: choose a,
B, &, and 7 to maximize

pUw —a—B7 —s+ F(1,¢&))
+ (1 —p)U(w — «)

subject to (9) and (4).

Clearly, this program is a relaxed version of
the previous one for the regime in which phy-
sician effort is noncontractible: the constraint
(4) is implied by the condition that (g, 7) €
2, but not conversely (see Program A). Let
a8 B8 5% 158 denote the solution to this
relaxed program, or the second best; let EUS?
be the patient’s second-best expected utility.
The unrelaxed program above thus represents
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a ““third best’’; in addition to the patient treat-
ment quantity being ex ante noncontractible
(as in the second best), the doctor’s effort
level also is noncontractible. Furthermore, the
physician’s payment parameter, 4, is restricted
to be at least — ¢, in order to guarantee truthful
claim reports about treatment quantity. Let
a™ [T 878 & 1T denote the solution to
the unrelaxed program, and let EU® be the
patient’s expected utility at this solution.

The next proposition relates the second best
and the third best. It states that the second best
is achievable whenever (&**, %) belongs to
the implementable set 2.

PROPOSITION 2: Suppose there exists &%,
with &* = —c, such that (%%, 75%) belongs to
the implementable set ). Then the second best
is achieved in the third-best regime. That is,
o™ = g8 BTB = G5 gTB = oSB L TB _ 5B

e? r
and EU™ = EU%8,

PROOF:

Because EU** is the patient’s expected util-
ity from the solution of a more relaxed pro-
gram, EU® = EU"™. Under the hypothesis of
the proposition, the set of variables a*®, 85,
6%, &%, 5% is a feasible policy. But under this
policy, EU™ = EU*®. Thus, the patient’s ex-
pected utility when the physician input is non-
contractible remains second best. This also
implies that the solution to the unrelaxed pro-
gram can be obtained by solving the relaxed
program.

Proposition 2 says that if the doctor’s pay-
ment é can be adjusted to align her effort in-
centive with that in the second best, then the
noncontractibility of effort is inconsequential.
The design of optimal insurance can proceed
as if the doctor’s effort was at the second-best
level. Then the implementation of the second-
best effort can be achieved through an appro-
priate choice of ¢.

From Proposition 2, the second best is not
achieved when the bound on § due to the truth-
telling requirement, namely 6 = — ¢, binds. In
this case, the patient’s equilibrium expected
utility will be strictly inferior to the second
best. From Proposition 1, we know that when
F.. > 0, so that treatment quantity and effort
are complements, the implementation of any
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positive & requires a positive 8, which does not
conflict with the constraint that 6 must be
greater than — c. When 7 and ¢ are substitutes,
however, the implementation of positive effort
levels requires supply-side cost sharing, or set-
ting 6 less than zero. For some cases, the im-
plementation of the second best merely
requires setting ¢ at a level strictly above —c.
In the following section, we investigate situa-
tions in which the constraint 6 = —c binds, a
genuine third-best regime. We also will define
professional ethics formally, and identify cir-
cumstances in which the professional ethics
constraint improves the third best.

IV. A Third-Best Equilibrium
and Ethical Behavior

Having established the limits of the physi-
cian payment system to achieve efficiency
when physicians are motivated strictly by eco-
nomic self-interest, we turn our attention to the
role of professional ethics. Many models of
physician behavior include some role for ‘‘al-
truistic’” or ‘‘ethical’’ behavior, although there
is no consensus about how this should be done.
(See Martin Gaynor [1994] for a recent re-
view.) Arrow (1963) suggested that physi-
cians may behave in the interest of their
patients, that is, act ethically, in a kind of so-
cial exchange for the professional autonomy
patients and society grant them; in addition,
physicians may take pride in their work, and
enjoy providing health care. Here, we incor-
porate a physician’s concern for patients in a
simple way by assuming that a physician must
provide health benefits above a certain thresh-
old (given a health shock). Formally, the
ethics constraint is given by the requirement
that
(10) F(r,e)=F,
where F is a constant. Under the ethics con-
straint, in stage 3, the physician must choose
an effort level, which produces a health benefit
of F when combined with the patient’s de-
mand response. Clearly, this constraint need
not be binding always. For example, when
is sufficiently low, then for some ¢, the patient
may already receive a benefit more than F in
the equilibrium in stage 3 of the game. Our
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T‘Ft=B.

| F(te)=F

FiGURE 2. A THIRD-BEST EQUILIBRIUM ALLOCATION

interest is the identification and analysis of
those equilibria in which (10) binds.

First, we characterize a class of situations in
which the second best cannot be attained; the
next proposition describes a condition under
which the constraint § = — ¢ must bind and
prevents the second best from belonging to the
implementable set €2.

PROPOSITION 3: Suppose F., < 0, and
that for all € and T

F.(r,e) = Fu7,¢)
F.(7, &) F.(7,8)’
In equilibrium, 6 = —c, and the patient’s ex-

pected utility is less than EU®E.

The proofs of this and the following prop-
osition are in the Appendix. Figure 2 illus-
trates Proposition 3. A point like A cannot
be second best. At point A, the indifference
curve (67 — G(¢&)) is tangent to the reaction
function (¥, = ). But by hypothesis, the
isobenefit line (F(7, €) = F) is steeper than
the reaction function.' The isosocial cost

'° The assumption that the the isobenefit line is steeper
than the reaction function is reasonable. Consider what
must be true if it is not the case. Then if ¢ is reduced, the
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line (—c7 — G(e&)) is indicated by the
dashed line. By considering a point like B,
with the same £ but a lower 4, it is possible
to reduce 7 compared to that in A (reducing
risk to the consumer), reduce total social
cost, reduce premium « (although this can-
not be shown in the figure), and increase
health benefits. Thus, all components of ex-
pected utility improve with a decrease in 6.
Hence, the tangency point A cannot be an
equilibrium if 4 > —c¢. The only possible
equilibrium allocations are those on the
southeast boundary of {2 where 6 = —c. An
example of a health production function F
that satisfies the hypothesis of the proposi-
tionis F(7,e) =In(7 + ¢) + f(&), where
fis an increasing and concave function, and
where In denotes the natural logarithm.*

Returning to the ethics constraint, we re-
call that in a subgame-perfect equilibrium,
the doctor’s choice of & and the patient’s
choice of 7 will be given by the solution of
Program A with the additional constraint
(10). Clearly, if the ethics constraint does
not bind, the equilibrium will be the solution
to the unmodified Program A. When the
ethics constraint does bind, then (10) to-
gether with (4) will determine the equilib-
rium 7 and €.

In Figure 3, an ethics constraint adds those
points on the dotted isobencfit line F* but not
in 2 to the set of possible equilibria. All im-
plementable points must be on a reaction func-
tion for 0 = 8 =< 1. The ethics constraint may
be useful for improving resource allocation,
because, without it, the equilibrium effort level
is too low. (In Figure 3, the physician reaction
function and isobenefit line designated by A
are used in the proof of Proposition 4 in the
Appendix.)

increase in 7 must compensate for more than the reduction
in g, in the sense that a higher level of health benefit will
be produced. In other words, when she reduces effort, the
doctor improves the patient’s health by inducing him to
choose significantly more quantity. Convexity assump-
tions do not eliminate this perverse possibility, but we re-
gard it as unlikely.

** This function is bounded by s if suitable bounds are
imposed on T and e.
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-(c+A)T-G(e)
>
€

FiGURE 3. ETHICS AND AN IMPROVEMENT
ON THE THIRD BEST

Consider first an equilibrium in the absence
of an ethics constraint: a*, 8*, 6*, ¢*, 7* that
solve the program for the optimal payment
system in Section IIl. Also, denote by EU* the
patient’s expected utility from the equilibrium
allocation. Given the equilibrium, suppose we
set the professional ethics constraint at F(r,
g) = F(7*, ¢*) = F*. One interpretation is
that physicians are ‘‘accustomed’’ to provid-
ing the level of health care F*, and this level
has become to be accepted as the professional
norm. We investigate how the replacement of
the physician’s profit-maximizing choice of ¢
by her choice of ¢ satisfying F(7, e) = F(7*,
e*) = F* affects the equilibrium insurance-
payment system.

Since F* is defined with respect to the equi-
librium when the ethics constraint is absent,
the patient’s equilibrium expected utility when
the ethics constraint is present will be at least
EU*. The next proposition shows that when
the isobenefit line (F(r, ) = F) is steeper
than the reaction function (F,(7, €) = 3), the
patient’s equilibrium expected utility will in-
crease through an increase of 4 from §*. By
imposing a higher coinsurance rate on the pa-
tient, a smaller amount of treatment will result.
To maintain the health care level at F*, the
physician must increase her effort. Although
the cost of effort will have to be paid for, the
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result is a net gain in the patient’s expected
utility.

PROPOSITION 4: Suppose F., < 0, and
that for all ¢ and

_F.(r.¢)
F, (7. &)

B F.(r, &)
F.Ar, &)’

Under the ethics constraint F(7, g) = F (7%,
€*) = F*, the patient’s equilibrium expected
utility must be higher than the equilibrium ex-
pected utility without the ethics constraint
(EU*), and 3 must increase above [3*.

In circumstances in which the (Zeckhauser)
second-best equilibrium is unattainable be-
cause of bounds on feasible forms of doctor
payment, an ethics constraint of the form stip-
ulated here can be exploited by the insurer to
improve the patient’s expected utility. In com-
parison to the third-best equilibrium with 6 =
—c, the insurer can enlist the ethics constraint
by lowering treatment demanded by the pa-
tient by raising 4, forcing the doctor to raise
her effort to satisfy the ethics constraint. Under
the hypothesis of Proposition 4, the patient’s
benefit will have to increase, and he attains a
higher expected utility as a result.

V. Extensions

In this section, we consider two extensions of
our model. First, we study an alternative form
of physician-patient reporting (sub)game. Sec-
ond, we consider the effect and desirability of
competition among physicians.

In the main model in Section I, we adopt a
very simple and natural reporting subgame.
The reader may recall that the central reason
for introducing this subgame is that reimburse-
ments often are based on reported quantities,
creating an asymmetry of information on the
actual quantities between physicians and pa-
tients on the one hand and insurance compa-
nies on the other. If the physicians and patients
as a group can exploit the insurers by misrep-
resenting this information, explicit incentives
must be introduced to mitigate the potentially
detrimental effects.

Our reporting subgame in Section I de-
scribes a simple reporting mechanism for the
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patient and physician. The construction there
is based on the idea that misrepresenting in-
formation is feasible if, and only if, each party
finds it in his or her own private interest to
collude. This implicitly assumes that there is
no outside enforcement mechanism that the
parties can appeal to when they coordinate to
make reports; in other words, successful mis-
representation must be individually rational.
Although this appears to be an accurate as-
sumption in many circumstances (and a min-
imal requirement for any payment system
based on reported information), sometimes
one observes cooperation between health care
providers and clients as if the parties can bind
themselves to making false reports. For ex-
ample, a physician may waive a copayment in
exchange for an understanding that she bills
for a higher quantity of service than was ac-
tually provided. The collusive transaction—
the copayment or deductible waiver in
exchange for cooperation—mimics a kind of
(implicit) contract between the doctor and the
patient, although such contracts are clearly
illegal '

It is thus of some interest to study an alter-
native reporting subgame in which ‘‘side-
contracts’’ are allowed; that is, information
misrepresentation results from a group incen-
tive. Clearly, the assumptions of costless side-
contracting and the absence of it are both
extreme, but their simplicity implies tractabil-
ity, and they may serve as benchmarks for
broad classes of other reporting subgames.”

Under side-contracting the reporting sub-
game is described below. First, the patient and
physician jointly decide on a report of treat-
ment quantity 7" and a transfer from the phy-
sician to the patient (the side-contract).

*VIf ex post the provider has reneged on her promise
and seeks to collect copayment from the patient, the pa-
tient would have to pay. The patient’s threat of reporting
the fraud to the authority probably is an incredible threat,
since he, himself, is subject to severe penalty.

** A long-term relationship such as the one between a
physician and a patient may discourage or encourage col-
lusion. On the one hand, physician and patient may fear
that collusion in the long run may trigger reactions by
payers, making them worse off. Nevertheless, the trust be-
tween physician and patient may encourage them to act in
their “*group’’ interest, inducing them to collude.
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Second, the quantity 7" is reported in the
claim, the copayment 3 is paid, and reimburse-
ment  + ¢ received, by the patient-physician
coalition. The equilibrium of this reporting
subgame with a side-contract is straightfor-
ward to derive. First, the transfer settles the
division of surplus between the patient and the
physician. Second, by the side-contract, for
each unit of treatment quantity the patient-
physician coalition reports, it pays copayment
B but receives reimbursement 6 + ¢. Effec-
tively, the coalition can trade 6 + ¢ for 8!
Hence, whenever 6 + ¢ > (3, the report will
be the feasible maximum. Likewise, when 6 +
¢ < B, the report will be feasible minimum.
Truthful reporting obtains if, and only if, § +
¢ = 3: side-contracting imposes a more strin-
gent constraint on the insurance-payment
parameters.

To ensure truthful reporting in a side-
contracting regime, an insurance-payment pol-
icy must set patient copayment and physician
reimbursement per unit of treatment to be
identical. As a result, the net reimbursement
to the physician from the insurance company
is a prospective payment. Proposition |1 con-
tinues to apply. That is, when 7 and & are
complements, the margin on physician reim-
bursement per unit of 7 must be positive if
costly effort is to be implemented; when they
are substitutes, the margin must be nega-
tive. The equilibrium allocation under side-
contracting can be obtained by solving the
program for the third best (shown before Prop-
osition 2) with the additional constraint that §
+ ¢ = f. Formally, the payment margin ¢ in
Program A must be replaced by 8 — c¢. Be-
cause of this new restriction on the payment
margin, the implementation of costly effort
(whether under effort-quantity complements
or substitutes) must be at the expense of fur-
ther distortions in optimal risk sharing, and the
second-best (Zeckhauser) allocation will not
be implementable generally. We will not de-
rive formally the distortion due to the devia-
tion from the second best, but conjecture that
equilibrium effort can be too low or too high,
depending on the parameters of the model.

We now return to the case where side-
contracts are infeasible, and turn our attention
to the effects of physician competition on our
model. Our methodology regards insurance
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and payment systems as outcomes of a design
process. This can be applied to competition,
too. That is, the structure of the contract be-
tween the payer and physicians may influence
or explicitly specify the form of competition
between physicians — more on this below.
We must, however, first clarify the potential
role of physician competition within our
framework.

The simplest way to illustrate the effect of
physician competition is to imagine for the
time being that treatment quantity is verifiable
and hence contractible. In this circumstance,
an insurance contract may specify the quantity
of treatment when the consumer seeks help
from a physician; only the physician’s input,
her effort, is noncontractible. Under competi-
tion, a physician must choose an effort to com-
pete with other physicians for patients; a
higher effort enhances patient utility, increas-
ing a doctor’s demand. Indeed, a physician
will raise effort to increase her demand if, and
only if, she expects to make a profit from treat-
ing a patient. Because the marginal return from
attracting a patient must equal the marginal
disutility of effort, raising the prospective and
margin parameters implements higher ef-
forts.”® When physicians must compete for pa-
tients, the payment parameters may be used as
an instrument for the implementation of costly
efforts.

We now reinstate the assumption that both
treatment quantity and physician effort are
noncontractible. Suppose physicians are
allowed to compete for patients. Given the
insurance-payment parameters, and the phy-
sician’s effort, each consumer decides whether
to seek help from the physician, and the treat-
ment quantity if he does. Anticipating these
reactions from the consumers, a physician
picks a profit-maximizing effort level, which
determines her demand and each of her pa-
tient’s treatment quantity. Thus, in contrast to
our model in earlier sections ( where physician
competition is not considered), a set of
Insurance-payment parameters implements not

** Ma (1994 ) considered the cost and quality incentives
of various payment systems. In that model, each physician
faces an upward sloping demand curve, which is a func-
tion of the physician’s quality of care.
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only the physician’s effort and her patient’s
treatment quantity, but her demand as well.

To present a simple but formal analysis of
physician competition, we first extend our
model by including in it a population of con-
sumers with total mass normalized to one,
each of these consumers having identical util-
ity functions but different out-of-pocket costs
for using different physicians (in addition to
the copayment). This introduces a ‘‘horizon-
tal’” product differentiation dimension in the
physician-provider market. Let 8, represent
this uninsurable out-of-pocket cost for obtain-
ing service from physician i, and the (distri-
bution) function ®,(x) denote the proportion
of consumers who must incur a cost of at most
x when they use physician i.

Suppose the insurer has contracted with a
set of physicians. For our purpose, it is suffi-
cient to study the strategic choice of a repre-
sentative physician, say physician i, who is
allowed to compete with others. Fixing the
insurance-payment parameters and the efforts
of all other physicians, we look at the repre-
sentative physician’s incentive to compete for
patients by her effort decision.

Now suppose that a consumer who has
signed the insurance contract obtains an ex-
pected utility of U if he does not use physician
i.** For a given set of insurance-payment pa-
rameters and the physician’s effort level, the
consumer’s optimal choice of treatment quan-
tity 7 is given by (4). Clearly, the consumer’s
utility ex post (optimized with respect to 7) is
increasing in physician effort. Those consum-
ers with values of #; below a threshold level
will use physician i for service; this threshold

8, is defined by:

(11) Uw—-—a—p0r—s

+ F(r,e)—8,)=U.

Solving this equation, we express the thresh-
old as an increasing function of £: &, (¢ ). Thus,

# This “‘reservation’’ expected utility &/ will be deter-
mined endogenously if the equilibrium of the competition
game between physicians is constructed. We are not di-
rectly concerned with this construction, but with illustrat-
ing the role of competition as an incentive mechanism for
costly efforts.
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setting her effort at &, physician i gets
$(0; (g)) of all consumers. To simplify nota-
tion, denote ®(F;(&)) by D(g). The increas-
ing function D(¢) represents the number of
consumers who will choose physician i for ser-
vice when they become sick, or simply the de-
mand function facing the representative
physician.”

We can now study the incentives for setting
effort due to competition. Given the payment
parameters, and her patient’s ex post choice of
treatment quantity in (4), the representative
physician’s profit can be written as:

(12) D(e)[p + ér — G(e) ],
where 7 is again given by (4). Consider the
first-order derivative of (12) with respect to &:

(13)  D'(e)lp+ 61 = G(e)]

+ D(s)[éﬂ — G'(s)] .
de

Comparing this with (7), we see that physi-
cian competition provides an extra incentive
for costly effort: if the physician expects to
earn a positive profit from providing service
to each patient (p + 67 — G(g) > 0), then
the first set of terms of (13) represents the
marginal return of effort through its effect of
increasing demand.

Let us continue to consider the implemen-
tation of a fixed level of effort £*; this level
can be identified with an appropriately defined
second best. We will regard competition as an
instrument for the insurer when payment con-
tracts to physicians are drawn up. Two simple
and stylized regimes are considered. First,
physicians who sign payment contracts with
the insurer are free to compete against other
participating physicians for patients (who
have established insurance contracts with the
insurer). Second. physicians are allocated a
preassigned set of patients; treating patients

** The D(¢) function could be the result of other dif-
ferences among consumers. For example, consumers may
have different reservation utilities of seeing an alternative
physician. We have captured consumers” differences by ¢
for simplicity.
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outside her assignment will not lead to pay-
ments from the insurer.

Suppose now that treatment and effort are
complements: d7/de > 0. Then, it follows
from Proposition 2 that even when p + 67 —
G(g) = 0, the value of § can be so chosen that
£* can be an equilibrium choice by the phy-
sician. Thus, allowing physicians to compete
for patients does not improve the allocations;
under complements, the implementation of the
second best is already achieved by payment
parameter § without the help of competition.?

Next, suppose that treatment and effort are
substitutes: d7/de < 0. We have seen from
Propositions 2 and 3 that the implementable
set may be restricted by 6 = —c¢. Suppose that
without competition (or alternatively, by set-
ting p + 67 — G(g) = 0), the effort level e *
is not implementable. Then physician compe-
tition together with an appropriate choice of p
and 6 may enable £* to be implemented.

Typically, the failure of the implementation
of £* without competition is due to the lower
limit of é: because of the truth-telling con-
straint, a physician cannot be made responsi-
ble for more than the cost of treatment (6 =
—c¢). When € and 7 are substitutes, lowering
¢ reduces the physician’s reward for visits, and
therefore increases the incentive to supply ef-
fort. Thus, without competition, even when §
is set equal to —c, the effort level is still less
than e*. Competition provides an additional
incentive for the physician to increase effort;
by raising the value of p, the marginal return
of effort to attract patients is increased, leading
to a higher effort level. More precisely, pick
p* such that

D' (e*)[p* = cm* = G(e*)]

|0
+D(e*)| —c——-G'(g*) | =0,
de

then €* will be implemented. In summary,
competition strictly expands the set of imple-
mentation efforts.

* Allowing physicians to compete for patients {and al-
lowing p + 67 — G(g) > 0) implies that the value of
will have to be readjusted for the implementation of £*.
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Notice that the implementation of £* by the
above method lets the physician earn a signif-
icant amount of profit ex post. This excess
profit ex post likely imposes a social cost for
implementing £*. The payer may need to set
up a participation fee ex ante for physicians
who join the “‘network’’ in order to make up
for the costs of paying physicians excess prof-
its ex post. This “‘entry’’ fee allows a physi-
cian to compete for patients who have
purchased insurance contracts with the payer,
and it can be so chosen that a participating
physician earns zero economic profits overall.

V1. Discussion

The extant literature on optimal health in-
surance regards the ex ante noncontractibility
of quantity of treatment to be the underlying
market failure. The choice of level of insur-
ance coverage balances the risk-spreading
gains from more insurance against the welfare
loss from exacerbating patient moral hazard.
It seems clear, however, that the delivery of
health care often involves joint decisions by a
doctor and a patient.”” The questions of the
optimal insurance system and optimal provider
payment system should be answered in a uni-
fied model explicitly including doctor and pa-
tient interaction. Thus, the issue of insurance
and payment design is more complex and in-
volves more than one market failure.

Extending the earlier optimal insurance lit-
erature, we consider a number of issues that
are both practically and analytically important.
First, we assume that insurance-payment con-
tracts are based on reported information, and
discover that truthful reporting imposes con-
straints on the contract parameters. Second, we
model physician-patient interaction by a form
of demand response: the patient chooses the
amount of an input after observing the physi-
cian’s input (effort). We find that the imple-
mentation of desirable input combinations
may be possible, but often this may be

¥ Ellis and McGuire (1993), Newhouse (1996), and
others have pointed out that provider contracts may limit
health care consumption and are alternatives to patient co-
insurance for dealing with patient demand-side moral
hazard.
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prevented by the truthful reporting constraint.
Third, we show that when physicians behave
ethically, in that they would achieve a mini-
mum level of benefit for a patient, the restric-
tion of the truthful reporting constraint can be
relaxed. Fourth, we extend the analysis to con-
sider the effect of competition on insurance-
payment contracts, and find that competition
as a policy design may alleviate the restriction
due to the truthful reporting requirement.

Our work suggests several directions for re-
search. Our paper mainly studied the optimal
design of health plans by insurance and pay-
ment contracts. When extending it to consider
competition as an element of plan design, we
assumed that competition had an unrestricted
structure; a physician was allowed to accept
any patients who chose to enroll. Study of
market structure within a model of the effects
of choice and competition would be worth-
while. Indeed, our unified insurance-payment
framework provides a foundation for the study
of policies at an industry level, such as the
implementation of “‘managed competition,”’
and the design of competition between
conventional insurance plans, health mainte-
nance organizations, and preferred provider
organizations.

We have concentrated on contractual incen-
tives to induce physician effort or quality. As
we have observed at the beginning, existing
insurance and provider contracts far exceed
the complexity of those we have studied in this
paper. For example, managed care, utilization
reviews, service authorization, second-opinion
requirements, gate-keeping, auditing, quality
assurances, etc., are commonly observed in the
health care industry. Our model must be ex-
tended significantly if these arrangements are
to be studied carefully. Nevertheless, our
framework may provide a foundation from
which advances can be made.

We incorporate doctor’s ‘‘ethical”” behavior
into a model of treatment determination and
optimal payment and insurance, but in a sim-
ple way. Other approaches to modelling ethics
or altruism are certainly worth pursuing. Also,
our perfect information assumption may be re-
laxed. Introduction of asymmetric information
between the doctor and patient is a natural next
step. For example, the physician’s cffort may
be interpreted as an information structure. In

SEPTEMBER 1997

the course of diagnosis, the physician receives
a private, informative signal about a patient’s
illness. Whether the physician has an incentive
to reveal this information truthfully and
whether she can be motivated to exert costly
effort to obtain a more informative signal (in
the sense of Blackwell) clearly would depend
on the reimbursement mechanism. Our prelim-
inary findings indicate that there is a conflict
between motivating costly efforts for inform-
ative signals and the truthful revelation of
those received signals, resulting in distortions
in equilibrium allocations.

APPENDIX

PROOF OF PROPOSITION 3:

Consider a feasible policy a’, 87, ', &', and
7', and suppose that ° > —c. Let us now con-
sider another feasible policy e, 8, 6, ¢, and 7,
where —¢ = 6 < §', and 8 = B'. We show
that the patient’s expected utility is higher un-
der this alternative policy.

First, observe that since 6 < ¢', from the
comparative statics of 7 on 6, (8), we know
that 7 < 77, and that £ > ¢’. Second, we argue
that o < «'. Consider the first-order derivative
(with respect to 6) of the left-hand-side ex-
pression of (9):

or , . 0e
C%-FG(S)aé

ek sG] >0
—H Cr.,. 8)77 >

where the equality follows from substituting
(8) for the partial derivatives with respect to
6, and the inequality from the fact that 6’ >
—c, and from the first-order condition for &
in Program A by setting (7) to zero: §'F,, +
G'(e")F,. = 0. Hence, the left-hand side of
(9) falls when &' is decreased to 6. Now
since 4 = ¢, it must follow that o« < a’ as
well.

Third we prove that F(7, &) > F(+', ').
By hypothesis, we have

_F.(r.e)  F.(7,¢)
F.(t.¢€) F(r, &)’
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From (4), we have dff = F,.dv + F..de. Fur-
thermore, if de > 0, we have

F..
(14) F.dr + F..de > ? [F.dr + F.de].

Since S8 remains constant, we have

limF,(r—7)+ F. (e —&')=0,
o

where the derivatives are evaluated at (7, g).
Hence, from ( 14 ) and the facts that e > ¢’ and
F.. < 0, we know that

limF{r — 7)Y+ F.(e —&')=0,
a— &'

again with the derivatives evaluated at (7, &).
So for 6 > 4' and sufficiently close to ¢', we
have F(7, ) > F(7', ¢'). In summary, we
have shown that the expected utility has
increased.

Thus, comparing the two feasible policies,
we know that both the total premium and the
patient’s ex post copayment have decreased,
while the benefit has increased. Hence, ¢ <
—c¢ cannot be an equilibrium. It foliows im-
mediately that the patient’'s equilibrium ex-
pected utility must be less than EU*".

PROOF OF PROPOSITION 4:

From the hypothesis of the proposition and
from Proposition 3, 4* = —¢. Thus, the con-
straint 6 = —c binds. Suppose that the con-
straint 6 = —ccanberelaxedto d = —¢c — A,
A > 0. Because the constraint 6 = —c¢ binds
in the third best, for a sufficiently small A, this
relaxation, together with a feasible policy £ =
B* a=, &>, and 7=, must yield an equilibrium
with a higher expected utility for the patient,
say EU=, than EU*. Moreover, by the same
method in the proof of Proposition 3, we know
that with 8 = —¢ — A and 8 = B8*, the £ and
7= belonging to 2 must yield F(7=, %) >
F(r*, ¢*) = F*, That is, because the iso-
benefit line (F(7, &) = F(7*, £*)) is steeper
than the reaction function (F.(7, £) = 3), the
point (7%, *) (implemented by 6 = —¢ and
£*) must yield a lower level of benefit
compared to (7, £) (implemented by 6 =
—c — A and £*).

The same argument is shown in Figure 3.
Here, the original equilibrium (without the
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ethics constraint) is the tangency point be-
tween the reaction function F, = £ and the
indifference curve —c¢ — G(e). If the con-
straint 6 = —c¢ could be relaxed, then setting
6 = —c¢ — A would implement a point outside
2, and would increase the patient’s expected
utility. By hypothesis the isobenefit line F*
is steeper than the reaction function; hence,
6 = —c — A will induce a higher benefit, F=.

We now demonstrate that the patient’s ex-
pected utility must be at least EU= under the
ethics constraint F (7, ¢) = F*. Consider
strengthening the ethics constraint to F (7, €) =
F(7=, ) > F*. Under this stronger ethics
constraint, the policy 8 = 8%, 7 = 7%, & =
£>, and « satisfying (9) yields an expected
utility EL/- for the patient. Thus, the patient’s
equilibrium expected utility must be at least
EU®. Now, when the more stringent ethics
constraint F(r, &) = F(r>, &) > F* is re-
stored to the original F(7, €) = F*, the pa-
tient’s equilibrium expected utility cannot fall.
Thus, under F(r, ) = F*, the patient’s ex-
pected utility must be at least EU= > EU*.

It remains to show that the equilibrium co-
insurance rate must have increased from G*,
First, observe that any ¢ and 7 belonging to
Q and satisfying the ethics constraint F(r,
g) = F* can only yield an expected utility
at most EU* to the patient. Thus, to achieve
an expected utility strictly above EU*, the
equilibrium allocation in the regime with
ethics must be outside the implementable
set. Second, the ethics constraint must bind,
so that the equilibrium allocation must be on
the isobenefit line F( 7, €) = F'* and outside
the implementable set. By the hypothesis of
the proposition, the isobenefit line is steeper
than the reaction function. Therefore, the
equilibrium allocation must lie on a reaction
function corresponding to a higher coinsur-
ance rate.
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