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Abstract

Managed care capitation contracts provide monetary incentives for
doctors to save medical costs while standard health insurance contracts
do not. The paper proposes an alternative model for insurance mar-
kets which is used to analyze managed care contracts. In our model,
households would like to buy insurance for the possible need of a ser-
vice. The distinctive aspect of our model is that providers of service
have privileged information on the most appropriate procedure to be
followed. In the managed care application of the model, doctors are
the providers of the service and through a diagnosis have better infor-
mation of the patient's health condition.

Equilibrium in our model is always constrained eÆcient. A partial
capitation contract arises when both the cost and net bene�ts of treat-
ment are high enough. We show that a capitation contract provides
incentives for doctors: i) to care about the likelihood households will
obtain the good state of nature (altruistic behavior); and ii) to save
medical costs (managed care behavior). Doctors, in this case, choose
less medically eÆcient treatments as they would choose under a stan-
dard health insurance contract. Besides this, household' welfare is in-
creased in comparison to the standard contract. This increased welfare
translates into a revealed preference for the capitation contract.
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1 Introduction

1.1 Managed Care

The standard health economics model usually assumes the existence of asym-
metric information between insurance companies and patients.1 Patients
may know more about their health than insurance companies do and may
tend to use health services more intensively if they have access to a full
coverage. These assumptions generate some of the stylized facts observed
in health insurance contracts, such as the requirement for co-payment and
the supply of partial insurance contracts, even though households typically
are risk-averse, while insurance companies may be risk-neutral.

In the traditional health insurance contract, indemnity plans, doctors
are usually paid per service performed (fee-for-service). In a full insurance
contract, however, patients do not have incentives account for the cost of
service when deciding whether or not they should consult a doctor. Because
of that, they tend to see a doctor more often than it would be optimal.

The moral hazard problem presented in the relation between insurance
companies and patients is solved through a risk-sharing contract.2 Patients
are responsible for a share of the service cost each time they see a doctor.
This share is usually non-linear, having a lump-sum amount, paid at each
visit, plus a percentage of the total expenditure. Contracts may also set
a total amount every year to be paid by the insuree before being able to
make use of the insurance. On the other hand, contracts between insur-
ance companies and health providers (doctors and hospitals) usually simply
establish the payment for services provided. Providers have freedom to
propose needed treatments and there are no monetary incentives to limit
expenditures.

Since the early sixties a steady increase in private health insurance costs
have been observed, going from 3.89 percent of GNP in 1960 to 7.22 in 1990.3

This tendency was one of the motivations for the Health Maintenance Act
of 1973 and some further legal changes in the early 1980s that overturned
existing restrictions on speci�c health insurance contracts. A main moti-
vation for these decisions was to increase competition in the provision of
health insurance contracts by allowing a large set of contracts, especially

1For a survey on health economics literature, see Zweifel and Breyer (1997) and New-
house (1996).

2Arrow (1963) discusses in detail several possible market failures in the provision of
health insurance.

3See Health Care Financing Administration (1998).
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in the relationship among insurance companies, patients and providers of
health services.4

Since the Health Maintenance Act, the typical health insurance contract
has been subject to several transformations not explained by the standard
model.5 A central aspect of these transformations, usually labeled as the
managed care revolution, has been the introduction of risk-sharing contracts
between doctors and insurance companies.6 Since doctors are typically risk-
averse, this introduction suggests the need to provide incentives for doctors
to take into account treatment costs while considering patient health and
choosing the appropriate treatment.

Managed care's main objective is to rationalize the use of health services
and, with respect to contracts with doctors, is characterized by two central
aspects. First, patients have to choose a primary care physician. In order
to have access to any medical service, they must �rst see their primary care
physician, who will then determine the need to further exams or treatment.

Second, insurance companies establish a risk-sharing contract with the
primary care physician, who receives a �xed amount a month per patient,
independently of services provided. Besides that, insurance companies also
establish several funds to provide payments for specialists, hospitals and
exams. These funds are common to a group of doctors, who use them to
pay for their patients ' treatment. Each time a doctor determines the need
for a procedure, the payment is withdrawn from the appropriate fund. If at
the end of the year there is a positive balance in these funds, this balance is
distributed to the doctors in an inverse ratio to the expenditures made by
each doctor. These contracts are usually referred to as partial capitation.7

There are several types of health insurance companies in the managed
care system. They di�er as to the contract o�ered and bene�ts provided.
The most common ones are HMOs (Health Maintenance Organizations),
PPOs (Preferred Provided Organizations) and POS (Point of Service). Be-
sides speci�c di�erences, all types share the basic innovation of managed
care, an insurance contract that shares the risk between the insurance com-

4For arguments in that direction, see Enthoven (1993).
5Brown (1983) summarizes government regulatory impacts on the development of man-

aged care.
6Glied (1999) summarizes the empirical literature on managed care.
7Fee-for-service contracts and salary payments also exist under managed care in some

circumstances (Glied, 1999). Capitation, however, is a major innovation of managed care
and will be the focus of the paper. We later on provide suÆcient conditions for either
capitation or fee-for-service contracts to emerge as the equilibrium outcome. Moreover,
full capitation means that doctors bear all the risk. In our model, capitation is always

partial.
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pany and the doctor.8

Managed care has been successful in controlling expenses and increasing
its market share, displaying not only lower average costs but also lower rate
of cost growth. Luft (1981) estimates that in some cases managed care costs
are 10 to 40% lower than standard health contract costs. Between 1996
and 1997, for example, the cost of a typical HMO contract increased 1.03%
while the typical health insurance contract increased 2.9%.9 Furthermore,
between 1992 and 1997, the managed care market share increased from 51%
to 73%.10 All these results suggest that the risk-sharing contract between
doctors and insurance companies has addressed an incentive problem in the
relation between doctors and insurance companies which ends up reducing
insurance costs and increasing patient' welfare.

There are several controversies whether or not managed care provides an
adequate insurance contract for patients and if contracts are well speci�ed
or not. In several instances, patients complaint about services not covered
or delays in getting treatment. Very often, patients complain that doctors
under managed care do not provide the best medical treatment available in
comparison to that provided by the standard indemnity plan.11

Despite these controversies, however, it remains true that managed care
has reduced health insurance cost growth and provided a service preferred
by households in the sense that its market share has displayed a steady
increase and most patients who choose a managed care contract later on do
not regret the choice, not returning to a fee-for-service contract.12

What are the reasons for the managed care revolution? Why do these
risk-sharing contracts between doctors and insurance companies seemingly
increase overall welfare, leading to this increase in market share? Why are
these incentives to doctors needed? From standard economic theory models,
these risk-sharing contracts tend not to be optimal. Why, then, has managed
care introduced them and why have consumers increasingly preferred these
contracts?

8See Glied (1999).
9There is a controversy on to whether managed care reduces total costs or only se-

lects patients with smaller costs. However, independently of the health cost reduction,
some houlseholds prefer capitation contracts even with complaints about the quality of
treatment. See Glied (1999), Newhouse (1996) and Newhouse, Schwartz, Williams and
Witsberger (1985) for a summary of this discussion.

10See Health Care Financing Administration (1998).
11On the quality of services under managed care, see Miller and Luft (1997). Glied

(1999) summarizes the major �ndings of the literature on the quality of managed care
services.

12See Newcomer, Preston and Harrington (1996).
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There is an extensive theoretical literature that identify some economic
reasons for the appearance of capitation contracts. This literature usually
relies on the existence of adverse selection problems in the relation of the
insurance company with either patients, doctors or hospitals.13 In this case,
capitation may be used as a screening device to select lower risk, or cost,
type reducing the eÆciency of the equilibrium outcome.14

Suppose however that explicit discrimination of patients that need med-
ical care is not allowed and hospitals have access to the same technology.
Why would then a single individual choose a capitation contract? In prin-
ciple, in this case, both the insurance company and the provider of medical
service have access to the same information on patient's health condition at
the time the contract is signed. What would be the reason for a risk-sharing
contract between the insurance company and the provider of medical service
in this case? If the provider is risk-averse this contract would cost more than
a fee-for-service contract.

Furthermore, the adverse selection literature does not seem to address
the problem of treatment choice. One motivation for capitation contracts
seems to be to provide incentives for doctors to choose medical procedures
di�erent than the ones they would choose under a fee-for-service contract.

This question is addressed by Ellis and McGuire (1986) and Rogerson
(1994). In both cases providers of medical services care to some extent for
the patient's welfare. In the �rst paper it is assumed that doctors care
simultaneously for the patient's welfare and hospital's pro�ts. In the sec-
ond, hospitals choose to maximize gross social output.15 The appearance of
capitation contracts in these models, therefore, is associated with a speci�c
assumption about the provider of service utility function.

We propose in this paper an alternative model that generates partial
capitation. However, our model does not rely either on the existence of
providers of medical service with di�erent but unobserved cost technologies
or on an ex-ante asymmetry of information on the patient's health condition.
There is to say, capitation in our model arises even if (i) providers of medical
service have all access to the same technology; (ii) providers of medical
service care only for their income; (iii) both the insurance company and the
provider have the same information on the patient's current health condition
when the insurance contract is signed. Therefore, capitation arises in our

13The basic models used in this literature are variations either of Rothchild-Stiglitz
model or Shleifer's yardstick competition model. See Newhouse (1996).

14See Ma (1994) and Newhouse (1996).
15We refer to the assumption of providers of medical service caring about patient's

welfare as altruistic assumption.
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model even in the absence of selection problems.16

1.2 Asymmetry of information in the health insurance mar-

ket

The paper's main objective is to provide a theoretical model to address
the questions raised by the managed care revolution. The model essential
assumption is the existence of an information asymmetry in the doctor-
insurance company relationship that justi�es the establishment of these
contracts. Suppose, initially, that doctors care about their income and also
about the likelihood of patients being healthy in the future (good state of

nature). We refer to this as the altruistic assumption. Under this assump-
tion, in a fee-for-service contract doctors always choose the treatment that
maximizes the likelihood of the good state of nature. In many cases, how-
ever, the marginal gain from choosing a better treatment, from a medical
point of view, may not o�set its cost, from the patient welfare perspective.
Indeed, the term \best" here has no economic meaning: the best treatment
can actually be very costly and patients may prefer an alternative treatment,
which is less e�ective but cheaper. This result is trivially consistent with the
stylized facts from health insurance markets, in particular the overuse, from
an economic perspective, of exams and treatments if patients are provided
a full insurance system and doctors have a fee-for-service contract.

In order to maximize patient welfare, doctors must take into account
not only the likelihood of the good state of nature but also their budget
constraints. If doctors always choose the best medical treatment irrespective
of its cost, insurance companies anticipate this behavior, including it in the
contract's expected cost. Thus, patients end up paying the cost of doctors'
behavior.

The capitation contract arises naturally in this framework, which pro-
vides doctor incentives to balance the likelihood of good state of nature and
the cost of treatment, since their reward depends inversely on how much
they spend. This simultaneously reduces the expected cost of treatment
and increases the likelihood of the bad state of nature. In an optimal con-
tract, this trade-o� is chosen to maximize patient welfare, restricted to the

16It is simple to see that the trade-o� between eÆciency and selection raised by New-
house (1996) also appears in this model when there are several risk types. Somewhat
surpriensinly, the existence of equilibrium in our model generalizes to the case of adverse
selection in the providers of medical services. This result contrasts with Rothchild-Stiglitz
model. We will deal with that in the sequel of the paper.
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required doctor's incentives. Therefore, in this framework the contract opti-
mally generates three basic aspects of managed care: i) incentives for doctors
to control costs; ii) the optimal behavior of doctors in some circumstances
is not to choose the best medical treatment as they would choose under
fee-for-service contracts; and iii) increased patient welfare, which translates
into a revealed preference for that contract.

The altruistic assumption, however, is very strong. Why would doc-
tors have direct preferences for patients achieving the good state of nature?
We show in the paper that this assumption can be endogenously gener-
ated in many circumstances. First, we construct a simple example where
doctors may be sued and punished in case bad state of nature happens.
The existence of litigation costs leads almost immediately to the altruistic
assumption (defensive medicine).17

The most interesting case, however, which is the focus of the paper, arises
when there is an additional moral hazard problem in the doctor-insurance
company relationship.18 Suppose the quality of the diagnoses performed by
the doctor depends upon an e�ort level which is not directly observable.
That e�ort level may be related with the doctor's e�ort in keeping up with
the medical research literature or the attention he gives to the patient in his
oÆce. In any case, in order to provide incentives for the doctor to choose
high e�ort, the optimal contract must o�er better rewards in case patients
achieve the good state of nature, which generates precisely the altruistic
behavior. In doing so, it creates incentives to use the best medical treatment
independently of its cost. In order to compensate for that behavior, the
optimal contract must also provide incentives for the doctor to take into
account total costs: the doctor's payment must be inversely related to the
expenditures on the patient treatment.

1.3 Insurance markets for specialized service

The model proposed here is quite general and seems to apply to a vari-
ety of circumstances. We consider a model with providers of a service and
households who would like to buy insurance against the chance of having to
use such a service. Providers have access to privileged information on the

17For the evidence that doctors practice defensive medicine, see McClelan and Kessler
(1996).

18Equilibrium in our model exists even if there are di�erent types of doctors and each
doctor's type is private information (adverse selection model). As we show later, contrary
to the Rothschild and Stiglitz (1976) model, in our framework the equilibrium outcome
can be obtained as a solution of a planner's problem, which always has a solution.
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most appropriate procedure to be followed. There is always a chance, how-
ever, that providing the service may not be successful. Suppose households
have access to a full insurance contract that pays for whatever procedure
providers �nd necessary. If providers may be sued in case the procedure is
not successful, or if they are concerned about their reputation, they have
incentives to always propose the procedure most likely to be successful irre-
spective to its cost. In equilibrium, however, insurance companies anticipate
this behavior, which results in higher insurance premiums.

We propose that this asymmetry of information lies at the core of the
managed care revolution. The model's basic features, however, may also be
used to understand several insurance for service arrangements, such as pos-
sible repair of durable goods or �xed assets. A central property of the model
is that a risk-sharing contract between an insurance company and providers
of service may arise every time a household would like to buy insurance for
possible services needed and the provider has privileged information. The

rationale of this contract is to make providers internalize not only households
' desire for a successful outcome, but also the cost of alternative procedures.

In some cases, a procedure with a lower likelihood of success may be chosen
over one with higher likelihood that nevertheless costs more.

Being more precise, we consider a model with three types of parties:
households, providers of a service and insurance companies. Households
have uncertainty about the future need for a service, which a�ects their level
of income.19 Providers, if hired by a household, perform a diagnosis which
provides a signal about which service may reduce the likelihood of a loss of
income due, for example, to the need to buy another good or a worse health
condition. This signal is observed only by the provider of the service. For
each signal there is a procedure that maximizes the likelihood of households
obtaining the good state of nature in the �nal period. Before providing
the diagnosis, however, providers have to choose an e�ort level. High e�ort
levels increase the probability of the good state of nature for every signal
and procedure chosen. There are risk-neutral insurance companies that o�er
contracts to both the providers and households.20

19From the formal point of view, in our model uncertainty on future levels of income is
equivalent to uncertainty on future utility levels. Therefore, the bad state of nature can
be interpreted either as a loss in income or, more generally, as a loss in welfare due to any
other motive, including a health condition.

20We abstain in the paper from the moral hazard problem in the relationship between
patient and insurance company. Such a problem is well treated by the standard model
and it could be easily added in our model without any additional cost, except making the
notation even more complex.
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The paper provides suÆcient conditions for the existence of equilibrium.
In order to induce providers to make e�ort, the optimal contract must spec-
ify higher payments in the good state of nature and thus induce them to
care about the outcome for the household. This last equilibrium property
result is equivalent to the altruistic assumption. The equilibrium outcome
is characterized by a loss of welfare for the household, in comparison with
the �rst-best outcome, due to the need to encourage providers to choose, on
one hand, e�ort, and the least expensive treatment for some signals on the
other. However, the equilibrium outcome is still constrained optimal: given
the asymmetry of information, the market outcome is the most eÆcient
one. Risk-sharing contracts do not always produce an equilibrium outcome
in our model. We show, however, that they do if costs and net bene�ts
from procedures get very high. This result seems to �t particularly well
in the health insurance case, where the growth of managed care has been
increasing precisely while new medical technologies have become available,
new technologies that are simultaneously more expensive and more e�ective
in treating diseases.21

The next section provides a precise description of the model. Section
3 focuses on two leading examples: defensive medicine and risk-neutral
providers. Section 4 describes the optimal contract and summarizes our
central results. In order to simplify the model's interpretation and convey
the central message as a proposal to understand theoretically managed care,
we stick to the health insurance market interpretation of the model where
service providers are labelled as doctors and households are often referred
to as patients.

In the sequel to this paper we will extend the model to a dynamic set-
ting where insurance companies are restricted in introducing contracts with
monetary payments independent of the state of nature. This generalization
seems natural since in several instances one does not observe providers's pay-
ments to be contingent upon the state of nature. In particular, providers
of medical service payments do not seem to depend on whether or not pa-
tients get better after being treated. We show that by allowing companies
to threaten not to renew the contracts, they may still be able to induce
providers to make an e�ort. In this case, however, providers' expected util-
ity must be higher than their reservation level.

21On the increasing cost of new medical technologies, see Glied (1999) and the references
there summarized.
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2 The basic model

Consider a partial equilibrium model with a single commodity, three peri-
ods - ex-ante, interim, ex-post - and three types of individuals: patients,

doctors22 and insurance companies. A patient faces uncertainty about the
initial endowment in the ex-post period: there are two individual states of
nature and the endowment in the second period is strictly larger than that
in the �rst period. We refer to the patient's endowment in state s by Ws,
s 2 fB;Gg. Preference regarding consumption bundles is represented by
a state-independent utility function u : <+ ! <, strictly increasing and
concave in the di�erentiable sense:23

(H1) u 2 C2 and satis�es: i) du > 0 ; ii) d2u < 0. Moreover,

0 < WB < WG

Notice that from the formal point of view, uncertainty concerning future
income levels is equivalent to uncertainty about future utility levels. To see
this equivalence, one has only to allow patient utility to be state-dependent.
Therefore, a bad state of nature can be interpreted either as a loss in in-
come or as a bad health condition that reduces the patient utility. Under
these assumptions of random endowments and strict risk-aversion, the pa-
tient is willing to buy an insurance contract, provided that the price of the
contract is not much higher than the actuarially fair price. The standard in-
surance literature assumes the existence of a �nite collection of risk-neutral
insurance companies, while o�er insurance contracts simultaneously and in-
dependently. The outcome of the model with at least two companies is to
o�er actuarially fair contracts, which are accepted by the patients.

The model proposed here departs from the standard literature by assum-
ing the existence of a third type of individual, whom we refer to as doctor.
A doctor examines a patient and chooses an action, or treatment, in the
interim period that a�ects the patient's probability of the good state of na-
ture. This action is supposed to be perfectly observable, but its e�ectiveness
depends upon a signal privately observed by the doctor.

The time line of the model can be summarized as follows.

22There is no change in the results that follow if the service provider is a doctor or as
an hospital.

23From now on, the symbol d represents the di�erential of the respective function.
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Contracts
o�ered

Choice
of e�ort

Signal
Choice

of treatment

State realized
Contracts
enforced

j j j j j
ex-ante interim 1 interim 2 interim 3 ex-post

In the ex-ante period, contracts are proposed and chosen. The interim
period is divided into three sub-periods. In the �rst doctors choose an e�ort
level. In the second a signal is observed and, in the third, a treatment is
proposed. Finally, in the ex-post period the state of nature is revealed and
contracts are enforced.

To make the argument precise, suppose that in the interim period the
doctor observes a private signal, s 2 [0; 1]. The probability of a signal s is
described by the cumulative probability function F (s) 2 C1, dF (s) > 0 for
every s 2 (0; 1). Without any loss of generality, we assume that F is the
uniform distribution. There are 2 types of actions available for the doctor

A := fa0; a1g

Action i costs ai to be implemented in addition to the doctors' payments,
0 = a0 < a1 = a. Action a0 should be interpreted as the doctor choosing no

action. Given this signal, the probability of the good state of nature for a
patient depends on the action chosen and it is given by � (a; s) for every a.
We assume:

(H2) For each a 2 A the function � (a; �) 2 C2. Furthermore, for every

s 2 (0; 1)

0 > d� (a1; s) > d� (a0; s)

and

0 < � (a1; 0) < � (a0; 0) < 1

0 < � (a0; 1) < � (a1; 1) < 1

Therefore, the higher the signal the lower is the probability of the good
state, and there is a signal s� 2 (0; 1) such that both actions generate the
same probability of the good state of nature

� (a1; s
�) = � (a0; s

�)
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Moreover, for every signal s < s�, action a0 generates a higher probability of
the good state of nature in the second period, while for every signal s > s�

the reverse happens. We refer to the action that maximizes the probability
of the good state of nature as the best action or the best medical treatment.

Before observing the signal, doctors have to choose an e�ort level, e 2
f0; 1g, with associated costs given by

0 = c0 < c1 = c

Let

�0 (a; s) = � (a; s) 2 (0; 1)

be the probability of the good state given a; s and e = 0, and

�1 (a; s) = � (a; s) 2 (0; 1)

be the probability of the good state given s; a and e = 1. We assume that
(H2) holds for each �i and e�ort always increases the likelihood of the good
state of nature. In particular, there exists a uniform diagnosis lag between
e�ort and non-e�ort: making an e�ort is equivalent to observing a more
favorable signal on the patient's health condition. Furthermore, we also as-
sume that the treatment technology has decreasing returns on the signal.

(H3) (i) �(aj ; �s) = � (aj ; s), where � 2 (0; 1), for all j and s;
(ii) the function

d�(a0; s)

d�(a1; s)

is non-increasing.

The second part of assumption (H3) establishes that as the signal in-
creases the marginal gains from treatment with respect to non-treatment
does not increase. Indeed, d� describes the loss in the likelihood of the
good state as the signal increases. Thus (ii) states that this loss cannot be
increasing in no treatment with respect to treatment.

Let v : <+ ! < 2 C2 be the doctor's utility function, concave in the
di�erentiable sense:

(H4) dv > 0; d2v � 0; lim
x!0

v(x) = �1 and lim
x!1

v(x) =1:
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A doctor has a reservation utility denoted by v, where if r satis�es v(r) =
�v then r > 0.

Finally, there are I > 1 principals, or insurance companies, that provide
insurance for the patients and intermediate their relation with the doctors.
We suppose that these principals are risk-neutral. In the ex-ante period they
o�er contracts for the doctors and patients. As in Rothschild and Stiglitz
(1976), we assume that the companies are free to enter or exit the mar-
ket. As we shall see, this assumption implies that in equilibrium, insurance
companies make zero expected pro�ts.

3 Leading examples

In this section we consider two simple examples that provide the basic in-
tuition of our model. The need to provide incentives to doctors to save
on patient's treatment arises when doctors care about the likelihood of the
good state of nature. This care may result either from some exogenous rea-
son (e.g., litigation costs in case bad state happens), or from an endogenous
one. In order to provide incentives to doctors to choose high e�ort levels, the
optimal contract must provide larger payments in the good state of nature
than in the bad state.24 We shall exploit both cases in the simple examples
that follow and then develop a general model for the second one.

In the �rst example, doctors may be punished in case they do not choose
the best medical treatment (defensive medicine). It is shown that in this
case, even without the choice of e�ort, the basic results of the paper carry
over. Punishment, in this case, makes doctors care about the likelihood of
patients achieving the good state of nature and, in the absence of any other
incentive, always to choose the best treatment. The eÆcient outcome, how-
ever, may require doctors not always to choose the best treatment, since its
cost may not compensate the marginal bene�t of increasing the probability
of the good state of nature. The optimal contract, in this case, will o�set
the punishment cost, providing larger payments in case doctors choose no
treatment.

The second example does not rely on exogenous incentives to doctors
to care about patients' good sate of nature. Following our general model,
doctors have to choose a non-observable e�ort level before performing the
diagnosis. In order to provide incentives for doctors to choose e�ort, the
optimal contract must provide larger payments in case the good state of
nature happens. But then, a problem similar to the one discussed regarding

24A second endogenous reason in a dynamic model would be reputation.
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defensive medicine arises: doctors will always tend to choose the best med-
ical treatment available, irrespective of its cost. Once more, the eÆcient
outcome requires the optimal contract to also provide incentives so that
doctors save medical costs by o�ering larger rewards in case they choose no
treatment.

3.1 Defensive medicine

In this section we consider the leading example of defensive medicine. In this
case, doctors may be sued if they do not choose the best medical treatment
and the patient does not obtain the good state of nature. We abstract the
e�ort choice in this example. Let � be the expected cost of being sued and
�(a; s) the probability of the good state of nature given action a and state s.
We assume that doctors' loss in income due to not choosing the best medical
treatment is proportional to the patient loss in the likelihood of the good
state of nature. Let r!j be the doctor payment in case he chooses treatment

j and state of nature ! happens. Let v!j := v
�
r!j

�
be the doctor indirect

utility. The doctor's utility level given a contract r, signal s and choice of
treatment aj is given by

�(aj; s)v
G
j + (1� � (aj; s)) v

�
rBj � � (�(s)� � (aj; s))

�
where � > 0 and �(s) := maxa � (a; s) is the probability associated with
the best medical treatment. Therefore, if the doctor's payments are not
contingent on the choice of treatment, he always chooses the best medical
treatment, that is to say aj so that � (aj ; s) = �(s) for every s.

Let us consider the critical signal where, for a given contract, doctors
change from no treatment to treatment. Suppose doctors always use no
treatment when this is the best medical option, but may also use it when
treatment is best, that is, when s � s�. It is simple to verify that at such a
signal the doctor must be indi�erent between using treatment or not:

�(a0; s)v
G
0 + (1� � (a0; s)) v

�
rB0 � � (�(s)� � (a0; s))

�
= �(a1; s)v

G
1 + � (a1; s) v

B
1

Consider a contract that maximizes patient welfare given the needed
incentives for the doctors. We claim that in an eÆcient contract, payments
must be contingent upon the treatment chosen.
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Suppose the claim is not true and the eÆcient contract does not have
payments contingent upon the choice of treatment, r!0 = r!1 for every !.
It is simple to verify that for each signal s doctors always choose aj so
that � (aj; s) = �(s). Therefore, the critical signal is given by s = s�,
where for s � s� no treatment is the best medical option and for s � s�

treatment maximizes the likelihood of the good state of nature. In this
case, there are no welfare gains for the patient in proposing a contract with
payment contingent in the state of nature. Therefore, if the eÆcient contract
implements signal s�, we must have r!j = r for every ! and j, where v(r) = �v.

The expected social bene�t for this contract is given by

s�Z
0

(�(a0; s)WG + (1� �(a0; s))WB) ds+

1Z
s�

(�(a1; s)WG + (1� �(a1; s))WB) ds

where its cost is given by

r + a (1� s�)

Therefore, if the contract is eÆcient, it must satisfy the following �rst order
conditions:

(�(a0; s
�)WG + (1� �(a0; s

�))WB)� (�(a1; s
�)WG + (1� �(a1; s

�))WB) = �a

Since �(a0; s
�) = �(a1; s

�), we get

0 = �a

But this is absurd since a > 0. This means that an eÆcient contract must
necessarily have payments contingent upon the treatment chosen.

3.2 Risk neutral doctors

In this example we keep all assumptions presented in section 2, including
the e�ort problem, but we assume that the doctor's utility function is given
by v(x) = x: Consider the following problem for the insurance company: to
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minimize the cost of implementing e�ort such that the doctor chooses no

treatment for every signal s � �s and treatment afterwards. Let r :=
�
r!j

�
be the contract. Let V

�s(i)
i (r) be a doctor utility level given a contract r and

with a choice of e�ort level i and a change from no treatment to treatment
at signal �s(i).

V
�s(i)
i (r) =

�s(i)Z
0

�
rB0
�
1� �i (a0; �s(i))

�
+ rG0 �

i (a0; �s(i))
�
ds+

1Z
�s(i)

�
rB0
�
1� �i (a0; �s(i))

�
+ rG0 �

i (a0; �s(i))
�
ds

In order for the doctor to accept this contract r, his utility level must
be higher than the reservation utility:

V
�s(i)
i (r) � �v (IR)

Moreover, the doctor will make an e�ort if the associated utility is not
smaller than that of no e�ort:

V
�s(1)
1 (r) � V

�s(0)
0 (r) (IC1)

Finally, if the doctor changes from no treatment to treatment at signal
�s, then following condition holds:

rG0 �
i (a0; s) + rB0

�
1� �i (a0; s)

�
= rG1 �

i (a1; s) + rB1
�
1� �i (a1; s)

�
(CT )

It is easy to see that the cost of implementing the change of treatment
at s with e�ort is

c1(s) = r + c+

1Z
�s

ads

while the cost with no e�ort, c0 (�s), is simply r.
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Suppose social bene�t is maximized when doctors choose e�ort, but as
in the previous example, the optimal contract is not contingent upon the
choice of treatment, �r! = 0 for every !. Then, from (CT ) either the
critical signal is s = s� where

�(a0; s
�) = � (a1; s

�)

or �rj = 0 for every j, in which case the same equation must hold and
doctors choose no e�ort. Suppose s = s�. Since the eÆcient outcome
requires e�ort, �rj 6= 0 for some j.

Since at the eÆcient outcome, social net bene�t must be maximized as
in the previous example, we must have

0 = d

0@ 1Z
�s

ads

1A = �a

Therefore, once more at the eÆcient outcome with e�ort, contracts must
specify payments contingent upon the choice of treatment. In the next
sections we show that the eÆcient outcome is actually supported as an
equilibrium in our model and that this basic result holds true for the general
model. We will also provide several equilibrium properties associated with
the optimal contract. Moreover, contrary to the standard moral hazard
model, where the risk neutrality of the agent and the principal leads to no
agency cost (i.e., the �rst best allocation is attainable), here this is not true
because the signal is non observable.

4 The optimal contract

4.1 Incentives and contracts

We start the analysis of the model investigating the principal's o�ers to the
doctor which specify how much he receives in the interim period. As we will
see later, in the optimal contract it may be optimal to make the doctor's
payments contingent upon the action chosen. Let rwj be the payment the
principal makes to the doctor if he chooses a treatment j 2 f0; 1g and nature
chooses w 2 fB;Gg. As usual in the literature of moral hazard problems, we
will write the contracts in terms of the doctor's utility, i.e., v!j := v(r!j ): We

also de�ne the power of the contract: �vj = vGj � vBj and �v! := v!1 � v!0 ,
which give the incentives for e�ort and choice of treatment.
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Suppose a doctor has accepted a contract
�
r!j

�
, with indirect utility�

v!j

�
. His optimal behavior is to choose e�ort and, for a given signal s,

treatment aj. His expected utility in the interim period, V i
j (s), is then

given by

�i (aj ; s) v
G
j +

�
1� �i (aj; s)

�
vBj = vBj + �i (aj ; s)�vj:

De�nition 1 We say that a contract
�
v!j

�
generates a partition

�
Si
0; S

i
1

�
if

the treatment aj is chosen in Si
j given the e�ort i, i.e.,

aj 2 argmax vBj + �i (aj ; s)�vj if and only if s 2 Si
j:

If s is a signal where the doctor changes the treatment, then

V i
0 (�s)� V i

1 (�s) = 0

which gives

�vB � �i (a0; s)�v0 + �i (a1; s)�v1 = 0:

Moreover, if s represents the change from no treatment (j = 0) to treat-
ment (j = 1), then

� d�i (a0; s)�v0 + d�i (a1; s)�v1 � 0:

The doctor's ex-ante expected utility under the contract
�
r!j

�
, given the

partition
�
Si
0; S

i
1

�
and e�ort i, V i, is:

Z
Si
0

��
1� �i (a0; s)

�
vB0 + �i (a0; s) v

G
0

�
ds+

Z
Si
1

��
1� �i (a1; s)

�
vB1 + �i (a1; s) v

G
1

�
ds� ci

which reduces to

V i = [�i � ��i0]v
B
0 + ��i0v

G
0 + [1� �i � ��i1]v

B
1 + ��i1v

G
1 � ci

where �i :=
R
Si
0

ds is the ex-ante probability that the doctor chooses no

treatment given a choice of e�ort i and
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��ij :=

Z
Sij

�i (aj ; s) ds

is the ex-ante probability of the good state given treatment aj and e�ort i:
There are I > 1 principals, or insurance companies, that provide insur-

ance for the patients and intermediate their relation with the doctors. We
suppose that these principals are risk-neutral. In the ex-ante period they
o�er contracts for the doctors and patients. If an insurance company o�ers

a contract r =
�
rwj

�
to the doctor and d = fdB; � dGg to the patient and

both accept the contract, then its expected pro�t will be

Li(r; d) = GidG � (1�Gi)dB � f
�
�i � ��i0

�
rB0 + ��i0r

G
0

+
�
1� �i � ��i1

� �
rB1 + a

�
+ ��i1(r

G
1 + a)g

where Gi = ��i0 + ��i1 is the probability of the good state given the contract
and e�ort i. If the patient accepts this o�er, his utility is then given by

U i(r; d) =
�
1�Gi

�
u (WB + dB) +Giu (WG � dG)

Suppose the remaining companies, k 6= j; o�er contracts (rk; dk). The pa-
tient would accept the company's o�er if

U i(r; d) > U i (rk; dk) for all k 6= j

and

U i(r; d) > U i(0; 0)

since the patient may always reject all o�ers. It is simple to verify that
we can restrict the optimal contract analysis to contracts that smooth pa-
tient consumption across the states of nature (the wealth of the patient is
constant).

On the other hand, the company should guarantee the participation of
the doctor and induce the doctor's optimal e�ort.25 A doctor who decides

25If the service provider is an hospital, the utility function is linear and the (IR) con-
straint is the break-even condition and everything is the same.
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to make an e�ort i will accept this contract if the participation constraint
is satis�ed:

�ivB0 + (1� �i)vB1 + ��i0�v0 + ��i1�v1 � ci � �v (IR)

and it induces e�ort i if it satis�es the incentive constraint:

�ivB0 + (1� �i)vB1 + ��i0�v0 + ��i1�v1 � ci �

��ivB0 + (1� ��i)vB1 + ���i0 �v0 + ���i1 �v1 � c�i (ICi)

where �i 6= i is the alternative e�ort. The insurance company may also
decide not to hire a doctor, in which case it can simply o�er r = 0 and the
probability of the good state of nature is given by � (null contract). In this
case, the household just buys a full insurance contract that transfers income
from the bad to the good state of nature and does not go to see a doctor.
Let R be the set of contracts that satisfy the incentive and participation
constraints and the null contract.

Therefore, besides the participation constraint on the doctor, there will
also be incentive constraints that must be satis�ed. In the next subsections
we deal with this problem. What is important here is that the decision for
e�ort is taken after he signing the contract and before the doctor sees the
signal in the interim period.

4.2 Existence of equilibrium and welfare

De�nition 2 An equilibrium is a collection of strategies f(ri; di)ig where

for each i the contract (ri; di) solves the problem

maxLi (r; d)
subject to U (r; d) � U (rk; dk) ; k 6= i

U (r; d) � U (0; 0)
r 2 R

Consider an alternative model with the same primitives, except that the
doctor's e�ort level and signal are observable. In this case one can easily
verify that at equilibrium doctors receive a �xed payment independently of
the treatment chosen, which provides them the reservation utility. Insurance
companies, due to competition, make zero pro�ts and the optimal signal is
chosen to maximize patient welfare. As usual, this outcome is referred as
Pareto optimal or �rst best.
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In our model, on the other hand, in some cases insurance companies
have to induce doctors to choose a high e�ort level by o�ering more rewards
in case the good state of nature occurs. These incentives induce doctors
to choose the most expensive treatment when that choice maximizes the
probability of the good state of nature. However, this behavior may not
be optimal from the patient perspective since he also takes into account
the e�ect on the expected cost of treatment and, therefore, the expected
cost of insurance. Therefore, the optimal contract may also have to provide
incentives for doctors to choose the least expensive treatment in some cases
by reducing their payment in case they choose the more expensive (and more
e�ective) one from the health perspective.

We will show later, however, that the market outcome is always con-
strained optimal, in the sense provided below. Let R0 denote the set of
incentive-compatible contracts which can be contingent upon both the ef-
fort level and signal observed by the doctor, and let Rs be the set of incentive
compatible contracts which can be contingent only upon the signal observed.
The set R0 corresponds to the model with perfect, symmetric information,
and Rs correspond to the standard moral hazard model.

De�nition 3 We say that an equilibrium f(ri; di)ig is �rst-best if there is

no other contract (r; d) satisfying

r 2 R0; L(r; d) � 0 and U (r; d) > max
i

U (ri; di)

We say that an equilibrium f(ri; di)ig is second-best if there is no other

contract (r; d) satisfying

r 2 Rs; L(r; d) � 0 and U (r; d) > max
i

U (ri; di)

Finally, we say that an equilibrium f(ri; di)ig is third-best, or constrained

optimal, if there is no other contract (r; d) satisfying

r 2 R; L(r; d) � 0 and U (r; d) > max
i

U (ri; di)

Proposition 4 Every equilibrium is constrained optimal.

Proof. This proposition follows immediately from the continuity of the
insurance companies problem and the assumption that I > 1. Suppose there
is an equilibrium which is not constrained optimal. Without loss of gener-
ality, suppose the patient is buying a contract from insurance company 1
while insurance company 2 is o�ering an alternative contract which provides
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the same or less indirect utility for that patient. Since the equilibrium is
not constrained optimal, there is an alternative contract, fdB ;�dGg, that
strictly increases the patient welfare and satis�es the incentive restrictions.
By charging fdB ;� (dG + ")g , where " > 0 is small enough, this contract
still strictly increases the patient welfare and provides strictly positive prof-
its. Since company 2 was making zero pro�ts in trading with this patient,
it strictly prefers to o�er this contract rather than the one it was o�ering
originally. Therefore, the proposed set of strategies was not an equilibrium,
which is the desired result.

Proposition 5 There is an equilibrium.26

Proof. The set R is trivially bounded below and closed. Moreover,
it always contains at least the null contract. It is simple to see that if a
sequence frng satis�es krnk ! 1, then any contract (rn; dn) that satis�es
non-negative pro�ts must also satisfy kdnk ! 1. But then, for n large
enough, U (rn; dn) < U(0; 0). Therefore, we can restrict the set of feasible
contracts to a bounded set and there is at least one third-best contract. It
is simple to verify that this contract must provide zero pro�t. Consider the
following strategy pro�le for the insurance companies. All companies o�er
this third-best contract, and patients buy only the contract from company
1. The existence of a pro�table deviation for any company would violate
the very de�nition of third-best contract. Therefore, the proposed pro�le is
an equilibrium.

4.3 When no e�ort is the eÆcient outcome

We start the analysis of the optimal contract studying the case when no
e�ort by the doctor maximizes the social welfare. In this case the optimal
contract between doctors and insurance companies has no incentive. More
precisely:

Lemma 6 If i = 0 is the constrained optimal e�ort, then the optimal con-
tract is constant: r!j = r for all ! and j. In this case, the equilibrium is

�rst-best.

26We can show an analogous result here even if there are di�erent types of doctors
and each doctor's type is private information (adverse selection model). The existence is
guaranted by a generalization of proposition 4, which shows that an equilibrium outcome
can be obtained by the solution of a monopolist agency problem where the principal is
the patient and the agent is the doctor.
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The lemma is proved in the appendix.
By lemma 6, the doctor is indi�erent when he is going to change the

treatment. In this case we assume that, in equilibrium, the doctor chooses
what is the best for the patient.

It is easy to see that the cost of implementing the change of treatment
at s with no e�ort is

c0(s) = r +
�
1� �0

�
a

By assumption H2; the best way to implement this change is to use the
partition: S0 = [0; s] and S1 = [s; 1] :

Lemma 7 If there is a constrained optimal equilibrium with no e�ort and

the optimal change of treatment s0 is interior, then

�
�
a1; s

0
�
� �

�
a0; s

0
�
= a= (WG �WB)

Reciprocally, if s0 2 [0; 1] satis�es the equation above and no e�ort is con-

strained optimal, then s0 is the optimal change of treatment.

Proof. It is enough to show that such s0 satis�es the �rst order condition
of the following program:

max
s2[0;1]

WB + (WG �WB)G
0(s)� c0(s)

which is straightforward. Observe that assumption (H2) implies that the
program above is a concave one.

4.4 The optimal contract with e�ort

In order to analyze the optimal contract with e�ort, we follow the usual
approach of the �rm problem. We start by considering a cost minimization
problem and later we discuss the optimal contract problem. The cost mini-
mization problem in this case is as follows. Suppose an insurance company
would like to provide incentives so that doctors choose high e�ort, and to
change from no treatment to treatment at �s. De�ne the inverse of the doc-
tor's utility function: h = v�1: The minimum cost to induce this behavior is
given by the following optimization problem:
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c1(s) = min
fvwj g

�1h
�
vB0
�
+ (1� �1)

�
h
�
vB1
�
+ a
�
+ ��0

�
h
�
vB0 +�v0

�
� h

�
vB0
��

+��1

�
h
�
vB1 +�v1

�
� h

�
vB1
��

s.t

8>>>><>>>>:
�(�1 � �0)�vB + (��0 � �0)�v0 + (�1 � �1)�v1 � c

�1vB0 + (1� �1)vB1 + ��0�v0 + ��1�v1 � c � v

vB0 +�(a0; s)�v0 = vB1 +�(a1; s)�v1

(IC1)

(IR)

(CT )

where the last constraint is the �rst order condition of the change of treat-
ment at �s. 27

The next lemma shows that doctors choose no treatment for every signal
s � �s and choose treatment for an interval [�s; ŝ]. If ŝ < 1, then they choose
no treatment for every signal s � ŝ. In particular, once they switch from
treatment to no treatment, they never switch back to treatment.

Lemma 8 In the cost of implementation program, the optimal contract in-

duces just one change to treatment: no treatment below s and treatment from

s up to some signal ŝ. If ŝ < 1, then doctors choose no treatment for every

signal larger than ŝ.

This lemma is proved in the appendix.
The next lemma shows the cost minimization problem has a solution

and at the solution the (IR) restriction must be binding and thus doctors
receive the reservation utility. Moreover, we also show that at the optimal
contract doctors always receive more in the good state of nature than in the
bad.

Lemma 9 For each s, there exist a solution for the program above and the

(IR) constraint is binding at the optimal contract. Moreover, we must have

�vj � 0 for j = 0; 1.28

The lemma is proved in the appendix.

27The equality is substituted by � (�) when s = 0(1):
28Actually, a close investigation of the next lemma's proof shows that one must have

�v1 � �v0 and �v
B � 0.
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De�nition 10 We say that a contract r is fee-for-service if payments

are not contingent on the treatment chosen, �r! = 0 for every !. We say

that r is capitation if payments are contingent upon the treatment chosen,

�r! 6= 0 for some !. If doctors do not always choose the best medical
treatment, we say that incentives are provided to doctors to control

costs.

The next lemma shows that the optimal contract with e�ort is capitation
and it also describes when the optimal contract requires e�ort. We shall use
the following notation. Let s� be the critical signal where treatment becomes
the best medical option, given that the doctor has chosen to make an e�ort.
Therefore, the best medical option is to choose no treatment for every signal
s � s� and to choose treatment thereafter (returning or not to no treatment
again).

Lemma 11 i) Suppose doctors are strictly risk-averse and the optimal con-

tract is capitation. Then equilibrium is not second-best.

ii) Suppose at the optimal contract doctors choose e�ort. The optimal con-

tract is capitation and �s > s�.
iii) If both WG�WB and a are large enough and their ratio, (WG �WB) =a,
is also high enough, then in the optimal contract doctors choose e�ort.

The lemma is proved in the appendix.
The fee-for-service contract corresponds to a contract with payment not

contingent upon the treatment chosen. From the (CT ) condition, given such
a contract doctors will always choose the best medical treatment, irrespec-
tive of its cost. As we saw in the last section, if no e�ort is constrained
optimal, then the optimal contract is fee-for-service and the equilibrium
outcome is actually �rst-best.

Suppose, however, it is optimal to make e�ort. From the previous lemma
and once more from (CT ), the optimal contract will specify a critical signal
�s such that: doctors choose no treatment before �s and treatment for an in-
terval after that. Given that �s > s�, there is an interval of signals such that
doctors do not choose the best medical treatment. However, since equilib-
rium in our model is always constrained optimal, the welfare associated with
this capitation contract is larger than that associated with a fee-for-service
contract.

These results can be summarized in the following main proposition of
the paper.
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Proposition 12 If no e�ort is constrained optimal, then the optimal con-

tract is fee-for-service and the equilibrium outcome is �rst-best.

If both the cost of treatment, a, and its bene�t, (WG�WB), are high enough

and bene�t over cost, (WG�WB)=a, is also high enough, then e�ort is con-
strained optimal. Moreover, in this case:

i) the optimal contract is partial capitation;

ii) doctors are provided incentives to control costs and, hence, do not always

choose the best medical treatment;

iii) patient welfare is strictly larger under capitation than under fee-for-

service.

In our model partial capitation (e.g., risk-sharing contract) arises when
e�ort is constrained optimal. One should notice that the conditions speci�ed
in the proposition seems to �t the stylized facts from the health insurance
market: the increased market share of capitation contracts is associated with
the appearance of new medical technologies that are simultaneously more
expensive and more eÆcient in the treatment of several health conditions,
which is precisely a suÆcient condition in our model for capitation contracts
to be optimal, provided that the bene�t over cost ratio is also high enough.
In this case, at the optimal contract doctors are provided incentives to save
medical costs and do not always choose the best medical treatment available
for every signal. In particular, for some signals doctors choose no treatment
when treatment provides a better likelihood of the patient achieving the good
state of nature. Besides this, patient welfare is higher under capitation than
under a fee-for-service contract. Therefore, even though the best medical
treatment is not always chosen under capitation, patients, in this case choose
this contract instead of the standard fee-for-service contract.

5 Concluding remarks

The paper proposed a contract model to analyze managed care and, specif-
ically, capitation contracts. The model's basic feature is the existence of
an asymmetry of information between insurance companies and patients,
on one side, and the providers of service, doctors, on the other. Doctors
know more about patients' health than insurance companies or even pa-
tients do. Moreover, doctors success in treating patients may depend on a
non-observable e�ort level. In order to induce doctors to make an e�ort,
optimal contracts have to provide larger payo�s in case patients achieve the
good state of nature. However, this induces doctors to disregard treatment
costs, leading to high insurance premiums and reducing patients' expected
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welfare. Therefore, in equilibrium, it may be optimal to provide incentives
to doctors to save medical costs through capitation contracts.

We have shown that fee-for-service contracts might be �rst-best. This
happens when the gains from providing incentives for doctors to choose e�ort
are not high enough. However, in many cases the �rst-best is not attainable
and, in particular, capitation contracts may provide larger patient expected
utility than fee-for-service contracts. Capitation contracts arise precisely
when both the bene�ts and costs from treatment are high enough: in this
case, patients bene�t from high e�ort but also from doctors not always
using the best medical treatment. This equilibrium property seems to �t
the stylized facts from the growth of managed care and capitation contracts
in the US.

Since capitation contracts are not �rst best, the transition from fee-for-
service to capitation contracts, due for example, to a change in the treatment
technology, may generate a sense of loss in eÆciency. However, every time
the optimal contract is capitation, it welfare dominates a fee-for-service con-
tract. Even though they are not �rst-best, capitation contracts, whenever
they arise, are the best possible outcome, maximizing patient welfare subject
to the given information asymmetry.

6 Appendix

6.1 Proof of lemma 6

The proof follows immediately from the concavity of v. Consider the contract:

rj =

 
1�

�ij
�i

!
rBj +

�ij
�i
rGj j = 0; 1

r = �ir0+(1� �i)r1

We have:

Li(r; d) = GidG�(1�Gi)dB�[r + (1� �i)a] and

V i � v(r)� ci

We showed that every contract is dominated by a constant one, since the (IC0)
is satis�ed for this contract. Thus, (rwj = r) is the least expensive contract. �
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6.2 Proof of lemma 8

Consider the function T :
�
��1

0 (1);��1
0 (0)

�
! [0; 1], T (p) = �1(�

�1
0 (p)),

which gives the trade-o� between the probability of the good state of nature given

treatment and no treatment. Observe that by (H2) and (ii) of (H3), this function
is increasing and concave.

Remark 13 Restriction (CT ) in the cost minimization problem

�vB��(a0; s)�v0+�(a1; s)�v1> 0

is satis�ed if and only if

(� (a0; s) ;�(a1; s))2 H+:= f(x; y) 2 <2;�vB��v0x+�v1y > 0g

Since the graph of T is an increasing concave curve, the hyperplane H crosses the

graph of T twice at most.

Suppose that at the optimal contract the hyperplane H crosses the graph of T
at another signal bs 6= �s. There are two cases to consider:

(i) �s > bs, and treatment is chosen on [0; bs] [ [�s; 1] and no treatment on [bs; �s].
(ii) s > bs, and no treatment is chosen on [0; bs][ [�s; 1] and treatment on [bs; �s].
We claim that case (i) cannot happen.

Since H crosses the graph of T at bs and �s,

�v0
�v1

=
�(a1; �s)��(a1;bs)
�(a0; �s)��(a0;bs) > 0

It is simple to verify that one cannot have �vj < 0 for both j's. Thus, �vj � 0
for all j29. By the second order condition of change of treatment (see the inequality

after de�nition 1),

�d�(a0;bs)�v0+d�(a1;bs)�v1 � 0

and thus

d�(a0;bs)
d�(a1;bs) � �v1

�v0

and by (ii) of (H3) the function on the left-hand side is non-increasing. If doctors

strictly prefer treatment for some signal s, we must have

�d�(a0;s)�v0+d�(a1;s)�v1 > 0

29See the IC1 constraint in the proof of lemma 9.
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which implies

d�(a0;s)

d�(a1;s)
>

�v1
�v0

:

But this is impossible for any s � ŝ, which is the desired contradiction. �

6.3 Proof of lemma 9

By (i) of (H3), �1��0 = (1��)�1 and ��j� ��j = (1��)��j ; j = 0; 1: Thus,

using (CT ), (IR) and (IC1) are equivalent to

vB1 +[��0��
1�(a0;�s)]�v0 + [��1+�

1�(a1;�s)]�v1�c� �v � 0

[��0��
1�(a0; s)]�v0+[��1+�

1�(a1;�s) ]�v1�
c

1� �
� 0

Observe that we can easily construct a contract that satis�es (CT ). We can also

�nd �vB such that (IC1) is true and (CT ) is preserved. Finally, we can choose

vB1 to satisfy the (IR). It is also easy to see that (IR) constraint is binding with

the optimal contract.

Suppose the problem has no solution. Then, there is a sequence rn such that

c(v(rn)) is a strictly decreasing function. If rn has a convergent subsequence with

limit r � 0, then it is easy to verify that r would solve the minimization problem,

which contradicts the assumption. Thus, taking a sub-sequence if necessary, there

are j and ! such that r!j ! 0. By (IR), there must exist !� and j� such that

r!
�

j� !1. But then c(v(rn))!1, which is the desired contradiction.

By (IC1), �v0 and �v1 cannot be negative at the same time. Moreover, if

they have opposite signs, the derivative of the (CT ) condition

�d�(a0; s)�v0 + d�(a1; s)�v1 � 0

implies that �v0 � 0. We now prove that �v1 is also non-negative. Suppose

this is not the case. Then, by the �rst order condition associated with the choice

of treatment, doctors change from no treatment to treatment at a single signal.

Moreover, under (IR); (IC1) is equivalent to

vB1 � �v � c�
1��

Thus, the cost of implementing program c1 (�s) with just one crossing is:

min�1h
�
vB0
�
+(1� �1)

�
h
�
vB1
�
+a
�
+��0

�
h
�
vB0 +�v0

�
�h
�
vB0
��

+��1

�
h
�
vB1 +�v1

�
�h
�
vB1
��
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s.t.

8><>:
vB1 + [��0 � �1�(a0; s)]�v0 + [��1 + �1�(a1; s)]�v1 � c� �v � 0

�v �
c�

1� �
� vB1 � 0

�vB ��(a0; �s)�v0 +�(a1; �s)�v1 = 0

(IR)
(IC1)
(CT )

Taking the Lagrangian derivative with respect to vB0 , v
B
1 , �v0 and �v1, we

get respectively

�1h0(vB0 ) +
��0(h

0(vG0 )� h0(vB0 )) + �3 = 0 (1)

(1� �1)h0(vB1 ) +
��1(h

0(vG1 )� h0(vB1 ))� �1+�2��3 = 0 (2)

��0h
0(vG0 )� �1[

��0��
1�(a0; s) ] + �3�(a0; s) = 0 (3)

��1h
0(vG1 )� �1[

��1+�
1�(a1; s) ]� �3�(a1;s) = 0 (4)

where �1 � 0; �2 � 0 and �3 are the Lagrange multipliers of (IR); (IC1); and
(CT ), respectively. The equations (3) and (4) are equivalent to

h0(vG0 ) = �1(1� �1�(a0; s)
��0

)� �3
�(a0; s)

��0

h0(vG1 ) = �1(1 + �1�(a1; s)
��1

) + �3
�(a1; s)

��1

Thus,

(�1�h
0(vG0 ))

��0

�(a0; s)
= �1�1+�3= (h0(vG1 )� �1)

��1

�(a1; s)
,

which implies that

h0(vG0 ) > �1 > h0(vG1 ) or h
0(vG1 ) > �1 > h0(vG0 )

when h0(vG0 ) 6= h0(vG1 ): Moreover,

vG0 > vG1 , h0(vG0 ) > h0(vG1 ), �1�1 + �3 < 0:

From equations (1) and (3) above we get, after a few manipulations,

(�1 � ��0)h
0(vG0 ) = (�1 � ��0)h

0(vB0 )� (�1�1 + �3)

�
�1�(a0; s)

��0
� 1

�
Suppose vG0 > vG1 . Since �1 � ��0 > 0, �1�1 + �3 < 0 and �1�(a0; s)� ��0 <
0, we get h0(vB0 ) > h0(vG0 ) and so vB0 > vG0 . But this contradicts �v0 � 0.
Therefore, vG0 � vG1 .
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Notice that (CT ) is equivalent to the equality of a convex combination of

fvB0 ; v
G
0 g and of fvB1 ; v

G
1 g, which implies that the intervals [vB0 ; v

G
0 ] and [v

B
1 ; v

G
1 ]

must overlap. Thus, vB1 < vG0 � vG1 or, in particular, �v1 > 0. The proof is

then complete. �

6.4 Proof of lemma 11

(i) The fact that any equilibrium where doctors choose e�ort is not �rst best follows

from the standard moral hazard model. In that model, since signals are observable,

�v! = 0. Under capitation, however, we must have �v! 6= 0 for some !. The

result then follows from doctors' risk aversion.

(ii) We have to show that if with the optimal contract doctors choose e�ort,

then �v! 6= 0 for some ! and in this case �s > s�.
If this is not true, then vG1 = vG0 =: vG, vB1 = vB0 =: vB and �v1 = �v0 =:

�v. We also use a similar notation for the contract r. From (CT ) we have

(� (a0; s)��(a1; s))�v = 0

and thus either �v = 0, in which case doctors choose no e�ort by the previous

section, or

�(a0; s)= � (a1; s)) �s = s�.

By (CT ), in this case there is just one change from no treatment to treatment

at s = s�. From the proof of lemma 9, at s = s�, the (CT) condition implies that

vB1 < vB0 : Using the envelope theorem we get the following derivative of c1 :

h(vB0 )� (h(vB1 ) + a) + � (a0;s)
�
h
�
vB0 +�v0

�
� h

�
vB0
��

��(a1;s) [h
�
vB1 +�v1

�
�h
�
vB1
�
]� (�1�

1+�2)(�d� (a0; s)�v0+d� (a1; s)�v1< 0

since �1�
1+�2 > 0, and the derivative of (CT ),�d�(a0; s)�v0+d�(a1; s)�v1,

is positive.

Since the derivative of social bene�t at s� is zero, s� can not be the unique

second-best change of treatment. Moreover, we must have �v! 6= 0 for some !.
Therefore, if e�ort is constrained optimal, capitation is the optimal contract and

�s 6= s�.
We claim that vB1 < vB0 ; for s 6= s�: We have to consider two cases:

(1) s > s�. We have �(a1; s) > �(a0; s) and consequently

�(a1; s) v
G
1 + (1��(a1; s))v

B
1 > �(a0; s) v

G
0 + (1��(a0; s))v

B
0 (�),
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which is absurd by (CT ).
(2) s < s�: We have �(a1; s) � �(a0; s) and consequently the lottery

frB1 ; r
G
1 ; 1��(a1; s) ;�(a1; s)g strictly stochastically dominates (in the �rst or-

der sense) the lottery frB0 ; r
G
0 ; 1��(a0; s) ;�(a0; s)g. This implies the inequality

(�) again.
Therefore, we have that the derivative of c1 is negative. Since the derivative of

bene�ts is negative if and only if s > s�, at the optimal contract we must have

s > s�. 30

(iii) Observe that, for the contract de�ned in (i), the (IC1) and (IR) con-

straints give:

�v =
c

(1� �)(���0 +
���1)

and vB�v �
c�

1� �
.

From proposition 7, the fee-for-service contract has an expected cost given by:

cf = �r +
�
1� sf

�
a

where sf = s0 is the optimal signal under a fee-for-service contract, and its bene�ts

are given by

bf=WB+(WG�WB)
�
��f0+��f1

�
where �

�
a1; s

f
�
� �

�
a0; s

f
�
= a= (WG �WB). Therefore, s

f is increasing in

a= (WG �WB).
The cost of the contract de�ned in (i) is:

cc= rB+(1� s�)a+ (��
�
0+

��
�
1)�r

and bene�ts, on the other hand, are given by

bc=WB+(WG �WB)
�
���0 +

���1
�

Thus, capitation will be implemented if bf � cf < bc � cc, i.e.,

(WG�WB)
�
���0���

f
0+

��
�
1���

f
1

�
> rB�r+

�
sf�s�

�
a+
�
���0+

��
�
1

�
�r.

Therefore, sf < s� if a= (WG �WB) is small enough and the strict inequality

holds provided that a and (WG �WB) are large enough relative to�r, and rB�r

since
�
���0 � ��f0 +

���1 � ��f1

�
w (1� �)

�
���0 +

���1
�
> 0. �

30Observe that in this case there might be two changes of signals and the La-
grangian that was presented above is just for one change of signal. However, it is
immediately veri�able that the inclusion of the other (CT ) does not change the
result.
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