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1 Introduction

Health care spending constitutes 17% of GDP in the US, and the share of spending coming from
low-value, or minimal benefit, services has been estimated to lie between 20% and 30% of total
spending (Berwick and Hackbarth, 2012; Institute of Medicine, 2010). Relatively little attention
has been paid to low-value care contracting, and high-volumes of these procedures can accrue to
significant economic magnitudes.

Why do countries end up paying for low-value services and what can optimal contracts do to
contain this spending? ‘Low-value’ services are those which give little to no marginal benefit to
patients, i.e. ‘flat-of the curve’ medicine. One can hardly argue that there is no inefficient overuse
of health care services in the US and Europe, at least to some extent, and low-value services are
certainly a part of the story. While much of the literature has debated whether ‘flat of the curve’
medicine explains variations in health care spending (Fuchs, 2004; Chandra and Staiger, 2007), or
inefficiencies (Abaluck et. al., 2016; Kyle and Williams, 2017; Silver, 2020), the medical literature
seems to agree that there exists a class of services in which the marginal value of care is small

This article studies optimal contracting for ‘flat of the curve’ medicine in a principal agent
framework with altruistic providers. The model is primarily designed to describe services classi-
fied as low-value by the medical literature (weakly positive benefits, but lower than marginal cost),
which typically take place in an outpatient setting (e.g. diagnostic services, physical therapy, eval-
uation and management services) and constitute around $60 billion of Medicare yearly spending.

There are at least two reasons why this contracting problem is important. First, provider pay-
ment contracts seem to be all over the map. Table|l|illustrates the variations in contract form across
services insured by Medicare: some have treatment caps that set upper limits on administered care,
while others issue additional outlier payments for patients that receive unusually high levels of
care Variations in contract form is not just true across types of services, but more broadly, across
insurers for the same class of services. Lack of consensus in contracts suggests that this contracting
problem is not well understood. My theory rationalizes why we might see features treatment caps
on services that have small marginal value at high levels of care, or outlier payments when patient
treatment needs are disperse.

Second, standard procurement contract models that do not account for the special features of
this market may lead to sub-optimal contracting. Since the beginnings of Medicare in 1965, reg-
ulators have been concerned with designing reimbursement policies that compensate providers for
their input costs. Cost and cost-plus reimbursement combined with provider moral hazard quickly
sky-rocketed health care spending, leading to a series of provider payment contract reforms that
targeted incentives so that providers would internalize their marginal costs of care. These reformed
high powered incentive contracts ran into adverse selection problems, as they created incentives for

providers to keep cheap patients and dismiss complicated patients. Cutler (2010) argues informally

See Mafi et. al. (2017), Schwartz et. al. (2014), Coronini-Cronberg et. al. (2015)
ZPrivate insurers use versions of these as well, in addition to contract features like prior authorization, step therapy,
and selective contracting.



Table 1: Expenditures Across Provider Administered Treatments

Prospective Payment Services (based on ex-ante expected treatment costs)

Medicare
Health care Payments 2017 Unit of Treatment  QOutlier
services ($ billions) Payment Caps Adjustment
Acute Inpatient $ 118 Discharge X
Physician Services $69 Service
Outpatient Hospital $51 Service X
Administered Drugs $32 Dose
Nursing & Rehabilitation $ 28 Day of Stay X
Hospice $ 18 Day of Care X
Home Health Care $ 18 60-day episode X
Dialysis $ 11 Single treatment
Outpatient Therapy $8 Service X
Inpatient Rehabilitation $ 8 Discharge X
Long-term Care $5 Discharge X
Inpatient Psychiatric $4 Day of Stay X

Source: MedPAC Payment Basics, 2019.

that insurance and physician cost (plus) reimbursement provide incentives for additional care above
what is optimal.

There are two distinguishing features in this market one has to account for: provider altruism
and unobserved patient heterogeneity. Providers seem to respond to ethical considerations, in con-
junction with financial considerations. Whether motivated by professionalism or the Hippocratic
oath, providers seem to value patient health when making treatment decisions, at least to some ex-
tent, and the empirical literature rejects the hypothesis that providers are pure proﬁt—maximizers
Accounting for heterogeneity is central for the health care setting, and an old idea tracing back to
Arrow (1963): health care affects each patient’s health differently, so health outcomes may look
different for observably similar patients that get the same treatment.

By developing a model of provider contracting that accounts for these two features, I arrive at
three key results. First, failing to account for altruism and reimbursing providers for their costs
creates incentives for inefficient over-treatment: a provider who values patient health and does not
bear the costs of treatment will do too much, and at the expense of higher insurance premiums
(or taxpayers, for a public insurer). Second, covering a condition that includes some patients with
unpredictably higher treatment needs creates incentives for the altruistic provider to treat every
patient at the maximum covered level. Unless contained by a treatment cap, covering high-need
patients inefficiently raises the level of health care administered to everyone else. Third, systems
that pay using global budgets can achieve first best outcomes under two conditions: when health

care costs are observable and contractible, or when the distribution of health care costs is known

3See Chen and Lakdawalla (2019), Chang and Jacobson (2017), Dranove (2012), Roomkin and Weisbrod (1999);
Gregg et al. (2008).



and providers are altruistic. When patients who benefit more from treatment are also more expen-
sive, non-altruistic providers will never have an incentive to give high-need patients sufficient care
because these patients are less profitable.

In this paper, I primarily focus on patient heterogeneity in health benefit from treatment, which
is well suited to describe physician services, nursing, rehabilitation, outpatient therapy, among
others. To illustrate heterogeneity in benefit, consider two patients with Chronic Obstructive Pul-
monary Disease (COPD) and identical medical histories. COPD impairs breathing and gets worse
over time. To mitigate symptoms of COPD, patients can receive treatment of ‘pulmonary rehabil-
itation,” which is an outpatient therapy service that involves time with a respiratory therapist who
guides the patient through a series of physical exercises, breathing retraining exercises, as well as
nutritional counseling.

In this example, the costs of treating both patients are the same: the provider has to sit with
the patient and perform the same exercises. It is also the case that the provider’s ability to improve
patient health is the same across these two patients. Suppose one of the patients has a health
conscious spouse who cooks healthy meals and walks frequently, while the other patient has a lazy
spouse. They can both come in for ten visits and be better off. However, the patient with the lazy
spouse may marginally benefit more from tenth visit. This is because being periodically reminded
to go on walks at therapy may go a long way for the patient who does not have these reminders at
home. The different needs of these two patients begs the question of which payment contract can
cater to both of them.

In a different example, such as psychiatric care for schizophrenic patients, patient service needs
depend on factors beyond diagnosis, such as the severity and duration of the disease, receptivity to
treatment, and social support available to promote treatment compliance. These types of patients
have the distinctive feature that they are heterogenously costly to treat (with some patients requiring
physical restraint and active monitoring), with some of these costs being not contractible. Section
4 generalizes the model to consider such cases, which serves to illustrate the contracting frictions
that arise under imperfect risk adjustment and low altruism.

This article is part of a broader research agenda on the optimal design of provider payments.
Ellis and McGuire (1986) were the first to evaluate the optimality of provider reimbursement con-
tracts in a theoretical framework with partially altruistic providersﬂ Then followed a number of
papers that studied the optimal provider contracting problem under restricted contract forms that
are commonly used by regulators, with features that broadly apply to the inpatient hospital care

setting and acute care services])|

“The model in this paper embeds the Ellis and McGuire model, though is more general, differing in two ways.
The first is patient heterogeneity, as I study an insurer that has one contract for a heterogeneous patient pool, while
they focus on the optimal contract for a provider-patient pair. The second is the contracting objective function. In
their model, there is no ‘loss’ term for provider payments, which means the insurer faces no financial trade-off from a
payment scheme that induces over-treatment.

SEllis (1998) studies provider competition under fixed price (prospective payment) contracts in a model with pa-
tient cost and benefit heterogeneity. Choné and Ma (2011) characterize the properties of optimal payment schemes in
a general theoretical framework with provider altruism and continuous health benefit heterogeneity, and provide ex-



To my knowledge, this is the first article to focus on contracting for low-value services, and
differs from prior work in three aspects. First, I study unobserved heterogeneity across patients and
not providers. Second, providers in my model do not ‘feed on altruism,” and the altruistic portion of
utility does not enter the participation constraint. This less common modeling choice is consistent
with the recent literature on corporate social responsibility or market morality that considers agents
with altruistic preferences (Broccardo, Hart, and Zingales, 2021; Dewatripont and Tirole, 2021).
Third, the generalized asymmetric information in my model describes patients for whom high cost
treatment correspond to significant positive benefits, which has not been studied to my knowledge.

This work also relates to the theoretical study of ethical professional norms, and the design
of optimal incentives under such settings. Broccardo, Hart, and Zingales (2021) study socially
responsible shareholders and their optimal investment strategies. Dewatripont and Tirole (2020)
study market behavior and competition when firms and consumers have ethical considerations re-
garding production (e.g. fair-trade coffee). Besley and Gathak (2005) study firm-worker matching
in the context of non-profit organizations with ethical objectives. Bénabou and Tirole (2006) study
the interaction of incentives and prosocial behavior. Francois and Vlassopoulos (2008) provide a
survey of the various ways the literature has modeled prosocial behavior, and discusses implications
for optimal incentives. Finally, Besley (2020) studies tax-compliance of civic-minded citizens and
the optimal provision of public goods under general citizen preferences. This article differs from
prior work in that it focuses on contracting with a single, ethically motivated, agent in an asym-
metric information environment characteristic of the health care setting. The main new theoretical
result that arises from this setting is that the optimal contract no longer has ‘no distortion at the
top’: incentive rents with ethically motivated agents make it expensive to implement the efficient
action for the unobserved types at either end.

Lastly, this work provides a model that is consistent with the empirical literature, and therefore
draws upon the large body of empirical research that estimates how financial incentives affect care
delivered and patient health outcomes. Evidence suggests that, on average, providers in the U.S.
try to avoid marginally unprofitable patients (Gandhi, 2021; Desai et. al., 2009; Cram et. al., 2008;
Ettner, 1993; Greenlees et. al., 1982; Uili, 1995; Ching et al., 2015; Newhouse,1989), despite
regulations that make this practice illegal. Nonetheless, provider’s care decisions are not entirely
a function of patient profitability, as providers are more likely to deliver unprofitable care when

patients are from low socioeconomic backgrounds (Chen and Lakdawalla, 2019).

amples of parametrizations that illustrate such properties which could be potentially instrumental for structural work.
De Fraja (2000) characterizes the optimal payment contract when providers are heterogeneously efficient and patients
have heterogeneous benefits and costs from treatment. Ma (1994) considers the implications of lump sum contracts
(prospective) and cost reimbursement on quality of the provider and cost-reduction incentives. Jack (2005) charac-
terizes the optimal contract under heterogeneous provider altruism, with non-contractible quality. Malcomson (2005)
studies the problem in a model without provider altruism. Chalkey and Kahlil (2005) study reimbursement contracts
that may condition on health outcomes (in addition to treatment) in a model where patient demand also plays a role in
health care delivered. Maréchal and Mougeout (2004) study the optimal two part tariff when patient costs are hetero-
geneous and providers choose can choose unobservable cost-reducing effort. Gaynor, Mehta, Richards-Shubik (2020)
estimate the optimal contract parameters using structural methods in a setting where providers face heterogeneous costs
of treatment.



The paper will proceed as follows. In Section 2, I present a model for provider reimbursement.
In Section 3, the optimal contract is derived and I show that altruism works against the insurer. Cost
reimbursement is efficient absent altruism, but creates incentives for inefficient over-provision in the
presence of altruism. In Section 4, I consider a generalized version of asymmetric information and
study the implications of provider commitment to treating marginally unprofitable patients. I find
that altruism can work in favor of the insurer, and show that a global budget contract implements
the first best when providers are are sufficiently altruistic, in spite of imperfect risk adjustment. In

Section 5, I conclude.

2 A Model for Provider Reimbursement

The model involves three actors: health care providers, patients, and an insurer. The insurer covers
medical care for his patients by paying providers directly. Patients are passive and always accept

the treatments recommended by their provider.

Patients and health benefit heterogeneity

Patients derive positive health benefits from any level health care, but some patients benefit sub-
stantially more than others from a particular level of care. Consider a health production function
that is everywhere increasing in care, which means that a lot of health care never harms the patientﬂ
(either because providers follow the “do no harm” clause of the Hippocratic oath, or because the
additional health care does not worsen the condition of the patient).

The health production in this model is a good fit for procedures such as diagnostic services,
physical therapy, provider office visits, evaluation and management services, diabetes treatment, or
dialysis (the procedure itself, not the anemia medications given in parallel), for example, because
that patients always weakly benefit from additional care.

The heterogeneous health benefits are known to the provider but not the insurer. The asymmetric
information in the model means that the insurer will know there are two patients with COPD, but
only the provider knows which patient ‘type’ will benefit a lot from 10 pulmonary rehabilitation
sessions. That said, both patients would be better off with 10 visits, per the assumption on the
health function, but it incremental benefit of the patient with the health conscious spouse may just
not be worth the additional costs of care. The unobserved patient heterogeneity (to the insurer) is a
feature of the model that helps explain why two patients with identical medical record may receive
different treatments. That is, even if the insurer collected the best information possible about a
patient, it may be hard to know ex-ante the intensity of treatment needed by any particular patient,

and ex-post whether the intensity yielded enough health benefits to as to justify the treatment costs.

This health production function excludes treatments of the sort studied in Gaynor, Mehta, Richards-Shubik (2020),
where too much treatment harms the patient. This modeling choice echoes the Chandra and Skinner (2012) Type II
and Type III class of treatments, but is slightly more restrictive.



Formally, let the health production function, h(z, #), depend on treatment, z, and patient type,
6, where h describes the dollar value of total health gains from treatment (e.g. value of additional
quality adjusted life-years derived from pulmonary rehabilitation therapy). Treatment x may be
continuous or discrete, and can encompass intensity of services (e.g. Relative Value Unit), level of
treatment (e.g. number of office visits), or probability of major procedure (e.g. catheterization).
Suppose @ is private information, known only to the provider, encoding how much benefit a partic-
ular patient derives from treatment. Think of the high 6 types as patients who get very large benefits

from treatment, at all treatment levels.

Assumption 1 Assume that h(z,0) is increasing and concave in treatment, where h,(z,0) > 0

and hg,(z,0) < 0, YV x; and that marginal health gains from treatment are increasing in 6, so that

hyo(z,0) >0,V .

Cost of treatment

Suppose that the insurer may observe and contract orﬂ the treatment costs incurred by the provider.
Let costs of treatment be given by ¢(x), where costs to the provider depend only on the treatment,

and not on the patient type.

Assumption 2 Assume that costs of treatment c(x) are positive, c(x) > 0, increasing in treatment

and weakly convex, c,(x) > 0 and c,.(x) > 0.

In the baseline model, not allowing the cost function to depend on ¢ means that the wedge
created by asymmetric information will only emerge through the provider’s valuation of patient
health, which limits how much we can decompose the separate effect of asymmetric information
and imperfect altruism. A provider who does not consider patient health in his health care decision
(in addition to financial considerations) will be perfectly indifferent between giving the healthy
patient a low level of care versus a high level of care.

This simplification helps illustrate the distortions that arise with altruism when providers are
(successfully) fully reimbursed for their costs of care. Since the beginnings of Medicare in 1965,
regulators have been chiefly concerned with designing reimbursement policies that compensate
providers for their input costs. Absent altruism, such reimbursement policies should lead to efficient
outcomes because cost reimbursement should make purely financially motivated agents indifferent
between intensive care or non-intensive care. The empirical health literature has also been con-
cerned with asymmetric information on costs, and developing methods to improve and perfect risk
adjustment. This main specification of the model is pedagogically motivated, and is meant to illus-
trate the ‘costs of altruism’ if a world with perfect risk adjustment were feasible. Section 5 extends
the model to the more realistic case of asymmetric information about patient costs, which serves to

illustrate the contracting frictions that arise under imperfect risk adjustment and low altruism.

"While costs of treatment may not be entirely clear to the insurer, in practice, there are some settings where costs
are ‘more’ observable, such as physical therapy, evaluation and management services, or diagnostic services.
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Provider treatment decision

Consider a partially altruistic provider values patient health and profits. Denote the reimbursement
contract by r(x) and costs of treatment by ¢(x). Let a be the ‘altruism’ parameter, which scales the

provider’s valuation of patient health. Assume o > 0. Iﬂ Provider utility from treating patient 6 is
U(x,r) = ah(x,0) +r(z) — c(z).

The parameter « is the marginal rate of substitution between profits and patient health. ﬂ A
provider with a o = 1 will value patient health gains from treatment at exactly their value for the

patient (and for society).

Timing and patient admission decision

The provider knows the patient type at time zero. Suppose that the provider first decides whether
or not to treat the patient, and then chooses the treatment quantity to give. The provider is forward

looking and knows the costs of treatment for each patient when he observes the patient type.
Assumption 3 Assume the provider does not treat the patient if reimbursements are less than costs.

Assumption [3|implies an additional implementation constraint: profits per patient must be non-
negative, r(x) — c¢(z) > 0. The main specification of the model considers contracts with
non-negative profits for two reasons. First, these contracts would be possible under perfect risk
adjustment, and I want to highlight the distortions that arise beyond imperfect risk adjustment.
Second, there is substantial empirical evidence that marginal patient profitability affects health care
decisions on the extensive margin, E and guaranteeing non-negative profits for every marginal

patient ensures a mechanism in which all patient types get seen.

provider chooses
treatment x(6)

Acceptifr > c Altruism o - h kicks in

Provider observes §  Accepts or rejects patient

8Notice that @ = 0 shuts down the asymmetric information in this model. A provider with an o = 0 is perfectly
indifferent between giving high benefit patients too much or too little care. Indeed, the optimal contract when oo = 0
implements first best outcomes.

9The o parameter is the same as in Ellis and McGuire (1986): it is the ratio of the provider’s marginal utilities
between health and profits. Health and profits are perfect substitutes with a slope « for the provider. Other papers
in the literature have applied a more general function on the provider profits component, as opposed to patient health
(Chandra and Skinner 2012; Skinner 2012).

10The patient admission rule is similar to those in models of ‘patient dumping’ (i.e. explicit avoidance of high cost
patients) considered by Ma (1994), Ellis (1998), and others, which have focused on how fixed price contracts affect the
composition of patients receiving care.

"1Gandhi (2020), Desai et. al. (2009), Cram et. al. (2008), Ettner (1993), Greenlees et. al. (1982), Gruenberg and
Willemain (1982), Uili (1995), Ching et al. (2015), Newhouse (1989).



Assumption [3|also implies an effective ‘participation constraint” which differs from the provider
incentive constraint. The assumption mirrors those in other models of agents with altruistic or
other-regarding preferences in different settings, such as Broccardo, Hart, and Zingales (2021), De-
watripont and Tirole (2021), or Besley (2020). Similar to how the utility of consumption increases
with past consumption in the Becker and Murphy (1988) model of addition, one can argue that the
altruistic component of utility is nonexistent prior to the two parties entering a relationship. More
broadly, ensuring non-negative financial payoffs could facilitate organizational cohesion within an
organization where agents have heterogeneous altruistic preferences. Hansmann’s (1998) work on
not-for-profit organizations argues that when firm has a collection of owners, divorcing the rights
of firm control from the rights to appropriate the firm’s earnings can facilitate the formation of such
an organization. That is, agreement on financial payoffs may facilitate the formation of the orga-
nization, but financial consideration need not guide the activities that the organization undertakes
once it is formed if its owners have general preferences.

In this health care setting, providers tend to practice in groups or affiliate to medical institutions,
where bottom line profits appear to be a crucial component of organizational cohesion. Providers
and hospitals must pay bills and cover costs and remain in operation; when reimbursements are
insufficient, they shut down. Even when we consider critical access hospitals or charity care, the
government must typically step in and subsidize these institutions for their losses in order to keep
them in operation. Legally, there are various laws and regulations that make it difficult for providers
to ‘fire’ a patient. One could view this under a more behavioral angle and argue that, once the
provider accepts a patient, he becomes invested in the patient’s health and this warm-glow valuation
of health ‘kicks in’ for the consequent treatment decisions.

Finally, this modeling choice is convenient in the characterization of social optima. In particular,
it allows one to use the standard contract theory characterization of first best while circumventing
‘double-counting’ in models of altruism. Modeling altruism is effectively like turning this into an
externality problem, where the agent’s actions affect not just his own utility, but also that of some-
one else. There is an extensive theoretical literature in environmental economics that studies similar
problems while keeping the standard formulation of the participation constraint. Why the departure
from standard? Unlike pollution externalities, where the social cost of an action is the sum of the
private cost and the cost on other people, having altruistic providers does not make the value of
the treatment any greater than what it already was. Similarly, the value to society of an organiza-
tion’s charitable activities will not be the sum of the intrinsic valuation of all prospective owners
plus the value of the activity itself. Nonetheless, one can hardly argue that altruism will not enter
the owner’s decision making process at the time of choosing the charitable activity. Therefore, by
excluding the altruistic component from the participation constraint, one can characterize social op-
tima as the actions that maximize social value, subject to the agent’s participation constraint, while

simultaneously studying the implementable action space under altruistically motivated agents.



Insurer’s problem

Consider a public insurer who chooses a provider reimbursement contract to maximize a social wel-
fare function (SW F’). The insurer values both patient health, net of reimbursements, and provider
profits, but not the ‘warm glow’ altruism component, with relative weight € [0, 1) on provider
proﬁts One can think of n as the social welfare weight on provider profits. Since providers
are generally on the right tail of the income distribution, and social welfare weights are inversely
proportional to income, a public insurer may place lower weight on provider profits (relative to
patients).
Let the SW F be given by

patient surplus provider surplus
SWF h
= - T r—c
~—~ ~—~ +n ( )

value of provider

rofit
treatment  payment p

There are a couple of advantages of the ST F' proposed hereE] First, it embeds the contracting
objectives of previous papers in the literature, which have taken the opted for either » = 0 or 1.
The contracting objective in Ellis and McGuire (1986) corresponds to n = 1, as their goal is to
attain optimal treatment quantities when providers are imperfect agents, but the notion of ‘saving’
reimbursement dollars is beyond the scope of their paper. Private insurers may be thought of as
having an n = 0, trading off achievable health outcomes against the full implementation costs of
those outcomes. Since the provider requires incentive rents to implement higher health outcomes,
a private insurer may optimally choose lower health outcomes. A public insurer, conversely, may
value giving the provider profits (perhaps because it encourages people to become doctors). The
second advantage is that it provides a continuous measure by which the public insurer could value
provider profits, providing a flexible framework to accommodate the preferences of a particular
regulator.

Suppose the government does not observe patient type and can only contract based on the ob-
served treatment cost. The reimbursement contract, (z), is chosen to maximize the S F, taking
into account that providers choose treatment according to their objective U (x, r). For expositional

ease, [ will suppose there are only two types of patients—a very responsive patient, 6y, and a less

12Notice that the set of 1 excludes n = 1. This is a technical assumption, which I make deliberately: an insurer
with n = 1 will only care about implementing treatments that maximize health gains net of provider treatment costs,
independent of how costly implementation is. In other words, reimbursement ceases to be part of the objective function
and thus is not uniquely determined. If we think making payments is costly, whether it be because they come from
tax-payer dollars, or correspond to patient insurance premiums (both outside of the scope of this model), n cannot be
equal to one.

13 Another possible SW F' formulation could have included a loss term on payments per the shadow cost of public
funds, per Laffont and Tirole (1993). Others including De Fraja (2000), Jack (2005), and Malcomson (2005) have
included such term in their welfare specifications. While these models yield interesting comparative statics, I stay
away from including the term here because, in my model, it would imply that the social costs of treatment are greater
than just the cost of the treatment. That is, the insurer would worry about making the provider internalize the costs of
distortionary taxation, in addition to the costs of treatment, adding an additional dimension of welfare distortion to the
model which detracts from the main points of the paper.

10



responsive patient, f;—and later show that the results generalize to the /N type case. Let there be
share 7 of patient type H, and (1 — ) of patient type L. In the two type case, the provider treat-
ment decision implies two incentive constraints (/C)’s, and the timing assumption implies two
participation constraints (PC')’s. The government’s problem is to choose (7, 71 ) according to the

following program.

max y(h(wn, On) = i +n(re — clen))) + (1 =) (W@, 0p) —rp +0(re = c(z1))) (1)
s.t. ah(zp,0p) +rp — c(xp) > ah(ey,0L) + 1y — c(zy) (ICL)

ah(xy,0y) +ry — c(ry) > ah(xp,0g) + 1y — c(xr) (ICH)

ry —c(zg) =20 (PCL)

rg —c(rg) >0 (PC H)

3 Altruistic Providers Give Too Much Low Value Care

The efficient allocation gives each type the level of care at which marginal health benefit equals
marginal cost. The first best is not sustainable in the second best because providers have an in-
centive to over-treat the patients whose efficient level is low: altruism implies that low marginal
value care accrues positively to the provider objective function, and cost reimbursement impedes

providers from internalizing the costs of their low-value care.

3.1 The efficient level of care

In the first best, the planner solves the problem without the incentive constraints. The two participa-
tion constraints bind, and reimbursement is exactly equal to cost. This can be easily seen by looking
at the planner’s problem; since the objective function will be strictly decreasing when 1 < 1, the
two participation constraints bind. The first best treatments hence set marginal health benefit of
treatment equal to marginal cost, h, (277, 0) = c,(x"B). Given the assumptions on h(x, ) with
respect to 0, the first best level of treatment is always increasing in the type. As seen in Figure|l} the
first best treatment level for the high type, denoted by =57, is greater than the first best treatment
level for the low type, denoted by z1'Z.

However, the first best is not sustainable in the second best when the government must take into
account the incentive constraints. At cost based reimbursement, the provider’s objective is simply
the health production function scaled. Since the treatment levels are increasing in type, and h(zx, 6)

is increasing in x,

5P > 2t — ah(xp,01) +rp — () ¥ ah(xpy,01) +ry — c(an) (ICL)
—0atFB —0atFB

so (ICL) is violated at the first best. When we try to sustain the first best, we end up with the

11



h(x, 6)

Figure 1: First Best Treatment Levels

provider over-treating the low type. This is suggestive that, in the second best, the contract will
have to give rents to the provider for treating the low type at an appropriately lower level.

The altruistic provider in this model will always have an incentive to give more treatment than
is socially optimal: more treatment always improves the health of the patient, and the participation
constraint of the provider effectively subsidizes costs of treatment to zero. In the COPD example,
the models says that the respiratory therapist will want to see the patient for as many hours of
respiratory therapy as he can give: he gets positive utility from the small marginal health gains of
the patient, no matter how small, without bearing any of the health care costs.

This result may seem surprising— one might expect, ex-ante, that altruism should work in favor
of the insurer, and not against. The reason we get over-provision here is cost reimbursement. To my
knowledge, few articles have made this point. Mougeout and Naegelen (2013) in an article written
in french arrive at a similar conclusion, but other work has been more concerned about imperfect
measurement of cost than with the implications of cost reimbursement for low value care.

Altruism, combined with asymmetric information, is the source of the wedge between the in-
surer and the provider in this model. By giving the provider a profit which exceeds the value of
the marginal health gains for patients that need less treatment, however, the insurer can create a
financial incentive for the provider to treat the low type at a lower level. By giving a profit on low
levels of care, the insurer can contain overall health care supply.

A first concern in implementation is therefore whether the provider’s incentives are aligned with
the insurer objectives. Lemma [I] shows that this is indeed the case—the altruistic provider has an
incentive to give high types more treatment than low types, and the first best treatment levels are

monotonic in the type.

Lemma 1 The two incentive constraints jointly imply monotonicity, and therefore any incentive

compatible contract must give a higher treatment level to the high type, relative to the low type.
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Proof. Adding (IC H) and (IC L) and rearranging terms shows that x;; > x; must hold, given

that h,(x, #) is increasing in 6 by assumption. Otherwise, we would get a contradiction.

ah(xp,0p) +rp —c(xp) > ah(xg,0L) +ry — c(xg) dCL)
ah(zy,0p) +rg —cleyg) > ah(xr, ) + 1L — c(xyp) (IC H)
= h(zw,0n) — "L, 0n) > h(rg,0L) — h(xr,0r)

3.2 Distortion at both ends: A new efficiency vs incentive rents trade-off

The optimal contract does not implement the efficient level of treatment for either type. This result
differs from the standard Mussa and Rosen (1978) price discrimination model with asymmetric
information, where one would expect one type to be distorted (due to incentive rents) and the other
type to get the efficient (first best) allocationEf] Altruism distorts the efficiency versus incentive
rents trade-off by making efficient allocations more expensive to the principal: he has to dissuade
the altruistic provider from doing too much low value (but marginally beneficial) care.

Since the provider over-treats the low type when we try to sustain the first best, the insurer’s
problem is about designing incentives that keep the provider from over-treating. By pushing down
the treatment level of the high type, and pushing up the treatment level of the low type, the temp-
tation to over-treat can be mitigated. This is exactly what the second best contract ends up doing.

The following proposition formalizes this result.

Proposition 1 The optimal contract distorts treatment levels for all types: high types get less treat-

ment and low types get more, relative to their first best levels.

Proof. Consider a modified problem that has only (/CL), (PCH), and a monotonicity con-
straint, ;7 > xp. 1 will solve this problem instead, and then show its solution coincides with that
of the original problem.

The Binding Constraints: In the modified problem, (PCH) must bind; otherwise, one could
reduce ry by € > 0, which would increase the SW F by (1 — n)e > 0 while still satisfying all
other constraints. So it will be optimal to reduce 5 until (PC H ) binds.

Similarly, (IC'L) will also bind at the optimum. If it didn’t bind, we would have r;, > c(x) +
ah(xy,0r) — ah(xy,0r), and one could reduce 77, by € > 0, still satisfy all the constraints, and
increase the SWF by (1 — «)(1 — n)e > 0. Therefore, the payments must be ry = ¢(zy) and
rp = c(xp) +ah(zy,0) — ah(zy,0r). These two binding constraints imply that 7y = ¢(x ) and
rp = c(xp) + ah(zy,0r) — ah(xp, 0r).

4If o = 0 and the private information entered through the cost function as well, the model would be identical
to the standard non-linear pricing problem with asymmetric information from Mussa and Rosen (1978). Makris and
Siciliani (2013) study a two type model with provider altruism and asymmetric information in the cost function, and
they similarly find that oo > 0 implies an optimal second-best contract with distortion at both ends.
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Verifying the solution coincides with the original problem: We have to check that (/C'H) and
(PCL) are satisfied at the solution. (PCL) is satisfied since r, has a payment premium above

cost, positive by monotonicity. That is, r, = c¢(z) + ah(zy,0r) — ah(xr,0.) > c(xr). Turning

J

-~

>0
to (IC'H), we can evaluate it at the (ry, r.) to obtain that,

Ozh(l‘H,gH) — ah(mL,QH) Z Oéh(ZEH,gL) — Oéh(IL,HL)

= ah(ry,0f) +ry —clry) > ah(rr, 0y) + rp —c(xr) . (ICH)
————— ———
=0 =ah(zy,0r)—ah(zr,0L)

Characterizing the solution: Suppose that in equilibrium, xy > 2 with strict inequality;
we can characterize the treatment levels implemented by the optimal contract via the first order

conditions of the S F with respect to the treatment levels.

0SWF 1 —
=0 = he(za, 0) — co(wm) = (1 — n)—Lahy (v, 01) @
TH Y
o SWF
o, =0 =: he(xp,0r) — cx(xp) = —(1 — n)ahy(xr,0r) (M2)

The left hand side would be zero at the first best treatment levels. Since partial of the S F' with
respect to zy is positive, the right hand side of (1.1) is positive, meaning that the x5 which solves
the first order condition is less than the first best 252, Via a parallel logic, the 27, which solves the
first order condition (1.2) is greater than the first best z7'Z.

If the first order conditions (1.1) and (1.2) yield equilibrium z’s such that xy < x, then the
solution is NOT characterized by these two conditions. The only way to satisfy the two incentive
constraints and the monotonicity condition is by setting xry = z; = xp, where xp denotes the
‘pooled’ treatment level. The optimal xp will be such that average health gains are maximized.
That is

xp € argmax h(xp,0y) + (1 —y)h(zp,0r) —rp +n(rp — c(x))
which is maximized at vh,(zp,0n) + (1 — ¥)h(xp,0) = cu(zp), and rp = c(xp). Clearly,
both types are distorted from their first best levels, with the high type getting less, and the low type
getting more.

]

Since, the provider has an incentive to over-treat the low type, as he derives positive utility
for the small marginal health gains (and at no private cost in a world of » > c¢), reducing the
gap in treatments reduces marginal health gains from over-treating the low type, mitigating the
‘temptation’ to over-treat. Incentive rents required to keep the provider from over-treating make
the first best levels too expensive to implement.

Notice that « is close to zero gets us closer the first best because it shuts down the asymmetric
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information distortion. The baseline model is designed to illustrate the interplay of altruism with
asymmetric information before introducing the additional complications that occur at low levels
of altruism. When « is near zero, the provider does not care: he is indifferent between giving
low types a lower or higher treatment level. Unless there is some other source of information
asymmetry between the provider and the insurer, such as in patient treatment costs, the no altruism
case corresponds to a situation with symmetric information. Absent asymmetric information, the
insurer can always condition the contract on # and implement first best treatment levels for all
patient types using pure cost reimbursement, which is how we get first best outcomes.

Figure [2]shows graphically the distortion on both types. As 7 gets close to one, we get closer to
first best: the more the planner values provider profits, the less he minds giving incentive rents to
the provider. Since the contract can implement first best treatment levels, the only reason to distort
second best quantities is the large incentive rent required, particularly for providers with high «. In
fact, for any 1 < 1, the larger the «, the farther we get from first best.

hy(x,0)

///’/] |
-
x; FB *
L xL

Figure 2: Optimal Contract Implemented Treatments, Unpooled

What about pooling? Since the optimal contract pushes treatments across types closer together,
it could be the case that these treatment levels overlap. The proposition below provides a sufficient
condition for when the treatment levels do not overlap: very large relative health gains for the high
type. It is worthwhile for the insurer to pay the incentive rent when the dollar value of health
gains from the high types getting higher treatment are sufficiently greater than the cost of paying
the incentive rent. Conversely, when the high types do not benefit, health-wise, that much from
additional treatment, it becomes optimal to implement a pooling solution.

Proposition 2 A sufficient condition for the optimal second best contract to NOT pool all types is,

hao(z, 05) > (1 +(1- n)%) ha(z,01) )

Proof. Proof: Suppose that (2)) holds. Since the cost function across types is the same, we can

order the solutions to the first order conditions (1.1) and (1.2), relative to each other. Rearranging
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(1.1) and (1.2) to that they both equal c,(z), it follows that the equilibrium treatment level of x

will be larger than the equilibrium treatment level for x, if

]_ _
he(zs, 05) — (1 — n)T”ahx(xH, 0n) > ho(21.00) + (1= n)ahg(er,0r).

Vv
> ~~ d =cg(x,) from condition ((1}2)
=cg (@ g ) from condition (1}1) @

By rearranging terms, one immediately obtains condition . ]

The pooling solution implements a treatment level at which average marginal health benefits
equate to marginal cost. Pooling is more likely when the share of high types, v, is small, as condi-
tion ([2)) becomes harder to satisfy. Intuitively, the result makes sense: if there are not many patients
that need high levels of treatment, then the insurer will cater the contract to the patients who need
less. Notice that at lower levels of 7, it becomes more likely that we are in the pooling solution:
since the size of incentive rents depends on the difference in health gains across types, a large dif-
ference implies that the insurer needs to give higher profits to the provider on the low type. The
less the insurer values provider profits, the less likely he will be willing to pay for a contract that
implements a separating equilibrium. Similarly, if « is large, it is more likely we are in the pooling
solution. For high «, the incentive rents need to be larger to sustain the separating equilibrium;
a contract that implements a separating equilibrium will only be worthwhile to the insurer if the
health gains accrued from the high type are sufficiently large.

The properties of the second best contract illustrated in the two type case also generalize to the
case with [V types: there is distortion for all types, with under-provision of care for the highest type,
and over-provision for the lowest, relative to the first best levels. I refer the reader to the Appendix

for a detailed derivation of the optimal contract, and for the formal proofs of these results.

3.3 Continuum of types: Optimal treatment caps

When patients have widely disperse treatment needs, treatment caps and outlier payments arise as
optimal ways of insuring this patient pool. This subsection involves the study of the continuum
of types case, as adding types amplifies the asymmetric information problem between the insurer
and the provider. The additional insight of this case is that adding types with disproportionately
higher efficient levels of care makes it more expensive to insure all the types below, exacerbating
the trade-off between efficiency and incentive rents.

Suppose we are again in a world where reimbursements must be greater than or equal to cost
for each patient. Consider a condition like low back pain, where treatment needs for observably
similar patients may be very different, with some patients requiring 10, 20, or 30 visits to the
physical therapist before they start to see significant improvements, while others may take only 5
visits to see the substantive portion of the health improvement due to physical therapy. If the insurer
cannot tell ex-ante which patient is which, and can only choose how much to pay for x total visits

in a year, choosing to cover the care of the most complicated patients means that the reimbursement
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contract must cover 30 visits in a year. The temptation for the provider then becomes treating all
patients with 30 visits: the patients who get better after 5, 10, or 20 visits all benefit (slightly) from
coming in for 30 visits. Again, the problem is that the health benefits for the 5, 10, and 20 visit
patients from coming in 30 times are not large enough to justify the cost of 30 visits.

The main tension for the insurer dealing with a continuum of types thus comes from the highest
level of x covered. The optimal contract will cater to the 30 visit patient only when the value in
health gains for that patient type is disproportionately large. Otherwise, the optimal contract will
have pooling at the top: there will be threshold patient type, 6, above which all patients receive
the same treatment amount, zr.

To provide some intuition, consider first going from two types to three. In the two type case, the
reimbursement contract had to pay an incentive rent on the low type in order to keep the provider
from over-treating him. Adding a third type at the top means that now the provider will want to
treat types 1 and 2 at the level of the highest type. While the incentive rent on type 2 will look a
lot like the incentive rent on type L in the previous section, the incentive rent on type 1 will have to
be larger. This is because adding types to the right also means that the lowest type always benefits,
health wise, from receiving the treatment level of the highest type.

More formally, suppose now that there is a continuum of patients types on an interval 6 €
[0,0]. In general, the only set of reimbursement contracts which are consistent with the incentive
compatibility constraints must have declining profits in type. This is because a provider who values
patient health and does not bear the treatment costs already has an intrinsic motivation to over-treat.
By giving large rents on the low types, the insurer dissuades the provider from over-treating at the
highest covered level.

In the continuum of types case, the optimal second best contract (derived in the appendix),
pools types above the threshold 6. All types 6 > O receive a fixed treatment quantity, x, and not
more, because the contract does not allow the provider to choose treatment levels above xp. The
provider is not be on his first order condition for types above 67 under this contract. The second

best contract pays according to the following schedule:

C(J]T) , for 0 Z QT

r(z*(0)) =
c(x*(0)) + ah(xr,0) — ah(x*(0),0) |, for b < Or.

Just as in the two type case, the insurer disincentivizes the provider from over-treating low
types by giving him incentive rents. If profits were constant across types, or even increasing, the
provider would have both an intrinsic motive and a financial motive to over-treat. This would result
in everyone receiving the maximum treatment level covered. Hence, for a reimbursement contract
to implement treatment levels that are lower for the low health benefit patients, and higher for the
high benefit patients, it must give declining profits in the unobserved type.

The threshold type, 67, crucially determines how expensive it is to insure everyone else. The

dispersion in the unobserved patient heterogeneity is the key driver of higher insurance costs. In
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order to disincentivize the provider from treating the 5 visit patients for 30 visits, the reimbursement
for 5, 10, and 20 has to give an incentive rent. It would be cheaper for the insurer to reimburse only
for 5 visits, so that all patients receive only 5 visits, but it may not be worthwhile to do so if the
value of health gains of the 30 visit patient are large.

By pooling types at the top, the insurer can reduce the costs of insuring everyone else because
he only has to disincentivize providers from treating lower types at type 67’s efficient level, which
can be done with a smaller incentive rent. The maximum treatment level covered by the insurer
will depend on whether the additional unobserved types (who have higher treatment needs) have
sufficiently large health gains. Since treatment is monotonic in the type, a treatment cap xp is
equivalent to choosing a threshold patient type, 67, above which patients get pooled at the same
treatment level.

The size of the treatment cap is determined by equating the average marginal health gains of
types at the top against the magnitude of the incentive rents that the insurer must pay on all types

at the bottom. More formally, we can observe this in the optimality condition for x:

O
dSWF
T
Op 0
average health gains for types abo?er9T (at the capped treatment level) incentive rents ;rlr types below 61

The insurer internalizes that by covering high levels of care (which may be efficient for the high
6 types), it runs into a moral hazard problem with its providers: they will want to treat everyone at
the highest covered level. Absent incentive rents, this insurer would end up paying for every type at
the highest covered level. The incentive rents in the second best contract accrue to a lesser amount
than paying for every type to receive xrp.

In COPD, for example, Medicare has a treatment cap of 36 hours of pulmonary rehabilitation
therapy per patient, per year. For physical therapy, Medicare has a treatment cap of about $2,000
per patient, per year, currently. From speaking to providers of physical therapy, the impression is
that providers are happy to bring in patients for more visits because it can only help. The literature
has already studied treatment caps, usually under the term ‘supply-side limits’, where the insurer
constrains the amount of care that a provider can give. Work by Pauly (2000), for instance, argued
in favor of treatment caps to solve the moral hazard problem on the patient side. My model provides
a slightly more nuanced justification for a treatment cap, rooted in the provider’s ‘altruistic moral
hazard.’

The prevalence of treatment caps in the real world, more generally, can be found in services
that contribute to ‘flat-of-the-curve’ spending when used in excess, such as rehabilitation, nursing,
and outpatient therapy. While caps arise as an optimal second-best solution to contain ‘flat-of-the-
curve medicine,’ they do not implement efficient levels of care for anyone. The problem is still
rooted in the r > ¢ constraint: payments that result in non-negative profits for all types means that

the incentive rents are all relative to the most expensive type, or the type that requires the highest
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level of treatment. Outlier contracts relax this r > c slightly, offering providers ex-post payment
adjustments upon additional documentation that a patient was high need.

When the ‘value’ of health gains for highest type are disproportionately large, the insurer may
want to justify raising the insurance costs of everyone else. If there is an outlier within the hetero-
geneous patient pool who really benefits from higher treatment levels, then the insurer will find it
worthwhile to pay a higher profit margin on all the other types. This is because the value of that
patient’s health from high treatment would be high enough to offset how expensive it is to insure
him within the pool.

The main takeaway from this extension is that the patients with the highest treatment needs
drive up the costs of insuring everyone. The participation constraint in my model is a key driver
of this result: reimbursement must exceed cost for every patient. If the insurer can relax » > ¢, it

becomes less expensive to cater efficient treatment levels to more types.

4 The (first best) promise of global budgets

Suppose it were possible for the provider to commit ex-ante to treat every patient, and did not
change care decisions based on ex-post, per patient, profitability. If the only source of asymmetric
information is patient health benefit from treatment, the optimal reimbursement contract imple-
ments efficient levels of care for all types. This is because the relaxed patient admission constraint
allows for contracts in which providers internalize the costs of their care. However, if patients who
benefit more from high levels of care are also (unobservably) more expensive to treat, the first best
is only achievable when providers are sufficiently altruistic, and the optimal contract has pooling
when providers are not altruistic at all. In all cases, knowledge of the provider’s marginal rate of
substitution between patient health and profits is necessary to implement first best outcomes.

There are two applications where the relaxed participation constraint seems a fitting description
of the world: one is a global budget setting, such as in the payment scheme used in the United
Kingdom. The second is the setting in which the provider does not know the patient type when
deciding to treat or not treat the patient, which could correspond to a condition in which individual
treatment needs are hard to predict, ex-ante. In both of these applications, we effectively go back
to a world of symmetric information in the baseline specification of the model.

Consider an alternative model with a relaxed patient admission constraint where the provider
commits to treat all insured patients as long as average reimbursements are weakly greater than
average costs. That is, consider a situation in which the provider can shut down the clinic if he is
making losses, but cannot turn away an individual patient if reimbursements are below costs, for
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that particular patient. The insurer’s problem is now given by,

max y(h(zm,0n) — c(rn) — (1L —n)(rag — c(zn))) + (1 —¥)(h(zr,0L) — c(zr) — (1 —n)(rp — c(zr)))

TLsT"H

s.t. ah(xr,0n) +rp — c(zr) > ah(xy,0r) +rg — c(zm) (ICL)
ah(xg,0g) +rg —clxg) > ah(xrp,0g) +r — c(zr) (ICH)
Y(rg —clxg)) + (1 —~)(rp — c(zr)) > 0. (PC)

There will be a continuum of optimal contracts, as the incentive constraints will only pin down
the minimum payment wedge between 75 and 7, but there are many pairs (7, r;,) that will satisfy

the participation constraint.

4.1 Getting the first best

The relaxed participation constraint helps the insurer because, by effectively removing the asym-
metric information wedge, the insurer ends up in the first best . Since the provider now accepts
patients based on their expected reimbursements, the information set of the principal and the agent
coincide. The insurer now has a continuum of fee schedules that he can choose from while satisfy-
ing all the constraints. Among such set of fee schedules, the insurer can choose a reimbursement
where the provider bears the costs of treating all patients on the margin, removing the incentive to
over-treat. Now the insurer has contracts within the implementable set with which he can equate

marginal health benefit to marginal cost.

Proposition 3 If the participation constraint of the provider is such that average reimbursements

weakly exceed average costs, then we get the first best.

Proof. As before, treatments must be monotonic in type for the the incentive constraints to jointly
hold. Since the objective is decreasing in payments, we know that (PC') must bind, which pins
down a relationship between 7, and ry. The set of optimal contracts is characterized by pairs of
(rp,rm) that satisty v(rg — c(xg)) + (1 — ) (rL — ¢(xr)) = 0. Since there is no unique optimal
(rr,rm), we can leverage the relationship between (7, ), which is given by v(ry — c(zy)) +
(1 —~)(rp — ¢(xr)) = 0. Internalizing in the relationship of (r.,7x) into the objective function,

we obtain:

Y(ra —clzm))+(1 =) (rp —c(zr)) =0
— (27,2}) € argmax y(h(xy,0n) — c(zg)) + (1 —v)(h(zr,01) — c(xr)).

TL,TH

The program coincides with the solution to the first best problem, which means the monotonicity
condition is automatically satisfied per the assumptions on h. Therefore, any optimal contract will

implement the first best treatments. ®
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Among the many contracts that implement first best treatments, an interesting one to focus on
isr(x;) =t+ (1 —a)c(z;) fori = {L, H}. Tt is easy to see why this contract gets us to the first
best by looking at the provider’s optimization problem. We know that the equilibrium treatment

level for each type 6; is characterized by,

x; € argmax ah(z,0;) +  r; — c(x) = alhg(z;,6;) — co(z)) =0,
- ———
t+(1—a)e(z;)—c(z;)
which coincides with the solution to the first best treatments. In fact, this is the optimal contract in
Ellis and McGuire (1986), as it ‘undoes’ the wedge of imperfect altruism.

Global budgets effectively shut down the asymmetric information wedge in the extensive mar-
gin decision of which patients to treat, and leverage the provider’s private information in the inten-
sive margin decision of how intensely to treat them. The importance of knowing o becomes first
order in this contracting environment.

Independent of whether « is small or large, the first best is always achievable and optimal if
costs of treating patients can be perfectly observed by the insurer, and the insurer knows o. When
a gets small, the optimal contract almost fully reimburses providers costs on the margin. This
suggests that cost reimbursement payment systems would be optimal in a world where providers
are purely profit-maximizing (and perfect risk adjustment were possible!). However, this result

breaks down as soon as profit differences across patients arise in ways unknown to the insurer.

4.2 Introducing unobserved cost heterogeneity

The promise of global budgets breaks under a more general version of the model in which treatment
costs now also depend on patient type, C'(x,#), and high € types are more expensive to treat.
Consider a patient that has a sudden schizophrenic flare up episode, requiring a hospitalization that
may vary in length of stay (i.e. number of days, x). Patients may differ in the severity of their
episode, with some of these patients requiring physical restraint or active monitoring, making them

heterogenously costly to the provider in ways that are not contractible.

Assumption 4 Assume that the patients who are more costly to treat per day also benefit more

from a longer hospital stay. Formally, assume that
hayo(x,8) — Cyr(x,0) > 0.

Assumption 4| ensures that the x that maximizes h(x,0) — C(z,0) is increasing in ¢. This
assumption makes this model different from the one in De Fraja (2000), who also studies unob-
served cost heterogeneity, because he assumes that patients with greater benefit are also cheaper
to treat. Assume that costs are non-decreasing and weakly convex in z, with C,(z,0) > 0 and
Coz(x,0) > 0. Suppose also that Cyp(z,0) > 0 and Cy(z,0) > 0. Figure 3shows graphically
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that the assumption implies that increases in marginal costs across types correspond to even larger

increases in marginal benefits across types.

Al

hx, 0) '

xLFB xHFB x

Figure 3: First Best Treatment Levels under Cost and Health Heterogeneity

Suppose that the provider still agrees to the alternative, global budget, participation constraint:
he commits ex-ante to admit all patients as long as reimbursements are greater than or equal to
costs, on average. For expositional ease, assume that 7 = 0 and consider an insurer that does not
value provider profits in the social welfare function. The insurer’s problem with two patient types
is:

max y(h(zg,0n) —r(zg)) + (1 —v)(h(zL,00) — (1))

THT"L

subject to
Ozh(iL‘H, QH) + T<$H) — C(ﬁH, QH) Z th(l’L, QH) + T({L‘L) — C(ZEL, HH) (IC—H)
Oéh(l’L, QL) + T($L) — C([EL, 9L> Z Ozh(ZL‘H, QL) + 7"(33}[) — C(ZL’H, HL) (IC—L)
A(r(@) = Claem, ) +(1 = 7)(r(21) — Cla,6,)) = 0. (PC-ave)

4.2.1 The case of no altruism

A purely financially motivated provider will only consider the costs of intensive care, without
accounting for the benefits of this care. The incentives of this provider are opposite to the insurer’s
objectives: he will want to give less care to patients who benefit from more because the high benefit
patients are also more expensive.

Consider a provider with no altruism, with an a = 0, so that his treatment decision only takes
patient profitability into consideration. Suppose the high type patient’s efficient level of care is 10
days, and the low type is 5 days. Suppose the costs of the high type are twice the costs of the low
type at any number of days, and suppose that seeing the high type for 10 days costs $100, while
seeing the low type for 5 days costs $25. If the insurer were to offer a contract that pays $100 for 10
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days or $25 for 5 days, the non-altruistic provider will have an incentive to over-treat the low type
at 10 days: he makes a profit of $100 — $50 > 0 by doing so. In the two type case, this provider
will want to give type L a treatment level x, that is greater than xy because patient L is cheaper

to treat at any level. Lemma [2| formalizes this argument.

Lemma 2 Suppose that o = 0. Then, the provider incentive constraints jointly imply that patient

: * *
type Oy receives x3; < 7.

Proof. Adding the two incentive constraints for a provider with o = 0 results in the following

inequality:
C(xr,0n) — Clay,0y) > C(zp,0) — C(zn, 0L).

Since C';p > 0 by assumption, this inequality can only hold for xy < z;. ®

In order for the provider’s incentives to align with the insurer’s, « has to be sufficiently large
so that the provider’s objective values the benefits of giving additional treatment to costlier patients
(the Oy types) The second best contract for a provider with an & = 0 pools treatment levels

across all types.

Proposition 4 When o = 0, the optimal contract pools both types, and they both receive treatment

level such that average marginal health gains are set equal to average marginal costs. That is,
Yhe(zp,0m) + (1 = )he(zp,0) = vCo(zp,01) + (1 — 7)Co(wp, 01).

Proof. Consider a modified problem with less constraints, (PC-avg) and a monotonicity constraint,
ry < xr. We will solve this problem instead, and then show its solution coincides with that of the
original problem.

The Binding Constraints: In the modified problem, (PC-avg) must bind because the objective
function is decreasing in 7z and . Otherwise, one could reduce r by € > 0, strictly increasing
the SWF by (1 —n)e > 0, while still satisfying the monotonicity constraint, x5 < . Similarly,
one could reduce r;, by € > 0 and increase the SWF by (1 — v)(1 — n)e > 0. So it will be optimal
to choose a pair of ry and 7, so that (PC-avg) binds.

The binding constraint implies that yry + (1 —v)rp = vC(zy, ) + (1 —v)C (2L, 0L), so the

problem becomes

max ’Y(h(QTH, QH) — O(Rﬁ}b 9[{)) + (1 — ’7)(h(ZL’L, QL) — C(I'L, QL))

L, XH

s.t. g < xr.

5The assumption on Clg is a key driver of this result. De Fraja (2000) proposes a model with both health and cost
heterogeneity, but assumes that the high benefit patients are also cheaper to treat. In that case, the incentives of the
provider are never contrary to those of the insurer, regardless of the particular level of altruism. However, the modeling
assumption I have made here intends to describe the mental health setting, where the more complicated patients seem
to be the ones who benefit the most from intensive care.
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By Assumption {4} we know that the 2’s which solve the objective are 5% > 2. This means

that the monotonicity constraint will bind at the optimum, xy = x, and we will be at the pooling
solution.

Characterizing the solution: Set vy = x; = xp, where xp denotes the pooled treatment .
The optimal xp will be such that average marginal health gains are set equal to average marginal

costs. That is

’th(ﬂfp, HH) + (1 - ’}/)hx(lﬂp, QL) = ’ny(xPa 9H) + (1 - V)Cx(xPa eL)

Verifying the solution coincides with the original problem: We have to check that (IC'H) and
(ICL) are satisfied at the solution. Since xy = x; = xp, the two (IC)’s will hold trivially with

equality. m

4.2.2 The case of perfect altruism

On the other hand, a provider who values patient health equally to the insurer will always want to
give more care to the high benefit patient, and less care to the low benefit patient. This is because
he will internalize the net benefits of the expensive and the cheap patient.

Consider the case of &« = 1 and the relaxed participation constraint. Continuing with the
numerical example, suppose the benefits for the high type, in dollar terms, are $200 from 10 days
and $100 from 5 days. Suppose the benefits for the low type are $50 for 5 days and $60 for 10
days. If the provider’s aggregate compensation is equal to aggregate costs of treating one low
benefit and one high benefit patient ($100 + $25), he will only look at the marginal incentives
when deciding how long to see each patient for. The net benefit for the high type patient at 10
days is $200 — $100 = $100, which is greater than the net benefit for the high type at 5 days,
$100 — $50 = $50. For the low type, the net benefit at 5 days is $50 — $25 = $25, which is greater
than the net benefit at 10 days $60 — $50 = $10. In general, the optimal second best contract with

an o = 1 provider implements the first best.

Proposition 5 When o = 1, the optimal contract implements the first best.

Proof. Adding the two incentive constraints for an & = 1 provider implies monotonicity in the
treatment levels, x i > x;. The sum of the two incentive constraints is:

h(QZH,eH) — C(IH,QH) — (h(IL,QH) — C(fEL,eH)) Z h(xH,GL) +T(£CH) — C($H79L> — (h(IL,QL) — C(IL,QL)).

By Assumption treatment levels (z g, x 1) satisfying this condition are monotonically increasing
in type 6, so the incentive constraints jointly imply that z; > x.

Consider again a modified problem with the aggregate participation constraint and a mono-
tonicity constraint, zy < .

The Binding Constraints: In the modified problem, (PC-avg) must bind because the objective

function is decreasing in 7y and . Otherwise, one could reduce ry by € > 0, strictly increasing
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the SW F by v(1 —n)e > 0, while still satisfying the monotonicity constraint, xyy < z. Similarly,
one could reduce 7, by € > 0 and increase the SWF by (1 — v)(1 — n)e > 0. So it will be optimal
to choose a pair of ry and 7, so that (PC-avg) binds.

Characterizing the Solution: The binding constraint implies that yry+(1—v)r, = vC(z g, 0g)+
(1 —~)C(xp,0L), so the problem becomes

max y(h(zu,0n) — C(eu, 0n)) + (1 — ) (h(zr,0L) — Clar,01))

TLXTH

s.t. z, < TH.

The problem coincides with the first best problem, and therefore the solution to the insurer’s prob-
lem is the first best. m

At the other corner of perfect altruism, the provider wants to give the first best treatments to
each patient type, with high 6 types getting more, and at the corner of zero altruism, the provider
incentives make him want to reverse the ordering of treatments. These two extremes suggest that
there is some minimal level of altruism required so that the provider wants to give more treatment
to the high type.

Intuitively, the provider needs to value the health gains of intensive care patients sufficiently so
that the benefits, net of costs, are positive from the provider’s perspective. Recall that o was the
marginal elasticity of substitution between health and profits; a provider who cares too much about
profits, relative to patient health, will make decisions based on patient profitability, and the patients

who benefit the most from intensive care are unfortunately the most expensive.

4.3 Sufficiently altruistic providers get us to the first best

It is not necessary that providers be purely altruistic to get first best outcomes; we just need
providers that value health gains enough so that incentives of the provider are aligned with those
of the public insurer. Incentives alone are insufficient to get us first best outcomes, but contracts
combined with sufficiently altruistic providers can solve this contracting problem.

To illustrate this point, consider the following parametric examplem Suppose that treatment
affects health according to h(z,0) = 6(1 + \) where A € R, and that the costs of treating type ¢
are given by C'(z,0) = 0z + %cxz. Socially, the marginal health gains from treatment across types
are h,g = 1 + A, and the marginal cost across types is C,9 = 1, so the first best treatments are
increasing in the type. For the provider, the marginal health gains from treatment across types are
ahzg = 1+ )\, and the marginal cost across types is C,p = 1, so treatments may not necessarily be
increasing in the type.

Figure 4 depicts first best treatments for each type, as well as the provider’s equilibrium choice

1
I+X°

patient care decisions would result in under-provision for everyone: the provider’s equilibrium

of treatment levels without incentives for o € | 1). Handing this provider full autonomy of

16Thanks to Oliver Hart for suggesting this specific parametrization, and for extensive discussion about this case.
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h.(x,0)

Provider’s choice absent
incentives

Figure 4: Provider Equilibrium Treatment Choices Relative to First Best

choices for types 0y and ), are below first best when a@ < 1. However, the key component we
need in order for contracts to get us to the first best is for the provider to give more care to the high
types. That is, we need the provider’s equilibrium choices to be ordered so they are aligned with
the socially optimal treatment choices. Lemma [3] shows that this aligned monotonicity can only

hold when providers have some minimal degree of altruism.

Lemma 3 The provider’s incentive constraints imply that xg > x 1, only when the provider’s val-
uation of marginal health gains across types (ah,g) exceeds the marginal cost across types (Cyp),
ora(l+ ) >1

Proof. Under this parametrized example, the sum of the two incentive constraints is

(0n — 01)(a(1+A) = 1)(zy — 1) 2 0.
—_—
>0
By construction (6 — 6;,) > 0. For the incentive constraints to be jointly satisfied, (a(1+ \) — 1)
and (xy — x) must have the same sign. Therefore, zy > x;, <= «(1+ \) > 1 and the reverse,

xg<zp <= a(l+N) <1l m

Notice that when incremental health benefits of care across types, (1 + \), are very large this
monotonicity condition is likely still satisfied at low levels of altruism, «.. In other words, if the
differences across types is such that there obvious benefits for the costlier patients, it becomes less
critical to have a provider that places a lot of weight on patient health, because even a provider
to cares very little about the patient will see the benefit to give more care to the more expensive
patient.

When the incentives of the provider are aligned with society’s, a non-linear forcing contract

can implement first best outcomes. If the first best treatment levels for the high type and the low
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type are 10 and 5, respectively, a provider with an & < 1 may optimally choose 8 and 3 if given
an unrestricted treatment choice set. This is because the trade-off that characterizes the provider’s
choice is different from the social trade-off. However, if the insurer only allows the provider to
administer 10 or 5, a sufficiently altruistic provider will appropriately give 10 to the high type and
5 to the low type. The problem with this contract arises when the provider does not value patient

health by enough, and is tempted to give the high (and more expensive) type 5 instead of 10.

L
4+\

optimal contract pools both types.

Proposition 6 When o > the optimal contract implements first best, and when o < —, the

14+

Proof. Suppose o > 1%\ Consider a modified problem with only the aggregate participation con-

straint and the monotonicity constraint, xy > x . In the modified problem, x; and x5 maximize

cx? cx?
ggar)éfy(HH(l +Nzxg —rg +n(rg —0gxy — TH)) + (1 =901+ Nz —7r +n(rp —0rzp — TL)) (@)
1 1
s.t. Y(rg —Oprg — 5033%1) + (1 =)(rp —0rar — 5095%) >0 (PC-agg)
ryg > Tr. (monotonicity)

Since the objective is decreasing in the payments to providers, (PC-agg) binds in the optimum, and
the problem reduces to:
2

1 1
max Y(0g(1 4+ Nag — Ogry + icxH)) + (1 =701+ Nar(@rxr + icx%))

ZTL,TH

s.t. xy > xr. The solution coincides with the first best, ry = GHT’\ and r; = GLT’\, and satisfies

the monotonicity condition. There is a continuum of pairs (7, 71,), that satisfy (PC-agg) at the first
best treatments, described by the following relation:

0L\ 0202 1-— 02N 62 )2
vy —rp = (HL L H + (L—n) (0LA 4L o
c 2c ¥ c 2c 0%

One such pair is such that (IC-H) is binding, corresponding to the contract:

62\ 02 )\ 162 )2 A
rL = (712+(17)Lc> +3 LC +7(a(l+A) *I)QHE(QH*QL)

0%\ 02N\ 16%\2 A
rH = (7’2+(17)Lc>+2 HC = (=) (a(l+X) = 1) 0= (0n = 0r)

Now we have to check that the solution to the modified problem satisfies the two incentives con-
straints of the original problem. Evaluating (IC-H) and (IC-L) at the conjectured (ry, ) and the
first best treatments, we obtain after some algebra that:

0

\%

0 (IC-H)

(@ +XN) —1)2

c

(0 —6)> >0 (IC-L)

1
14+A°

solution to the modified problem is also a solution to the original problem.

L
1+A°

which is always true given that we assumed at the beginning o > Therefore, this particular

Now suppose o > Consider a modified problem with only the aggregate participation con-
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straint and the monotonicity constraint, xy < x;. The planner again maximizes the objective
given by equation (2), now subject to xy < . Since the solution to (2) is increasing in type 6, the
monotonicity constraint in this case binds, and x;, = xy = xp. The optimal contract has a pooling
solution, xp = YAy + (1 — ) A0L. At the pooling solution, the incentive constraints are trivially
satisfied and the provider receives payment 7p equal to the average cost of treating patients at xp.
|

Proposition [6] gives us a hopeful conclusion. When ethical professional norms push providers
towards valuing patient health gains, we can get the first best. Interestingly enough, recent devel-
opments in the business model used by Kaiser Permanente seems to be moving in this direction.
Kaiser is an integrated system of payors, hospitals, and physicians, who announced in 2015 they
would be launching their own teaching hospital, and it was inaugurated in June, 2020. They try to
foster an organizational culture that values patient health, while also internalizing the costs of care
decisions.

In practice, it may be hard for an insurer to know the « of providers it contracts with. It may well
be the case that providers have heterogeneous «’s, as some of the popular work by Atul Gawande
may suggest. Indeed, if providers put more or less weight on financial incentives, the design of the
reimbursement contract can have heterogeneous impacts on the patients insured. But o need not be
an exogenous primitive from the insurer’s perspective. Payors can look beyond financial incentives
and aim to foster an organizational culture that rewards providers for patient-centered decisions.

If o were the only unobservable for the insurer, a forcing contract would implement first best
treatments for everyone (since there would only be a single optimal treatment level for every patient
in the pool), even if heterogeneous across doctors. In other words, altruism heterogeneity alone
would not be a problem if patients do not have heterogenous treatment needs and costs

The more relevant policy implication of this portion of the analysis is the idea to ‘endogenize’
the altruistic component of preferences, via ethical professional norms that are shaped by an or-
ganizational narrative or mission. This idea is by no means new, and has already been put forth
in Besley and Gathak (2005) and Bidner and Francois (2010) in other contexts. Perhaps a more
holistic approach to business in health care, such as one that fosters a patient-centered organiza-
tional culture in addition to the right set of incentives, is better suited to circumvent the asymmetric

information problems that are so characteristic of this market.

5 Conclusion

To conclude, I review what I consider the three main insights from this article. First, cost-reimbursement
is particularly inefficient when providers are altruistic because it creates a moral hazard problem
in which providers give too much low-value care. If providers were not altruistic at all, cost-
reimbursement would implement efficient outcomes under perfect risk adjustment. Second, , as
patient treatment needs become more widely dispersed, covering care for the high utilization pa-

tients raises insurance costs on everyone else in the group: directly via raising average costs, and
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indirectly by raising utilization of care by everyone else in the group.

The third is that financial incentives coupled with the right set of professional ethical norms
can get us the first best. Contracts that move away from cost-based reimbursement and towards
cost-reduction incentives (possibly through global budgets) are taking a step in the right direction,
but are insufficient absent a better understanding on how professional ethical norms affect health
care delivery. Interestingly enough, recent developments in the business model used by Kaiser Per-
manente seems to be moving in this direction. Kaiser is an integrated system of payors, hospitals,
and physicians, who announced in 2015 they would be launching their own teaching hospital, and
it was inaugurated in June, 2020. They try to foster an organizational culture that values patient
health, while also internalizing the costs of care decisions.

Health is seen (by many) as a human right, and the provider contracting problem merits special
attention. It is an important for future work to continue asking how to design better contracts in
health care from new and innovative angles. Flat of the curve medicine, while of significant eco-
nomic magnitude, is only a small part of the inefficiency story in health care. A unifying framework
that accommodates the complex health care setting is still necessary, but precisely because health

care is so nuanced, there is unlikely to be a ‘one size fits all’ solution.
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6 Appendix

6.1 Insurer’s Problem: Two-type Case

The insurer’s problem is to choose (7, ;) according to the following program.

max y(h(zy,0g) —rg +n(rg —c(zn))) + (1 — ) (h(zr,0L) —rp +n(rp — c(zp)))  (2)

s.t. ah(zp,0p) +rp —c(xp) > ah(ey,0L) +rg — c(vy) (ICL)
ah(zy,0) +ry — c(ry) > ah(xp, 0p) +rp — () (IC H)
re —c(zg) 20 (PCL)

rg —c(xyg) >0 (PC H)

6.2 Non-linear Contract: Continuum of Types Case

For a continuum of types, the insurer’s objective is as follows.

SWE = [ (h(z,0) —r(z) +n(r(zx) — c(x))f(0)do

\m\%‘

The government does not observe patient type, but does observe treatment x. There’s a contin-
uum of (/') constraints, such that the physician prefers to give z to patient type z*(#), instead of
giving them z*(¢’), for all 6, 6'.

That is,

ah(z(0),0) + r(x(0)) — c(x(0)) = ah(z(¢),6) + r(z(0) — c(x(6)) V6,0’ (C)

Lemma 4 The incentive constraints jointly imply that equilibrium treatment levels are increasing

in type. That is, equilibrium treatment levels are monotonic in 6, with axa*e(e) > 0.

Proof. Consider two adjacent incentive constraints, for 6§ > ¢'.

ah(z(0),0) + r(x(0)) — c(x(0)) > ah(x(6'),0) + r(x(8') — c(z(6"))
ah(x(6),0") +r(x(6)) — c(z(8) > ah(2(0),0') + r(2(0)) — c((0))

If we add them, we obtain

h(z(8),8) — h(x(8),0) > h(x(0),8) — h(z(8),8).

Since h(x,#) is increasing in = and in 6, this can only hold if z(0) > x(#'). Therefore, the equilib-

rium treatment level x(6) will be increasing in the type, 6. QED. m
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6.2.1 Solving for the optimal contract

Consider a modified problem with only the participation constraints, the local incentive constraints,
and the monotonicity constraint. We will characterize the solution to this problem, and then show
it satisfies the solution to the original problem.

Let 6 ~ F(0) where 6 € [, 60]. Replacing the continuum of incentive constraints with the

monotonicity constraint, the government’s problem is:

r(z)

maX/[h(-’B(@), 0) = r(x(0)) +n(r(x(0)) — c(x(0)))]f(0)do

subject to
r(z(0)) — c(z(0)) >0 (PC-6)
82(99) >0 (monotonicity)
ah,(x(6),0) + r.(z(0)) — ci(x(0)) = 0. (provider FOC)

The standard procedure for solving this type of problem is to ignore the monotonicity constraint
and solve the relaxed problem with only the (PC) of the highest type, 6, and the equilibrium

treatment condition. We verify that the monotonicity condition is satisfied at the end.

Step 1: Show that participation constraint of the highest covered type is binding.

Proposition 7 (PC-0) is binding.

Proof. Suppose, for the sake of contradiction, that PC of f is not binding, and 7(x(0)) > c(x(8)).
Since the objective is strictly decreasing in 7, there exists an ¢ > 0 such that r(x(6)) — € > c(x(0))
still holds, and the objective will increase by (1 —n)e > 0. Therefore, it is optimal to keep reducing

r(z(0)) until (PC) of § binds. m

Step 2: Integrate physician FOC over x to solve for incentive compatible contract, r(z*(6)).

Note that the type 6 that enters the argument of the health benefit function remains fixed at 6, as we

are just integrating over the z’s.

Proposition 8 For any type 0 < 0, the incentive compatible payment scheme will pay a margin

above cost given by the following expression:

r(z*(0)) = c(x*(0)) + gh(m*(@), 6) ;ah(m*(&), 0)
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where x*(0) is the equilibrium treatment, and an implicit function of only 0 defined by the physician

optimization problem, for a fixed r(x).

Proof. Fixing 6, integrate the physician FOC from z*(6) to x*(6).

Ty

/ahz(a:, ) + ry(z) — cx(x)dz =0

Zo

It follows that,

oh(z*(0),0) — ah(z*(6),0) — (r(z* () — c(2"(6))) + (2" (0)) — c(2"(6)) = 0.

-~

=0 by PCH

This gives us an explicit expression for r(x*(6)).

r(z*(0) = c(z*(9)) + ah(z*(),0) — ah(z*(0),0)

The local incentive constraint and the participation constraint of the high type jointly determine
the full schedule of r(z*(9)).

x _ c(z*(9)) , for 0
r(z*(0)) = _ _
c(x*(0)) + ah(x*(6),0) — ah(xz*(0),6) ,forf < 6.

Step 3: Show that fully separating equilibrium contract violates the monotonicity condition.

Since there is a unique contract (z*(#)) which satisfies the constraints of the modified problem,

we can plug it into our objective and characterize the solution of the equilibrium treatments.

Lemma 5 Ignoring the monotonicity condition, the derivative of the SWF with respect to x*(0) is

ASWF _ FO)[ha(2*(0),0) = calz*(0) + (1 — n)ahy(2*(6),0)] 0<d

dur(0) | F@)[ha(a*(27(8),0) — col@*(8)] = (1 =)

I®— o

Proof. Evaluating the social welfare function at the contract implied by the constraints results

in the following equation:

SWE = [0 (6).) — c(a’(6) ~ (1 = n)a(h(a’ 0).0) ~ h(a"(0).O) /OB 6
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Differentiating with respect to z*(6) for types < 6, we obtain:

dSWF
dz*(0)

F(O)[ha(27(0),0) — co(27(0) + (1 — n)ahs(x"(0), 0)].

For the high type, however, the first order condition is different, as z*(#) shows up in for every

payment premium of types # < @, and the incentive rent is zero for the highest type. Differentiating

the social welfare function with respect to x*(6) gives us:

0
WWE _ @) b (" (2" 8). ) — ol (B))] — (1 — 1) / aha (2" (8),y) (4)dy.
0

dx*(0)
]

Proposition 9 The fully separating equilibrium contract characterized by the optimality conditions

dz*(0)
- =0

derived in Lemma E] violates the monotonicity condition,

da*(0)
o

0. For the menu of 2*(6)’s characterized in Lemma 5 to be monotonic and continuous at the top, it

must be the case that the limit of the solution to dSW F /dz*(#) = 0 as # — 0 equals the solution

to dSW F /dx*(#) = 0. Taking the limit of the difference, lim[dSW F/dz*(0) — dSW F /dz*(9)],
0—6

reduces to the following expression:

Proof. Suppose, for the sake of contradiction, that 2* () is monotonically increasing in 6, >

0
i | ah,(«*(0).6) + [ ahu(a"®).9)Fw)dy| >0
6—0

- [4

which is strictly positive. The positive sign implies that the solution to dSW F'/dz*(0) = 0 as
0 — 0 is greater than the solution to dSW F/dz*(f) = 0, which implies a contraction with the
monotonicity condition supposed at the beginning. Alternatively, we can see that these two first

order conditions violate the monotonicity condition by evaluating them both at the first best 272 (#).

dSWE = (z"B(0),0) — c, (2B (0) = —(1 — n)ah, (2" (0),0) (FOC 0 < )
dwr(0) |orm@y > o 1 ’

)
| = T0).0) — a0 = (1) [ ahla @)Wy FOCH)
dz*(0) |,r5 ) >; /

[ J/

The solution to z(f) < x() in the neighborhood of x(f) is to the right of the optimum of the
characterized by dSW F/dz*(0) = 0. m
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Step 4: Conjecture a pooling solution and verify the constraints (of the modified problem).

The discontinuity in the contract for the highest type, 6 is indicative of a solution with pooling at
the top. Let 67 be the threshold type, above which everyone gets pooled at treatment level x7.
Consider the following pooling contract, where all types 6 > 0 receive a fixed treatment quantity,
and not more, because the contract does not allow the provider to choose treatment levels above

x7. The provider will not be on his first order condition for types above f7 under this contract.

c(zr) ,for 0 > O
c(x*(0)) + ah(xr,0) — ah(x*(0),0) |, forf < Or.

Consider now a similar modified problem in which the insurer maximizes the SWF subject to

the monotonicity constraint %0(9) > 0, the participation constraint of the threshold type 6, and the

local incentive constraints. The constraints of the modified problem are now:

r(z(0r)) — c(z(07)) >0 (PC-07)
82(90) >0Vve (monotonicity)
ahy(x(0),0) + r.(z(0)) — c(z(0)) =0V 6. (provider FOC)

Lemma 6 The pooling contract satisfies the participation constraint of the threshold type 61, and

the local incentive constraints.

Proof. The participation constraint of the threshold type is trivially satisfied since r(z*(07)) =
c(x*(0r)) implies r(x*(07)) — c(x*(6r)) = 0 > 0.

To show the contract satisfies the local incentive constraints, first consider 8 < 6. Differenti-
ating the pooling contract with respect to , we obtain that r,(2*(0)) = c.(2*(0)) — ah.(2*(0),0).
Plugging 7, (z*(#)) into the provider FOC, we obtain that

ahy(x(6),0) + co(z(0)) — ahy(x*(0),0) —c.(x(0)) = 0.

N J
-~

rz(2(0))

Now consider § > 6. The provider’s problem is constrained for # > 61 to choose

x € argmax ah(z,0) + r(x(fr)) —c(x) V0 > Or
’ fixed

s.t. * < z(07). The complementary slackness condition determines the solution, and z*(0) =
x(07) for 0 > Op, with ah,(x*(0),0) — c.(z*(6)) < 0. =
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Step 5: Show that the pooling contract satisfied the monotonicity condition in the original
modified problem.

Proposition 10 The pooling contract satisfies the monotonicity condition, dx(g) > 0.

Proof. The social welfare function under the pooling contract is given by:

O 6
SWF = / [h(2*(0),0) — c(z*(0)) — (1 — n)(ah(zr,0) — ah(z*(0),0)] f(0)d6 + / [h(zr,0) — c(xr) f(0)do
A O

For all types above the threshold type, & > 60, the treatment level will be characterized by the

following expression:

dSWEF

dJ]T

_ / (ha(wr,0) — cawr)) F(0)d0 — (1 —n)

Or

ahy (e, 0)f(0)d6 (101

‘%\éb

For types 6 < fr, treatment level will be characterized by our same condition from Lemma [5]

for low types,

gy~ (010~ O) + (1= naha©).0)0). @D

For z(6) to be monotonic at 7, solution to the limit of (10]2) as § — 67 must less than or equal
to the solution to (I0]1). Notice that (I0]2) at the limit coincides with the limits of integration in
1). Taking the limit of the difference, we obtain that:

0

_ [dSWF dSWF] e B i @
lim B = [thatero) - ctamson / 7. 0)(6)d6.

6—07 drr
Ot

This limit is equal to zero at the w7 which solves %L = (. This tells us that the solution

characterized by equations (10]1) and (10}2) is not just monotonic, but also continuous. m

Step 6: Show that the solution to the modified problem is also a solution to the original prob-

lem

Lemma 7 The participation constraints of all types 0 < Or are jointly implied by (PC-01) and
the local downwards incentive constraints. The participation constraints of 0 > O are trivially

satisfied at the pooling solution.

Proof. By monotonicity in treatments, type 6 receives the highest level of treatment, z.

1‘((97*) > .CE((Q), V6 <0r.
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Consider the participation constraint of 7, and the incentive constraint of ¢, for § < .

r(zr) —c(xp) >0 (PC 0r)
ah(x(0),0) + r(x(6)) — c(x(0)) > ah(xr,0) + r(zr) — c(x7) (IC 6 — 67)

If we add them, we obtain

r(z(0)) — c(x(0)) > ah(zr,0) —ah(x(0),0) +r(zr) — c(er) 2 0

-~

Vv
>0 by monotonicity >0by PC 0

Therefore, the participation constraints of all # < 6r are jointly implied by the PC of 6 and
the local downwards incentive constraints, and participation constraints of types below are non-
binding. For types 6 > 60, equilibrium treatment is xp, and the reimbursement contract pays

r(zr) = c¢(x7), and all the participation constraints are satisfied. m
Lemma 8 The incentive constraints are all satisfied at the pooling solution.

Proof. By Proposition the pooling solution satisfies the monotonicity condition. Consider the
two adjacent incentive constraints of an arbitrary type § < 07, and consider #’ < . Evaluating

these at the pooling contract, we obtain:
ah(zr,0) — ah(z(6'),0) > ah(zr,0) — ah(z*(0'),60")) (ICH — 0
which is always true by monotonicity and the assumption that h(x, #) is increasing in 6, and that

ah(x(0),0") + a(h(xp,0") — h(z(0'),0")) > ah(x(0),0") + a(h(xr,0) —h(z(0),0))
>h(zr,0")

ah(z(0),0) — ah(x(0),0') >0 (ICO — 0)
which is always true by the assumption that h(x, #) is increasing in 6. =

6.2.2 Characterizing the Solution

Lemma 9 Under the pooling contract, the lowest type gets over-treated relative to first best.

dSWF

(@) = 0 can be written as:

Proof. For type 0, the solution characterized by

ha(27(0), 0) — ca(27(0)) = —(1 — n)aha(z"(0), 0)

N J J
~~ ~~

=0 at first best <0

Therefore, the solution to ‘Clli ”(/5 = 0 1s to the right of the first best optimum. m

Lemma 10 Under the pooling contract, the highest type gets under-treated relative to first best.
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Proof. For type 6, treatment level received is characterized by % = 0. Since h,(z,0) is

increasing in 6 by construction, it follows that

0

hy(xr,0) — ci(xr) > /(hw(xT, 0) — c.(z7)) f(6)dO

Or

for a non-empty interval 6 € [0, 0]. From 1), we know that this implies h, (27, 0) — c,(z7) is

strictly greater than zero.

hy(xp,0) — () >

(ha(wr.0) — co(wr)) f(8)d0 — (1 — 1) [ ahy(ar,6)f(8)d8 = 0

T—
S— s

At the first best, h, (272(0),0) — c,(2B(6)) = 0. Therefore, the solution to d‘i‘fg’g)% = 0 is to the

right of the first best optimum for type . m
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