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This work focuses on the B2B interaction between a service requester and a service provider in a healthcare
environment. The requester is the primary caregiver responsible for managing the health of a population of
patients. When a patient requires advanced care outside the requester’s expertise, the requester refers the
patient to a provider and pays for the referral services. Treatment may succeed or fail, and in case of failure
the requester incurs further follow-up costs. The requester may exert preventive effort to reduce the volume
of referrals. The provider may exert non-reimbursable effort to reduce the chance of treatment failure. We
analyze payment contracts between the two firms. We find that fee-for-service (FFS) induces neither system
nor social optimum effort outcomes. However, a penalty contract can generally coordinate the effort decisions
with either the system optimum or the social optimum. Furthermore, we find that patients may benefit from
having a coordinating contract replace FFS. However, the types of procedures that make a coordinating
contract most advantageous for the requester and provider are not necessarily the same as those that make
the patients better off than under FFS. Yet, in most cases the coordinating contract improves social welfare,
as compared to FFS, and brings it close to the social optimum. Hence, the requester-provider coordinating
contract can be considered as an improvement over FFS for the entire system.
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1.

Introduction

In today’s US healthcare environment, and especially since the recent healthcare reform (Affordable
Care Act), a patient’s health is often managed by an organization. In many cases, the managing
organization is capable of providing routine care but does not have the ability or the expertise to
provide complex or highly specialized care. When such advanced care is needed, the organization
must outsource delivery of care to an external provider.1 Cost control initiatives embedded in the
1

Examples of such partnerships include the deal between Cambridge Health Alliance and Beth Israel Deaconess
Medical Center (Hacker et al. 2014), and that between Steward Health Care System and Partners HealthCare Sys-
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new law are seeking to make the managing organization responsible not only for managing the
patients’ health, but also for the cost and the quality of the care that they provide. As a result,
the managing organization is held responsible for the cost of referral services (Bravo et al. 2016).
For example, Accountable Care Organizations (ACOs) are groups of caregivers (e.g., hospitals,
physicians, and clinics) that come together voluntarily to assume responsibility for managing the
health of a patient population. The establishment of ACOs is one of the initiatives promoted by
the Affordable Care Act, and the number and size of ACOs has been steadily growing since 2010.
For instance, Montefiore ACO, based in New York City, is one of the largest ACOs with 23,000
beneficiaries, 4187 participating physicians and 935 facilities in 2014 (SK&A 2014). Today, over 23
million Americans are being served by an ACO. In 2015, physician-led ACOs (that is, ACOs that
can provide primary and/or secondary care, but not tertiary or quaternary care2 ) account for 37%
of all the ACOs in the U.S. (Tu et al. 2015, Colla et al. 2016). These ACOs play a major role in the
delivery of preventive and low-complexity care. Yet, ACOs are financially responsible for the total
cost of care, including inpatient (tertiary or quaternary) care, regardless of who performs the service
(Barnes et al. 2014). Robinson and Schaeffer (2015) state that “the ACO’s financial responsibility
is not limited to the services directly provided by its member physicians, but extends to all the
services provided by all the caregivers and resources used by the patient.” Thus, if a complication
arises that cannot be treated within the ACO, the ACO refers the patient for advanced care (e.g.,
specialist consultation, inpatient procedure, surgical care) to a third party provider (e.g., medical
center). The volume of care that is provided outside the ACO may be significant: McWilliams
et al. (2014) report that in 2011, “66.7% of office visits with specialists were provided outside of
the assigned ACO”. While this figure refers to specialists consultations, it provides evidence that
the care volume provided outside the ACO, either as referral or patient leakage, can be large.
Regarding specifically inpatient referrals, “one health insurer’s 2009 referral data shows that only
35-45% of adult inpatient care, as measured by revenue, goes to the partner hospital”, implying
that over half of adult referrals may be serviced outside the ACO (Kuraitis 2011).
Similarly, Health Maintenance Organizations (HMOs), introduced in the early 1990s, generally
assume full financial responsibility for the cost of care (Malcomson 2004). HMOs negotiate contracts for professional services with physician group practices, or with an Independent Practice
Association which in turn contracts with independent physicians (Gold et al. 1995). A well-known
tem (Weisman 2012). Under the latter, the most severely injured patients from emergency rooms at Steward’s ten
community hospitals are sent to Partners-owned Massachusetts General and Brigham and Women’s hospitals in
Boston.
2

Primary and secondary care refer to low-complexity care delivered by a primary care physician or a specialist.
Tertiary and quaternary care require highly specialized equipment and expertise, and cannot be provided at a small
community hospital (e.g., coronary artery bypass surgery).

Adida and Bravo: Contracts for healthcare referral services
Forthcoming in Management Science

3

example of a fully integrated HMO is Kaiser Permanente in California, serving more than 10.6
million members. More than 80 million people are enrolled in an HMO today nationwide.
Because managing organizations like ACOs and HMOs are responsible for all expenses incurred,
even for services rendered by an external provider or hospital, they benefit from shrinking the
volume of referrals needed. Hence, the managing organization typically focuses on prevention and
on carefully managing patients with serious or chronic conditions, with the aim of reducing the
need to outsource care to an external provider. To this end, the organization may invest in preventive measures such as patient education and monitoring (e.g., cholesterol and diabetes programs),
wellness activities promotion (e.g., weight loss and tobacco cessation programs), disease screening, nurse care managers hiring, and tools facilitating care coordination including healthcare data
sharing, storing and analyzing. While this preventive effort incurs an upfront cost, which grows
with the size of the population being served, it also reduces future costs by lowering the volume of
external referrals required.
In the event a patient is referred to an external provider for a given procedure, the provider has
considerable latitude in the effort it exerts to ensure good health outcomes. Several “best practices” have been shown to improve outcomes, including: proper medication management (ensuring
that the prescribing doctor is aware of all medication currently prescribed), discharge management (scheduling remote and in-person follow-up care, ensuring the patient understands discharge
instructions), coordinating post-discharge care with the primary care physician (Arbaje et al. 2008).
This type of intervention does not constitute a billable medical act that the provider may request
reimbursement for. However, these measures carry an immediate cost that is born by the provider.
They also offer the potential to reduce the chance of poor patient outcomes and hence to lower
future possible complication costs.
The most common way of paying an external provider for outsourced care is fee-for-service
(FFS) (Zuvekas and Cohen 2016). Under FFS, the provider is paid a fixed, set-in-advance price for
the procedure provided. Moreover, the payment is the same regardless of the health outcome. An
example of this set-in-advance price is the use of Current Procedure Terminology (CPT) codes by
doctors for billing medical services. Experts have long recognized that the incentives under FFS
are not conducive to providing efficient, high-quality health care (Feder 2013). Indeed, the provider
is being paid the same regardless of the patient’s eventual health outcome. In particular, should
the treatment fail or should complications arise, leading the patient to require further care (e.g.,
rehabilitation), the provider is not being held financially responsible. Hence, in a FFS contract
the provider lacks financial incentives to exert costly, but non-reimbursable, effort to avoid poor
patient outcomes. This lack of incentives has contributed to observing a 30-day readmission rate
of nearly 20% for Medicare FFS beneficiaries from 2007 through 2011 (Gerhardt et al. 2013).
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Because the managing organization bears the referral cost, it must carefully negotiate the fee
structure used to compensate external providers for their services. Insurers and payers (e.g., Medicare) have investigated and tested several reimbursement contracts with providers to try and better
align caregivers’ incentives with the goal of obtaining better patient outcomes – including capitation, bundled payments, cost-sharing, shared-savings, and hospital readmission penalties. The
aim is generally to move away from a pay-per-transaction contract toward a pay-for-performance
contract, where the caregiver is being held, at least partially, responsible for the eventual patient
outcome (McCluskey 2015). Some of these contracts have proven useful for aligning incentives in the
payer-caregiver setting, where the payer makes no medical decision directly affecting the patient’s
health status. Yet, it is unclear whether such contracts would align incentives in the requesterprovider setting that we focus on, where both parties play a direct role in medical decision-making
to ensure a patient’s good health.
In this paper, we focus on the business-to-business (B2B) interaction and payment system
between the managing organization, or service requester, and the external service provider (see
Figure 1). Our model applies best to a physician-led ACO that either does not include an affiliated
hospital, or includes a small community hospital unable to offer all highly specialized services and
thus must contract with external providers for such procedures.3 In this context, the provider may
exert non-reimbursable effort to lower the chance of poor patient outcomes and thus of the patient
requiring further treatment cost. The requester may also exert effort that lowers the patients’
need for advanced treatment and thus reduces the volume of referrals sent to the provider. While
patients benefit from both types of effort, these efforts incur a cost, but not necessarily a benefit, for
the exerting party. In addition, the provider’s effort benefits the requester, whereas the requester’s
effort makes the provider economically worse off. We seek to determine whether a service payment
contract may provide incentives to the requester and the provider to exert effort at an optimal
level. The setting considered in this paper differs from the study of the interaction between a
payer and a medical provider in one fundamental way: contrary to the payer, the service requester
makes a medical effort decision that controls the volume of patients treated by the provider. We
seek a payment system that aligns incentives both for the provider’s effort to enhance treatment
outcomes, and for the requester’s effort to maintain an adequate volume of referrals.
In our problem, a coordinating payment contract between the requester and the provider maximizes their joint total profits. Such coordination disregards the patient utility, and focuses on
reducing operational costs comprising the costs of effort, the treatment cost, and the cost of unsuccessful treatment. Clearly, reducing the need for referrals and the chance of a failed treatment is
3

Example of such ACOs include Physician Group Alliances and Expanded Physician Groups (Oss 2016).
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aligned with patients’ interest. Yet, these goals must be balanced with the cost of exerting effort
to achieve them, thereby putting a downward pressure on effort in a way that may conflict with
the patients’ interest. Therefore, in general, coordination between the requester and the provider
maximizes neither the patient utility nor the social welfare (which comprises the requester and
provider joint profits as well as the patients’ utility, see Figure 2). Since patient outcomes are a
primary consideration in designing a healthcare payment agreement, we analyze the effect of a
coordinating contract on patient utility and on social welfare. Furthermore, we investigate whether
there is a contract that may achieve an optimal social welfare outcome (i.e., the social optimum),
that is, that may maximize a combination of the firms’ profit and the patients’ utility.
Figure 2

Profits and Social welfare.
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This paper makes the following contributions. We introduce a new model of healthcare payment
system tailored to capture the interaction between a service requester, such as a physician-led
ACO, who makes an effort decision affecting the volume of patients treated, a service provider who
makes a non-reimbursable effort decision affecting the patients’ health outcomes, and a population
of patients. We find the optimal efforts for a system comprising the requester and the provider (i.e.,
first-best efforts) and compare them to the effort levels under FFS and under a penalty contract.
We also obtain efforts at the social optimum for the “society” including patients as well. We find
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that FFS can never induce either the (provider-requester) system optimum or the social optimum.4
Yet, a penalty contract may coordinate the effort decisions of the provider and the requester with
either the system optimal or the socially optimal efforts. We find that the coordinating contract is
most significantly better for the requester-provider system compared to FFS when the FFS price
paid for each service rendered is large (i.e., high-margin procedures), the treatment cost is low,
and/or the failure rate is high. Patients may be better off under a coordinating contract than under
FFS, especially when the FFS price per procedure is low (i.e., low-margin procedures) and/or the
failure rate is high. Generally, the types of procedures for which the requester and provider most
benefit from a coordinating contract are not the same as those for which the patients benefit from
having a coordinating contract replace FFS. However, in most cases the coordinating contract
improves the social welfare compared to FFS and brings it to a level close to the social optimum.
Therefore, even though the coordinating contract does not take the patient utility into account, it
still represents a meaningful improvement over FFS.

2.

Literature Review

The healthcare literature has seen a sustained interest in understanding how a payer (usually
the insurer) can align providers’ incentives to ensure quality and cost control (see the review by
Christianson et al. (2008) and references therein). Agency problems often arise in this context due
to adverse selection, i.e., when the payer cannot observe the provider’s “type” before committing
to the agreement (hidden information), and/or moral hazard, i.e., when the provider acts in its
own interest which might conflict with the payer’s objectives (hidden actions) (McGuire 2000).
Even without information asymmetry, performance-based contracting has been investigated in
the healthcare operations literature (Selviaridis and Wynstra 2014). Jiang et al. (2012) propose a
performance-based contracting scheme for outpatient medical services; the payer designs a contract
to minimize costs while achieving a desired outcome, and the provider decides how to allocate
capacity among the different patient types. They show that a threshold penalty performance-based
contract can coordinate the system. Andritsos and Tang (2015) investigate how bundled payments
and pay-for-performance payment systems combined with patient cost-sharing can help prevent
readmissions when the care is co-produced by the patient and the provider.
The recent papers by Zhang et al. (2016) and Adida et al. (2017) study how some of the new
payment initiatives in the U.S. can better align incentives between a provider or hospital and an
insurer. Zhang et al. (2016) focus on the Hospital Readmissions Reduction Program (HRRP), which
4

We also considered a variety of often-used payment contracts, including capitation, two-part tariff, cost-sharing,
shared-savings and find that they can never induce either the system optimum nor the social optimum. The analyses
are presented in the online Appendix E.
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consists in penalizing hospitals with excess readmissions compared to a risk-adjusted benchmark.
They find that, because many hospitals prefer paying penalties, they lack incentives to reduce
readmissions, but modifying the benchmarking process would induce less readmissions. In our
analysis, the requester plays a role with respect to the provider similar to the role that Medicare
plays with respect to a hospital in their paper. Yet there are several key distinctions both in
focus and in execution. First, they use a threshold policy on the readmission rate, and they focus
on competition among hospitals by determining the (risk-adjusted) threshold according to the
performance of all hospitals nationwide. In our research, there is a single service provider and thus
no peer-benchmarking defining a threshold. Second, we capture the effect of the service requester’s
prevention effort on patient volume, while in their setting the payer (Medicare) does not make
any medical effort decision. Third, their goal is to reduce the readmission rate, while we consider
coordination of care efforts to maximize either the requester and provider joint profit or the social
welfare. Fourth, in their paper the penalty for excess readmission is applied to the total revenues
across all conditions, not only the condition leading to a too high rate of readmission.
Adida et al. (2017) investigate how a Bundled Payment system may improve performance compared to FFS. They consider a medical provider choosing the “treatment level” among a variety of
available treatment routes, where the FFS reimbursement varies according to the intensity of treatment. They find that under FFS the financial incentives lead providers to “treat more, not better”
contributing to high costs. Indeed, under reasonable assumptions, they obtain that the provider
would systematically select the highest possible treatment intensity to obtain higher payments.
Thus they seek contractual incentives via bundled payments to lower the treatment intensity to
a socially optimal level. In contrast, in this paper we focus on one given procedure with a single
treatment option; the incentives misalignment stems from the provider being paid the same fixed
amount, regardless of the eventual health outcome of the patient, for this given medical procedure.
The effort decision that the provider makes has no bearing on his revenue (hence the lack of effort
under FFS) whereas in Adida et al. (2017) the provider’s decision is directly linked to his revenue
(hence the excessive treatment intensity under FFS). In this manuscript, we analyze the lack of
incentives under FFS to exert costly, but non-billable effort to avoid poor patient outcomes. In a
sense, we are focusing on the inverse problem of that in Adida et al. (2017): while they seek ways to
incentivize providers to implement less measures that are reimbursed but ineffective, we seek ways
to incentivize providers to implement more measures that are effective, but non-reimbursable. In
addition, we capture the effect of the service requester’s effort while in their setting the insurer
does not make any medical effort decision. Furthermore, they study bundled payments whereas we
focus on a readmission penalty contract.
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Our work contributes to this literature by investigating payment contracts that improve cost and
quality in referral services, but our focus is on a B2B contract between peer providers, where both
parties may exert effort influencing patient care, rather than a payer-provider setting where the
payer does not make medical effort decisions directly affecting care outcomes.5 Thus, a distinctive
factor in our setting is that we seek to find a contract that aligns both players’ efforts simultaneously
when the incentives to exert costly effort are in opposition to each other’s interests.
Some literature investigates the hospital-physician relationship. Burns and Muller (2008) provide
a thorough review of the different types of contractual arrangements between hospital and physician
groups and analyze the effectiveness of those arrangements in improving access, quality, and cost
in healthcare. The tensions in the hospital-physician relationship often arise due to the misaligned
incentives caused by physicians having a large influence in driving hospital costs and service quality.
These tensions vary according to the level of integration between the hospital and the physicians
(Vlachy et al. 2017). In that context there is no referral between the hospital and the physicians.
In addition, the hospital and the physicians are usually paid independently and do not bear the
cost of treatment failure. Hence, the incentives in the hospital-physician setting substantially differ
to those studied in our setting.
A stream of literature has studied incentives for healthcare “gatekeepers”, who control patients’
access to specialist services (like the service requester in our paper). Many managed care plans use
gatekeepers (primary care physicians, or general practitioners in the UK). Some of this literature
focuses on how a payer can incentivize the gatekeeper to effectively refer patients (Mariñoso and
Jelovac 2003, Malcomson 2004). Liu et al. (2015) are interested in the optimal policy for two-way
referrals between two hospitals and their primary concern is congestion and waste of resources.
They design threshold policies to help the hospitals determine which patients to re-direct to the
other hospital. The referral decision follows diagnosis and is based on the complexity of the patient’s
condition, with no effort decision. The authors show that a cost-sharing contract can coordinate
the two-way referral system. In our model of a one-way referral system without threshold policy
and where both parties exert effort, we find that cost-sharing does not achieve coordination. In our
research, the requester does not decide whether or not to make a referral; rather she influences the
referral volume by exerting preventive effort. Moreover, we do not focus on capacity and congestion
issues. Instead, we are interested in coordinating the efforts exerted by the two parties as a way to
quantify the amount of preventive activities by the requester, and the intensity of follow-up care by
5

The literature on B2B contracts between peer providers in a healthcare setting is sparse. One notable exception
is Bravo et al. (2016) who study risk sharing between a service requester and a provider where the demand for the
service is uncertain and there are no effort decisions. They show that a two-price piecewise linear contract allows
parties to optimally share risks due to demand uncertainty. In contrast, our focus is on coordination of effort decisions
in a peer-to-peer setting.
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the provider, that improve the chance of treatment success and ensure better health outcomes. In
addition, we derive an optimal contract between the requester and the provider, and not between
the payer and the requester (gatekeeper).
Our work also relates to the outsourcing and contracting literature in services and product supply
chains (Pinker et al. 2010, Kaya and Özer 2011). Ren and Zhou (2008) study the coordination
of staffing and effort levels in a call center setting using queuing theory. Cost-sharing contracts
can coordinate staffing and quality if the service quality effort is observed. Otherwise, the authors
propose a partnership contract. A main difference is that in their setting only the call center
exerts effort. Lee et al. (2012) consider outsourcing contracts in a two-level service process and
show that first-best contracts exist when only one level of the process is outsourced. Cachon and
Lariviere (2005) show that revenue sharing contracts can coordinate price and quantity decisions
but not effort decisions when these affect demand. Roels (2014) proposes a framework to study
co-productive services between an end-customer and a service provider, where the service value
depends on the effort of the two parties, while the firm designs the type of collaboration. In contrast,
in our setting the service value, corresponding to the reduction of referrals and follow-up costs,
is linked to the requester and provider’s efforts, not the patient’s, via the volume of referrals and
chance of treatment failure. Moreover, the type of collaboration, i.e. how the efforts affect the
service value, is not a decision. In addition, we are concerned with designing a contract between
the two firms to achieve coordination.
Several papers address the problem of joint cost reduction via appropriate contracting in supply
chains (Kim and Netessine 2013). Close to this work, Corbett and DeCroix (2001) focus on efficient
shared-savings contracts for jointly reducing consumption of indirect materials. The misalignment
of incentives is similar to our setting: the buyer wants to minimize consumption (i.e., cost of indirect
material), while the supplier benefits from higher consumption through higher revenue. In a related
paper, Corbett et al. (2005) study a similar problem in a more general setting allowing linear costof-effort functions and consider also contracts that are nonlinear in the quantity consumed. They
find that the first-best can sometimes be achieved by a shared-savings contract. Our model, on the
other hand, tailored to a peer-to-peer healthcare contracting problem, captures the variable cost
of effort, and also incorporates a quality dimension by capturing the impact of provider’s effort on
the chances of treatment failure and follow-up costs affecting the requester. These key distinctions
result in fundamental differences in the way that efforts affect the outcome and in the incentives
driving decisions and efficiency of a variety of contracts. For instance, in Corbett and DeCroix
(2001) and Corbett et al. (2005) a shared-savings contract reduces to a two-part tariff contract
that incentivizes the supplier to exert some effort. In our setting, the shared-savings contract is
not a two-part tariff, and none of these contracts can achieve the first-best.
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A stream of research on quality management considers a supplier deciding on the quality of
production, and a buyer deciding on the quality inspection policy or quality appraisal mechanism
to encourage the supplier to exert higher quality effort. A wide variety of contracts have been
proposed, including penalty (Reyniers and Tapiero 1995), cost-sharing (Chao et al. 2009, Ma et al.
2013), revenue sharing (El Ouardighi 2014), warranty (Balachandran and Radhakrishnan 2005),
and deferred payment contracts (Babich and Tang 2012). In this paper, the service requester cannot
use quality inspection or appraisal like in some manufacturing settings. In addition, the buyer’s
effort consists in assessing quality without affecting directly the production output. In our setting,
the service requester’s effort affects the referral volume, and hence negatively impacts the provider’s
bottom line, which fundamentally changes the problem of finding a coordinating contract.

3.

Model

We consider a B2B service chain in the healthcare industry consisting of a service provider (he), and
a service requester (she) serving a given population for a given condition.6 The service requester
is in charge of managing the health of a patient population and is also financially responsible for
the cost of care that they receive. This situation is common for self-insured healthcare networks,
HMOs, and, more recently, for ACOs that have adopted capitation-like contracts with payers (Tu
et al. 2016, Lewis et al. 2014).7 While the majority of the care services can be provided within the
requester’s network, there are some services (e.g., complex, specialized, or advanced procedures)
for which a referral is required. Referrals are serviced by the service provider, but the requester is
responsible for the referral service cost.
The requester, in her role of maintaining the patients’ health, can exert effort. This effort may
include implementing chronic condition management programs, patient education and monitoring
programs, promoting prevention and patient health maintenance. The requester’s ultimate goal is
to avoid more serious health issues that would require referring the patient to the service provider
thus generating extra costs. We denote eR the effort level selected by the service requester. Exerting
effort eR incurs a cost cR (eR ) for the requester for each patient in the population she is serving. The
size of the population is denoted by v0 . When patients require specialized care, the service requester
6

In practice, both the provider and the requester serve a variety of patients for a variety of conditions. We study
coordinating contracts for one specific category of patient and condition, characterized by a treatment cost, treatment
failure cost, effort cost function, referral volume function and chance of treatment failure function. The provider and
the requester would then have a portfolio of contracts applicable to each category. This approach is inspired by the
fixed fee per service payment model where the payment to the provider is different for each procedure and where the
specific patient type affects the extent of the intervention and thus the price charged to the requester.
7

Lewis et al. (2014) states that ACO contracts are generally based on one of three payment arrangements: sharedsavings, global budgets, and capitated payments. Our model is consistent with two-sided shared-savings contracts
(where both savings and losses are shared between the two parties), global budget contracts and capitated payments
contracts between payer and requester.
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refers them to the service provider. The total volume of patients referred to the service provider is
affected by the effort exerted by the requester; we denote it as v(eR ). The procedure provided by
the service provider for the condition considered incurs a standard treatment cost T1 per patient.
Once a patient is referred, the provider is in charge of the patient’s care, including aspects beyond
the standard procedure per se, such as making sure the patient understands discharge instructions
(e.g., dietary restrictions, surgical site care to avoid infection) and medication plan, ensuring the
patient has appropriate support at home, following up by phone after discharge, providing nurse
visits at home if necessary, contacting the primary care physician to coordinate post-discharge
care, etc. In this role, the service provider selects effort level eP , which incurs a cost of effort
cP (eP ) for each patient. We emphasize that the provider’s effort consists in optional post-treatment
care that is additional to the standard procedure that the provider is paid for. Consistent with
Andritsos and Tang (2015), it involves costly, but non-billable interventions. Such interventions are
highly beneficial to the patient’s health outcome by improving the chance of proper recovery, but
the provider cannot bill the requester for implementing them. In particular, the provider’s effort
selection does not imply any choice of treatment route or intensity that under FFS would lead
to different levels of reimbursement. For a study of how the provider’s choice among a variety of
treatment options is affected by the payment system, the reader may refer to Adida et al. (2017).
Following treatment, the patient returns under the care of the requester. However, there is a
chance that the procedure “failed”, and that further medical attention is required (e.g., readmission, rehabilitation, stabilization, extensive check-ups, etc.). In such a situation, the requester
incurs a cost T2 per patient. The effort exerted by the provider impacts the probability of treatment failure; we denote q(eP ) the probability that the patient requires further care after receiving
referral treatment (i.e., the “failure” probability).8 Note that the preventive effort exerted by the
requester does not affect the chance of treatment failure. This modeling choice is consistent with
the definition of the requester’s effort as entailing primarily preventive activities that aim at reducing the need for outside referrals. For example, educating a patient in lifestyle changes to avoid
a complicated surgery has little impact on the patient’s chance of infection of the surgical site,
should the surgery end up being required. Essentially, for a given patient the requester’s preventive
effort either prevents the need of a referral or not. In the latter case, the effect of the requester
preventive effort on the outcome of the provider’s treatment is negligible. The chance of “success”
of the referral procedure may vary mostly based upon proper medication management, steps to
avoid infection, understanding discharge instruction, appropriate support at home, follow up nurse
8

Because we focus on a specific patient type and a specific condition, costs and treatment outcomes tend to be
homogeneous and thus we assume that the standard treatment cost T1 and the complication cost T2 are the same for
all patients in this population, and that the chance of treatment failure is the same for all patients.

Adida and Bravo: Contracts for healthcare referral services
Forthcoming in Management Science

12

visits, etc., which are the responsibility of the provider. In Appendix F, we consider the case where
the chance of treatment failure depends on both the provider and the requester’s efforts and find
that our main coordination results continue to hold. All appendices can be found in the online
supplement.
The requester and the provider make their decisions with the goal of maximizing their own
individual profit. We make no assumption regarding the order of the decisions. Namely, our results
remain valid whether the provider moves first, the requester moves first, or they make simultaneous
decisions. For ease of reference we provide a glossary of notation in Appendix A. We make some
mild assumptions on the functions defined above.
Assumption 1 (Convexity of the cost, volume, and failure probability functions).
1. Effort costs cR (·) and cP (·) are non-negative convex increasing;
2. Patient volume v(·) is non-negative convex decreasing;
3. Probability of referral treatment failure q(·) is non-negative convex decreasing.
Assuming that costs of effort are convex means that the marginal costs are increasing, that is,
there are “low-hanging” fruits: some measures may incur a rather low cost while having a positive
impact on patients, but further actions become increasingly costlier. The convexity of cost of effort
is a common assumption in the literature (e.g., Bhattacharyya and Lafontaine 1995, Xue and Field
2008, Roels 2014, Andritsos and Tang 2015). In a similar fashion, assuming that the patient volume
and the failure probability are convex (decreasing) implies that the slope becomes gradually less
and less steep, that is, an increment in effort when the current effort level is near zero has a large
impact on both measures, but further effort becomes less influential. This assumption is consistent
with the common assumption in the literature that efforts yield diminishing returns (Roels 2014).
We also make some technical assumptions:
Assumption 2. v(·), q(·) and cP (·) satisfy the following inequalities for all effort levels:9
v v 00 q q 00
· 02 ≥ 1,
v 02
q

v v 00 cP c00P
· 02 ≥ 1.
v 02
cP

(1)

These conditions, which are sufficient to guarantee that the optimization problems we consider
are convex, can be viewed as a stronger version of Assumption 1, by requiring that v(·), q(·) and
cP (·) are sufficiently convex. Intuitively, these conditions ensure that there is some opportunity for
improvement, that is, that exerting effort can be beneficial from a system perspective. The first
expression indicates that the volume and the probability of treatment failure functions have to be, in
combination, convex enough. That is, an incremental amount of requester and/or provider effort can
9

Prime (0 ) and double prime (00 ) respectively denote the first and second derivatives.
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rapidly decrease the referral volume and/or probability of treatment failure. Similarly, the second
expression indicates that the volume and provider cost of effort functions are, in combination,
convex enough. That is, an incremental amount of requester and/or provider effort can rapidly
decrease the referral volume without incurring a very large cost of effort (i.e., the change in cost due
to an increase in effort is much more gradual). Overall, these conditions imply that there are lowhanging fruits in term of the effectiveness of the requester and provider efforts. From a practitioner’s
perspective, this assumption is validated by research showing that when implemented, simple steps
can have a big impact on prevention (Stampfer et al. 2000) and on avoiding readmissions (SilowCarroll et al. 2011). Song (2014) observes that ACOs have generated substantial savings to date
and that “the low-hanging fruit in Medicare seems to be admissions and readmissions, while that
in commercial contracts may be lower prices obtained by changing referral patterns”.
Finally, we note that our model focuses on the interaction between requester and provider, and
does not explicitly include the contract between the requester and the payer. This approach is
consistent with a setting where the requester is financially responsible for the entire healthcare cost
of the beneficiaries, and her revenue is independent of the effort decisions made by the requester and
the provider. Thus the requester aims at minimizing her operating costs (while maintaining quality
of care). This framework matches several types of capitation-like contracts used by ACOs, including
the two-sided shared-savings, global budget, and capitated payment contract with the payer (Lewis
et al. 2014). Under these contracts, the ACO gets to keep all or a portion of any savings generated
compared to a certain benchmark, and bears all or a fraction of the costs incurred beyond the
benchmark. Thus, the ACO benefits from expenses lower than the benchmark, and incurs losses if
the expenses exceed it. Such payment systems between ACO and payer thus incentivize the ACO
to incur operating costs that are as low as possible, as long as quality standards are met, consistent
with our modeling approach.10

4.

Effort Levels Under Different Payment Systems

In this section, we present in detail the centralized system, the FFS payment system, and the
penalty contract. Appendix E presents alternative payment systems including capitation, costsharing and shared-savings payment contracts.
10

Having an outcome-based contract between the payer and the requester (Zorc et al. 2017), either as an exogenous
penalty for poor outcomes (high failure rate and/or referral volume) or as an exogenous reward for better outcomes,
would ultimately increase the incentives for the requester to exert higher levels of effort. However, the incentives for
the provider under FFS would not change; hence, the underlying misalignment of incentives in the referral market
would be exacerbated. Despite obtaining a different magnitude of the efforts, the coordination results and insights
would remain the same.
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4.1.

Centralized System and the First-Best

In order to evaluate the performance of different payments schemes and understand what would
be the “ideal” levels of effort to target, we need to define a benchmark. To this end, we analyze a
centralized system comprising both decision-makers: the service provider and the service requester.
Forming a single entity in the centralized system, their joint decisions are aimed at maximizing the
cumulative total system profits. We note that the centralized system does not take patient utility
into account. This is because a benchmark to compare the decentralized decisions must include
only the profits of the agents making decisions. However, in Section 6 we define the patient utility
and the social welfare, and we obtain the optimal effort levels for a system comprising the service
provider, the service requester as well as the patient population.
In a centralized system, the requester and the provider operate as a unified care system. The
first-best optimizes the total profits for the entire centralized system:
ΠT (eP , eR ) = −v0 cR (eR ) − v(eR )[cP (eP ) + q(eP )T2 + T1 ].

We make some remarks on the above expression. First, as detailed in Section 3, we omit the
revenue that the requester receives for taking care of the population of patients11 (e.g., from the
payer in case of an ACO or from patients’ premiums in case of an HMO), as well as the operating
costs for providing standard care to these patients in-network. These cash flows are independent
of the effort levels and volume of referrals, so we treat them as constants and omit them from the
profit expression above to be maximized, leaving only the components that depend on the decisions
we are analyzing in this model. Second, we observe that the centralized total profit is independent
of the payment contract between the requester and the provider since the contract involves cash
flows that are internal to the centralized system.
Before analyzing the first-best efforts, we establish a technical result. All the proofs are provided
in Appendix D.
Lemma 1. ΠT is jointly concave in (eR , eP ).
11

Our model can capture the situation whereby the payer imposes an exogenous penalty on the requester for poor
patients outcomes (e.g., combined capitation and penalty contract). For instance, the requester’s revenue from the
payer could be contingent on failure probability q(·). Indeed, our current model would capture this situation by
increasing the value of parameter T2 (cost of a failed treatment) accordingly, and so the analysis and findings would
continue to hold unchanged. The requester performance could also be measured by the volume of referrals, and the
requester could receive a bonus for the patients who are not referred to an external provider. In such a situation,
the requester (and the centralized) profit would have an added term +a(v0 − v(eR )). The first order conditions
would be slightly modified; however, all our results remain unchanged under this scenario. The case where the payer
endogenously adjusts payments to the requester based on her outcomes would require analyzing a different model
incorporating the payers decision-making, and is left as a direction of future research.
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Thus, the first-best solution (e∗P , e∗R ) is obtained from the first-order conditions:
c0P (eP ) = |q 0 (eP )|T2 ,

(2)

|v 0 (eR )|[cP (eP ) + q(eP )T2 + T1 ] = v0 c0R (eR ).

In order to guarantee positive solutions for the first-best efforts (as well as for efforts under other
payment systems considered in the paper), a sufficient condition is c0P (0) = 0 and c0R (0) = 0 (Bhattacharyya and Lafontaine 1995, Kim and Wang 1998, Corbett and DeCroix 2001). In the rest of the
paper, similar to Corbett and DeCroix (2001) and Roels (2014), we focus on non-border equilibria.
We now investigate some comparative statics properties of the first-best solution.
Lemma 2. The first-best efforts are such that
• e∗P is invariant in T1 and increasing in T2 .
• e∗R is increasing in both T1 and T2 .

These results are consistent with intuition. The provider exerts more effort at the first-best when
the cost of treatment failure T2 increases, since this cost affects the overall profit. On the other
hand, when the treatment cost T1 increases, there is no reason to increase the provider effort.
Indeed, the provider effort only affects the chance of treatment failure and thus costs incurred only
in case of treatment failure. Conversely, the centralized system has an incentive to increase the
requester effort to either reduce the volume of patients requiring treatment if the treatment cost
T1 increases, or susceptible to the unsuccessful treatment cost if the failure cost T2 increases.
4.2.

Traditional Payment Contract: FFS

The traditional reimbursement practice in the healthcare industry is FFS, that is, a fixed singlepayment per service transaction.
While such a payment scheme presents great simplicity and ease of implementation, it has some
major drawbacks, which have been studied in the literature (Jiang et al. 2012, Adida et al. 2017).
A FFS payment structure rewards the provider for volume (number of patients), not for providing
care of better value or improving patient outcomes. The misalignment of incentives under FFS is
the main reason why in the Affordable Care Act, several new payment initiatives are being tested
to improve quality of care while reducing spending.
Under FFS the requester pays a fixed, set in advance, price wF F S for each patient receiving
the treatment from the provider. The fixed price is exogenous and independent of the provider’s
effort decision. In other words, as detailed in Section 3, we focus on a given treatment procedure
subject to a given level of reimbursement, and we model the provider’s effort as additional care
(e.g. follow-up care), which is not billable. This effort does not directly affect the treatment cost,

Adida and Bravo: Contracts for healthcare referral services
Forthcoming in Management Science

16

which corresponds to a standard intensity of care. On the other hand, the provider’s effort can
increase the chance of a successful treatment, but it is optional (and costly) for the provider. The
requester and the provider profits under FFS are given by:
ΠP (eP , eR ) = v(eR )[wF F S − cP (eP ) − T1 ]
ΠR (eP , eR ) = −v0 cR (eR ) − v(eR )[wF F S + q(eP )T2 ].
To ensure participation of the provider, we assume that the price wF F S is high enough to
guarantee the provider a non-negative profit at least if he were to exert no effort:
wF F S ≥ cP (0) + T1 .

(3)

We examine the provider and requester decisions. Clearly, ΠP is decreasing in eP , so consistent
with Andritsos and Tang (2015), the optimal decision for the provider is to exert no effort: eFP F S = 0.
Indeed, the provider has no incentive to exert effort that incurs a cost for him and only benefits
the requester (by lowering the chance of treatment failure) and the patient. Thus, if it is desired
that the provider exert some level of effort, the provider must be otherwise compensated to be
induced to do so. Furthermore, under Assumption 1, ΠR is concave in eR . Therefore, the optimal
effort level eFRF S satisfies the first-order condition:
|v 0 (eR )|[wF F S + q(0)T2 ] = v0 c0R (eR ).

(4)

Similarly to the centralized case, we note that eFRF S > 0. The following lemma establishes how the
requester effort changes when the contracted price per procedure varies.
Lemma 3. eFRF S is increasing in wF F S .
This result illustrates that when the requester must pay more for each referral, she has more
incentives to intensify her effort aimed at reducing the volume of referrals required.
4.3.

Penalty Contract

The Hospital Readmissions Reduction Program (HRRP) was established under the Affordable Care
Act and started being implemented in 2013. Its goal is to create incentives for hospitals to reduce
avoidable readmissions, by reducing the amount that the insurer pays when too many patients are
readmitted within a pre-defined time window after discharge (Zuckerman et al. 2016, Zhang et al.
2016). The payment penalty has reached up to 3% since 2015.
Inspired by the HRRP, we consider a penalty contract in which the provider receives a fixed
fee per patient, and is retrospectively penalized for treatment failures (Lee and Zenios 2012). (For
differences between the penalty contract and the HRRP, refer to the literature review in Section
2). The provider receives wP EN for each patient treated successfully. If the treatment fails, the
provider only receives a fraction f of payment wP EN (i.e., 1 − f represents the extent of the penalty
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imposed on the provider). Hence, the provider has an incentive to exert effort to reduce the chance
of failure, as any unsuccessful treatment lowers the revenue received from the requester. Similar
to FFS, the readmission penalty contract incentivizes the requester to exert effort by imposing
a payment wP EN for each referral (although the payment is reduced to wP EN (1 − f ) in case of
failure). The provider and the requester profits are given by:
ΠP (eP , eR ) = v(eR )[wP EN (1 − q(eP )(1 − f )) − cP (eP ) − T1 ]
ΠR (eP , eR ) = −v0 cR (eR ) − v(eR )[wP EN (1 − q(eP )(1 − f )) + q(eP )T2 ].
To ensure participation of the provider, we assume that the price wP EN is high enough to guarantee
the provider a non-negative profit when he exerts his optimal effort ePP EN . That is, we assume
wP EN (1 − q(ePP EN )(1 − f )) ≥ cP (ePP EN ) + T1 .

(5)

By Assumption 1, the provider’s profit is concave in eP and the requester’s profit is concave in eR .
As a result, the optimal effort levels ePP EN and ePREN satisfy the first-order conditions:
c0P (eP ) = |q 0 (eP )|wP EN (1 − f )

(6)

|v 0 (eR )|[wP EN (1 − q(eP )(1 − f )) + q(eP )T2 ] = v0 c0R (eR ).

We now investigate how the efforts under a given penalty contract are affected by changes in
the treatment and failure costs. Lemma 4 and Lemma 5 summarize these findings.
Lemma 4. For fixed penalty contract parameters, f and wP EN , resulting efforts are such that:
• ePP EN is invariant in T1 and in T2 .
• ePREN is invariant in T1 and increasing in T2 .

The treatment cost T1 only affects the provider’s profit, so changing it does not affect the effort
exerted by the requester. The provider incurs the treatment cost for every patient referred; his
level of effort does not change the patient volume, so the provider’s effort is not sensitive to the
treatment cost T1 . The provider’s effort is not influenced by the cost T2 born by the requester in
case of treatment failure, since that cost does not affect the provider’s profit. The requester incurs
the failure cost T2 for every patient whose treatment fails. Hence, increasing effort would reduce
the volume of patients referred, and thus the volume of failed treatments, therefore a higher failure
cost T2 motivates the requester to increase her effort.
In addition we also investigate how the efforts under the penalty contract are affected by changes
in the contract terms.
Lemma 5. The effort levels are such that:
• ePP EN is increasing in wP EN and decreasing in f ;
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• ePREN is increasing in wP EN for wP EN (1 − f ) ≥ T2 , but not necessarily monotonic otherwise;

ePREN is increasing in f for wP EN (1 − f ) ≤ T2 , but not necessarily monotonic otherwise.
The provider has an incentive to exert more effort when the loss of profit per failed treatment
experienced due to the penalty, wP EN (1 − f ), increases (i.e., wP EN increases and/or f decreases),
as in that case the provider would exert effort to ensure fewer treatments fail. When the payment
per patient keeps increasing past the point where the penalty compensates the failed treatment
cost, the requester is incentivized to exert more effort to reduce the volume of referrals. Likewise,
if the fraction f received by the provider increases on the domain where the penalty does not
compensate the failed treatment cost, the potential cost to the requester incurred by each referred
patient increases and thus the requester exerts more effort to lower the number of patients referred.

5.

Discussion and Coordination to the First-Best

Consistent with the literature on supply chain management (e.g., Cachon 2003), we use the centralized setting as a benchmark to compare payment contracts to. Thus, we define coordination as
matching the first-best decisions. Specifically, a coordinating contract would lead to the maximum
possible joint total profits for the system comprising the service requester and the service provider.
In Section 6, we consider an alternate coordination goal that aims at aligning decisions with the
social optimum, that is, the optimal solution of a system including the patients as well as the
requester and provider. In such a case, the social welfare, comprising the joint profits of the service
requester and the service provider as well as the patients’ utility, would be maximized.
5.1.

FFS

Under FFS, the provider exerts zero effort, regardless of the price paid per patient. Hence there is
no FFS contract (i.e., there is no price wF F S ) that may coordinate the provider’s effort. Moreover,
the FFS requester effort does not match the first-best requester effort in general, as precised below.
Proposition 1. eFRF S > e∗R for all FFS prices wF F S such that (3) holds.
There are two reasons driving the FFS requester effort to exceed the first-best effort. First, under
FFS the provider exerts no effort to limit the chance of treatment failure and hence the complications costs that the requester is responsible for. Thus, to curb these costs, the requester must lower
the volume of patients more than under the first-best by exerting high effort. Second, under FFS
for each referral the requester pays the provider a fee that covers not only the effort and treatment
costs incurred, but also a profit margin (due to condition (3)) which is absent at the first-best.
Therefore, the requester under FFS has incentives to exert more effort than at the first-best to
reduce the volume of referrals and thus these profit margin payments.
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It follows from Proposition 1 that there is no price wF F S that may coordinate the requester’s
effort. As a result, a FFS contract is unable to coordinate either the requester or the provider effort
levels with those at the first-best.
5.2.

Penalty Contract

Penalty vs. first-best. We compare the efforts under a penalty contract with the first-best
efforts for a given contract characterized by wP EN and f .
Proposition 2. The requester effort e∗R ≤ ePREN . In addition, the provider effort e∗P < ePP EN iff
T2 < wP EN (1 − f ).
Under the penalty contract, for each referral the requester pays the provider a fee that covers not
only the effort and treatment cost incurred, but also a profit margin (due to condition (5)) which is
absent at the first-best. Thus the requester has incentives to exert more effort than at the first-best
to reduce the volume of referrals and these profit margin payments. Also, the failure cost T2 affects
the provider effort at the first-best (Lemma 2) but not under a penalty contract (from (6)). If the
failure cost is low, at the first-best the provider exerts less effort as complications have less impact.
Moreover, if the revenue loss under the penalty contract is large, the provider’s effort is high to
curb the loss from the penalty.
Coordination. It appears from Proposition 2 that it is possible to select a price wP EN and a
penalty factor f such that the provider effort under the penalty contract aligns with the first-best
effort, as long as wP EN (1 − f ) = T2 . Moreover, while in general the requester’s effort under the
penalty contract is larger than or equal to the first-best effort, it is possible to ensure coordination.
We formalize this in the result below.
Theorem 1. If cP (e∗P ) + T1 > (1 − q(e∗P ))T2 , a penalty contract with price wP EN = q(e∗P )T2 +
cP (e∗P ) + T1 and penalty factor f = 1 − T2 /wP EN coordinates the provider’s and requester’s efforts.
The above key result shows that the penalty contract can align the decisions of the decentralized
system to those at the first-best.12 We make three observations. First, we believe it is not trivial that
a two-parameter penalty contract can coordinate decisions. Indeed, the two-parameter cost-sharing,
shared-savings and two-part tariff contracts are unable to achieve coordination (see Appendix E).
Second, this result differs from the traditional supply chain coordination result stating that a
12

The condition in Theorem 1 is not necessary to ensure the coordination result, rather it guarantees that the
coordinating fraction f is non-negative. A negative fraction f implies a coordinating penalty 1 − f that exceeds 100%,
that is, the service provider would not be paid anything in case of failed treatment, and would even have to pay the
service requester. This would be the case when the treatment cost is low compared to the failure cost (T1  T2 ),
the provider effort cost is low, and yet at the first-best the probability of success is not sufficiently high. In such a
situation, the requester experiences high failure cost, while the provider experiences low treatment and effort cost.
Thus the provider would have to compensate the requester for treatment failures, which are encouraged by the too
low chance of success due to the too low provider effort.
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two-part tariff contract can coordinate the decisions in a supply chain with one upstream agent
and one downstream agent (e.g., Cachon and Lariviere 2005). As mentioned in Appendix E, in
our framework the penalty contract does not reduce to a two-part tariff contract; furthermore a
two-part tariff contract cannot coordinate the effort decisions. Third, we establish the robustness
of this result in Appendix F where we show that this finding continues to hold when the chance of
treatment failure depends on both the requester’s and the provider’s efforts.
Comparative statics. We obtain the following comparative statics result on the coordinating
contract parameters.
Proposition 3. The coordinating penalty contract parameters are such that wP EN is increasing
in both T1 and T2 , and f is increasing in T1 and decreasing in T2 .
This result states that, as the treatment cost T1 increases, the price paid by the requester for
treating each patient and the fraction of payment received by the provider in case of failure both
increase. This is because a higher treatment cost makes the first-best requester effort increase
and leaves the first-best provider effort unchanged (Lemma 2), while the efforts under the penalty
contract are both unchanged (Lemma 4). Thus the penalty contract terms must be modified to
ensure that (i) the requester adjusts her effort level upwards and (ii) the provider effort remains
unchanged. Making the requester pay more for each referral gives the requester incentives to reduce
the volume by increasing her effort, achieving goal (i). However, this alone would increase the loss
of profit wP EN (1 − f ) per failed treatment experienced by the provider, which not only would break
coordination, but also would incentivize the provider to increase his effort (see Lemma 5). Thus, to
ensure that the provider maintains his effort level (goal (ii)), the increase in per-patient payment
is accompanied by an increase in the penalty fraction, so that wP EN (1 − f ) remains constant.
As the cost of unsuccessful treatment T2 increases, by Lemma 2 the first-best provider and
requester efforts increase as well. Moreover, the provider effort under the penalty contract is
unchanged, while the requester’s increases (Lemma 4). Moreover, because of condition (5), the
first-best requester effort increases faster than the penalty contract requester effort. Hence, in order
to maintain coordination the penalty contract must provide incentives to (i) increase the provider
effort, and (ii) slightly increase the requester effort. Increasing both the per-patient payment wP EN
and the penalty fraction 1 − f achieves both goals. First, the loss of profit wP EN (1 − f ) per failed
treatment experienced by the provider increases, giving him incentives to exert more effort in order
to reduce the number of treatment failures. Second, the increase in wP EN tends to incentivize the
requester to exert more effort to reduce the volume of referrals, while the increase in the penalty
fraction reduces the cost that she bears for each failed treatment, which mitigates the incentive to
increase volume and thus ensures that the effort only slightly increases.
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Patient Utility and Social Welfare
Patient Utility

So far we have ignored the impact of effort level decisions on patients. Yet, the efforts that the
requester and provider exert directly affect the value that patients receive. In our model, effort may
reduce the need for advanced treatment by the provider and the chance of complications. Thus we
define the patient’s utility in terms of a loss that represents the discomfort of undergoing advanced
treatment, and, if applicable, the potential distress of facing complications. A referral treatment
results in a value loss of −u1 . If the patient requires further care due to unsuccessful treatment,
the total value loss is −u2 , where u2 > u1 > 0. Thus, the overall patient population’s (dis)utility is:
ΠP T (eP , eR ) = −v(eR )(u1 + (u2 − u1 )q(eP )).
Note that higher effort levels are always preferred from the patients’ perspective.
Lemma 6. ΠP T (eP , eR ) is concave.
By coordinating the efforts to the first-best, we avoid a loss of efficiency due to the decentralization of service operations between the requester and the provider. However, the first-best efforts do
not generally result in the best outcome for patients. For instance, although FFS does not provide
incentives for the provider to exert any effort, it does incentivize the requester to exert an effort
larger than at the first-best. This trade-off could potentially result in FFS yielding better outcomes
than the first-best for patients. We further investigate this point numerically in Section 7.
6.2.

Social Welfare

In this section, we introduce the notion of social welfare. The centralized system studied in Section
4.1 comprises the service requester and the service provider, but not the patients. Optimizing
the requester and provider’s joint profit yields the first-best. Hence, coordination to the first-best
disregards the patients’ benefit. When designing a healthcare payment system, it is important
to take into consideration the patients’ utility in addition to the profits of the firms involved in
providing care. To this end, we introduce a broader system that considers the patients, the requester
and the provider, and we define the corresponding social welfare value function as
ΠS (eP , eR ) = ΠR (eP , eR ) + ΠP (eP , eR ) + ΠP T (eP , eR ) = ΠT (eP , eR ) + ΠP T (eP , eR )
= −v0 cR (eR ) − v(eR )[cP (eP ) + q(eP )T˜2 + T̃1 ],
where T˜2 = T2 + u2 − u1 includes the treatment failure cost born by the requester and patient, and
T̃1 = T1 + u1 includes the treatment cost born by the provider and patient. We observe that the
social welfare is identical to the centralized profit ΠT (eR , eP ) after substituting the modified cost
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of treatment T̃1 (> T1 ) for T1 , and the modified failure cost T̃2 (> T2 ) for T2 . Therefore, results for
socially optimal effort levels follow directly from the results we obtained for the first-best.
Corollary 1. By Lemma 2, the socially optimal effort levels (eSP , eSR ) are above the first-best
efforts: eSP ≥ e∗P , eSR ≥ e∗R .
Because patients benefit from higher effort levels, adding the patients value function to the centralized profits results in obtaining effort levels that are higher than at the first-best.
Moreover, it follows from Appendix E that capitation, cost-sharing and shared-savings contracts
cannot coordinate both types of effort to the socially optimal effort levels. However, a penalty
contract can do so. The result below follows from Theorem 1 and Proposition 3.
Corollary 2. If cP (eSP ) + T̃1 > (1 − q(eSP ))T˜2 , a penalty contract can coordinate the efforts to
the socially optimal effort levels. Furthermore, the coordinating contract requires a larger price
wP EN and penalty 1 − f than what is needed to coordinate to the first-best.
A larger payment per patient for the requester, and a larger penalty for the provider are required
to coordinate to the socially optimal efforts so as to incentivize higher efforts than at the first-best.
We note that while it is in the requester and the provider’s joint best interest to design a payment
contract aligning their decisions to those at the first-best, in certain contexts they may choose
to align their decisions to the social optimum. For instance, coordination to the social optimum
captures the case when the requester and provider are (at least partially) altruistic. This situation
may realistically arise in a health care environment where the firms’ mission is rooted in public
health. Hence the firms may seek a contract that not only increases their profit, but also improves
patient heath outcomes, which we incorporate via the patients’ utility.

7.

Numerical Analysis

In this section, we evaluate numerically the performance of FFS and of the coordinating contract
using a variety of performance measures. We have established that a FFS contract cannot coordinate the decisions to the first-best or to the social optimal decisions. Yet, it is the contract most
commonly used in practice. Alternatively, the decision-makers could use a coordinating penalty
contract to optimize their joint utility, achieving the first-best. However, this contract does not take
the patients’ utility into consideration, and hence does not maximize the social welfare. Hence, we
aim to evaluate how FFS and the coordinating contract affect the patients and the social welfare.
We first give some background on how the inputs are selected in our numerical examples. Then
we evaluate how FFS performs compared to a coordinating contract for: (i) the requester-provider
system, (ii) the patients, and (iii) the system comprising the requester, provider, and patients (via
the social welfare).
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Example of Procedures and Choice of Inputs

Table 1 presents four examples of procedures and their average reimbursement, reimbursement
paid for readmission, and readmission rate. For instance, a Coronary Artery Bypass Graft (CABG)
is an open heart surgical procedure used to resolve certain blockages in the heart. While it has
a rather high readmission rate, the amount paid in case of readmission is only 32% of the initial
reimbursement. On the other hand, a Cesarean section (C-section) is a much simpler procedure,
less costly, and less likely to require readmission, but the reimbursement for a readmission averages
110% of the initial payment. Albeit imperfect, the relationship between the initial reimbursement
and the readmission reimbursement can serve as a reasonable indicator of the relationship between
the treatment cost and the failure cost. Thus, CABG can be viewed as an example of procedure for
which the treatment cost T1 is high compared to the failure cost T2 , and the chance of readmission
is high, while C-section is an example of procedure where the reverse is true.13 For the two other
procedures presented in the table, the costs ratio and the chance of readmission are intermediate.
Our numerical experiments illustrate the role played by these factors.
Table 1

Procedure
CABG
Hip replacement
Hysterectomy
Cesarean section

Example of procedures.

Number of
Mean
Readmission rate
Mean readmission
cases
reimbursement [$/case]
[%]
reimbursement [$/case]
136,057
479,491
252,461
1,143,070

40,068
18,836
11,604
6,443

12
7
5
2

13,127
14,314
10,953
7,104

National statistics from 2013 obtained from HCUPnet, Agency for Healthcare Research and Quality (2013).

We consider the following functional forms for the cost of effort, probability of treatment failure,
κeR
and volume. The cost of effort functions are cP (eP ) = cP0 eλeP and cR (eR ) = cR
. The probability
0e

of treatment failure is modeled as q(eP ) = q0 e−γeP . The volume is represented as v(eR ) = v0 e−δeR .
Parameters λ, κ, γ, and δ are positive. It is easy to check that these functions satisfy Assumptions
1 and 2. The solutions obtained in our numerical experiments result in non-border solutions.
In the examples presented in Table 1, the initial reimbursements, indicative of (but larger than)
the treatment costs, are much more heterogeneous than the readmission reimbursements, indicative
of the failure costs. Hence, we fix the treatment failure cost at T2 = 10, 000, and we consider two
possible values of the treatment cost T1 ∈ {5, 000; 20, 000} to capture the wide possible range for
13

The requester can exert preventive and educational effort to reduce the risk of requiring CABG (stop smoking,
lose weight, consume less alcohol) or a C-section (exercise, limit weight gain, stop smoking, take childbirth classes).
If the procedure is needed, the provider can, in addition to delivering the procedure, exert follow up effort to avoid
or to identify early some of the complications (e.g., infection) that the patient might experience after treatment.
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the ratio of these two costs (while noting that neither scenario is an exact match to the procedures
presented in Table 1). The FFS price must cover the treatment cost to ensure participation of
the provider, and should also cover expenses like overhead as well as a profit margin. Therefore,
we vary the FFS price in the range [T1 + cP0 , 3T1 ]. We consider two possible values for parameter
q0 representing the chance of failure when the provider exerts no effort: q0 ∈ {5%; 15%}. For the
population volume, we use v0 = 1000 (the results are independent of this value).
The impact of the provider’s effort on reducing the probability of treatment failure is captured
through γ. Jack et al. (2009) estimate that 30-day readmissions can be reduced by 30% by simply
educating patients. In the case of CABG, Perk et al. (1990) report that a comprehensive postoperative rehabilitation program reduced readmission rates from 32% to 14%. Thus we consider
that the provider effort can reduce failure rates by 30-60% compared to the no-effort failure rate
q0 . We choose γ = 0.2 to ensure that the decrease in the failure rate is within the 30-60% range
when the provider exerts the first-best effort.
The impact of the requester’s effort on reducing the referral volume is captured through δ.
The World Health Organization recommends maintaining C-section rates between 10-15% (World
Health Organization 2015); the U.S. C-section rate for low-risk births is 23.9% (Centers for Desease
Control and Prevention 2016). To reach recommended rates, the U.S. has to cut down rates by
40-60%.14 Thus we choose δ = 0.2 so that the reduction in volume due to the requester effort is
within the 40-60% range. We tested smaller values of δ and the insights are similar.
For the provider cost of effort function, we use parameters cP0 = 10 and λ = 1. Jack et al.
(2009) tested an educational discharge program for general health services; they estimate that the
additional labor cost includes 1.5 hours of nurse time and 0.5 hour of pharmacist time per patient.
Considering median hourly salaries of $27 for a nurse and of $55 for a pharmacist (PayScale Inc.
2016), the additional cost per patient is $68. This choice of parameters is such that the cost of effort
at the provider’s first-best effort matches the additional cost of $68 per patient.15 Furthermore, we
use cR
0 = 10 and κ = 1 as a way to normalize the cost of effort for both decision-makers.
To estimate the patient disutility parameters u1 and u2 , we use medical leave time as a proxy.16
Gehring et al. (1988) report that the patients that returned to work after CABG took 6 months or
14

Some hospitals in California have recently managed to reduce the C-section rate by 20% in 6 months (California
Health Care Foundation 2016), and some hospitals have already reached the recommended rate, so with sufficient
effort, this reduction should be achievable.
15

For a complex procedure like CABG, the cost cP
0 would be much larger because specialists and surgeons might
also be involved in the discharge program. However, the insights derived from the numerical analysis do not change
significantly by increasing cP
0 .

16

Perk et al. (1990) report that a CABG post-surgical rehabilitation program did not affect the time to return to
work. This aligns with our assumption that patient costs are independent of effort levels.
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less of medical leave. In the case of a C-section, the California maternity leave disability insurance
covers two additional weeks (State of California, Employment Envelopment Department 2016).
Since the real median household income is $53,482 (based on the U.S. Census Bureau), we consider
u1 ∈ {2, 000; 10, 000}, and set u2 = 3u1 . Table 2 in Appendix B summarizes the value of the
parameters that we use in the numerical implementation.
7.2.

Requester-Provider System

To measure the performance of the FFS contract compared to a coordinating contract from the perspective of the requester-provider system, we compute the ratio ρT = ΠT (eFP F S , eFRF S )/ΠT (e∗P , e∗R ).
Notice that the ratio is always above 1 since the first-best efforts maximize the system profit (i.e.,
minimize the system cost) and ΠT ≤ 0. Thus, the larger the ratio, the more inefficient FFS is. In
Figure 3, we illustrate the behavior of ρT when the FFS price varies.17
Figure 3

Inefficiency of FFS for the Requester-Provider system.

1.15

High failure rate

1.10

ρT

1.05

1.00

High treatment cost

1.15

Low treatment cost

Low failure rate

1.10

1.05

1.00
1.0

1.5

2.0

2.5

3.0

FFS price / Treatment cost

Note. q0 = 15% (top plot), q0 = 5% (bottom plot), T1 = 20, 000 (solid line), T1 = 5, 000 (dashed line).

The FFS inefficiency is increasing in the margin (wF F S /T1 ) of the FFS contract. This can be
explained as follows. The FFS provider effort remains at zero regardless of the FFS price. The FFS
requester effort is above the first-best effort (Proposition 1), and it increases with the price paid
for the service (Lemma 3). Hence, a higher FFS price results in a larger gap between the requester
effort under FFS and first-best, and ultimately worsens the inefficiency of the FFS contract.
17

Note that the values of u1 and u2 have no impact on the inefficiency ratio.
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A change in the treatment cost has a pronounced effect on the inefficiency of FFS, viewed by
comparing the solid and dashed lines in Figure 3. We note that FFS is more inefficient when the
treatment cost is low. We recall from Section 4.2 that the FFS efforts are independent of the
treatment cost. However, by Lemma 2, a lower treatment cost induces the requester to exert less
effort at the first-best. Hence, a lower treatment cost brings the requester first-best effort further
from the FFS effort, and the FFS contract becomes more inefficient.
The effect of the treatment failure probability can be seen by comparing the top and bottom
panels in Figure 3. For a fixed treatment cost and margin value (x-axis coordinate), a higher failure
rate results in a moderately larger FFS inefficiency. Indeed, the provider first-best effort increases
when the failure rate becomes high to directly influence the chance of treatment failure and hence
of extra system costs. Since the FFS provider effort remains at zero, the gap between first-best
and FFS provider efforts widens, which increases inefficiency.
In summary, the coordinating contract is significantly better than FFS for the requester and the
provider especially when the FFS margin is large, the treatment cost is low relative to the failure
cost, and/or the treatment failure rate is high (the last factor being less influential).
These results indicate that the provider and requester have little to gain from implementing a
coordinating contract for a procedure such as CABG due to its high treatment cost relative to the
failure cost (despite its less influential high failure rate). However, for a procedure such as a Csection, characterized by a low treatment cost, the provider and the requester have more to gain by
replacing FFS with a coordinating contract, despite the less influential low failure rate, especially
when the FFS margin is relatively high. This observation is particularly relevant when changing
the payment system would incur high fixed costs (communication, staff training, computer system
changes, etc.) that must be compensated by significant gains.
7.3.

Patient Utility

We now aim to measure the performance of the FFS contract compared to a coordinating contract
from the perspective of the patients. We evaluate the patients’ cost (i.e., −ΠP T ) under both a FFS
contract and a coordinating contract. The results are shown in Figure 4.
Interestingly, we observe that, even though the coordinating contract does not take into account
the patients’ utility, patients may be better off under this contract than a FFS contract in certain
situations. Specifically, we observe that when (i) the FFS margin is low and/or (ii) the failure
rate is high, the patients’ total cost tends to be lower at the first-best than under FFS. We can
explain these observations as follows. Recall that patients benefit from higher effort levels from
both the requester and the provider, but are not negatively impacted by high prices or costs. (i) A
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Total patients’ cost: First-best vs. FFS.

High treatment cost

Low treatment cost

High failure rate
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FFS
First−best

Low failure rate

Total patients' cost (millions)
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3.0 1.0
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FFS price / Treatment cost

Note. q0 = 15% (top plots), q0 = 5% (bottom plots), T1 = 20, 000 (left plots), T1 = 5, 000 (right plots), (u1 , u2 ) =
(10, 000, 30, 000) (high patient disutility).

low FFS price (or margin) results in low requester effort under FFS (Lemma 3), without affecting
the FFS provider effort or the first-best efforts. Hence a low FFS price (or margin) disadvantages
patient utility. (ii) A higher failure rate increases the provider first-best effort to directly mitigate
the higher chance of incurring failure costs, which benefits the patient utility. Hence, a high FFS
price and high failure rate result in overall higher efforts at the first-best than under FFS, and thus
lower patients’ total cost. Note that the treatment cost does not have a strong impact on whether
patients prefer FFS or the coordinating contract. We also analyzed the case where the patient’s
disutility is low (by assuming (u1 , u2 ) = (2, 000, 6, 000)), and recover the same insights and behavior
as shown in Figure 4.
For example, for a procedure like CABG, where patients experience high disutility, patients could
benefit from the implementation of a coordinating contract compared to the currently common
FFS payment scheme, if the FFS margin is not too high (e.g., see top-left panel in Figure 4 when
the FFS margin is less than 1.8, corresponding to a FFS price lower than 38,000). However, patients
would be slightly worse off if a coordinating contract is used instead of FFS for a procedure like a
C-section (where patients experience low disutility, and the patient costs follow a pattern similar
to that of the bottom-right panel in Figure 4).
We note that the criteria that make the patients better off under a coordinating contract than
under FFS do not agree with those that make a coordinating contract most worthwhile for the
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requester and provider (with the exception of the failure rate, which has only a moderate effect
on the requester-provider system’s contract preference). Hence in general, coordination between
requester and provider is more likely to take place in circumstances where the patients’ utility
would be negatively impacted (e.g., both CABG and C-section lead to patients’ interest at odds
with the requester-provider system).
7.4.

Social Welfare

We now aim to measure the performance of the FFS contract compared to a coordinating contract
from the perspective of the social welfare. We determine how the FFS and coordinating contracts
affect the social welfare, that is, the system comprising the patients, the requester and the provider.
We established above that the interests of the patients are generally at odds with those of the
provider and requester regarding when a coordinating contract is most beneficial as compared
to FFS. The social welfare is a combination of the patients’ utility and the provider and the
requester’s profits. Hence it is unclear how the FFS and first-best compare to each other in terms
of social welfare. Furthermore, we compare the social welfare under FFS and under the first-best
coordinating contract to the optimal social welfare (i.e., the social optimum). Figure 5 illustrates
the social cost (i.e., −ΠS ) under a FFS contract, a coordinating contract, and at the social optimum.
Figure 5

Social cost: First-best vs. FFS.

High treatment cost

Low treatment cost
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High failure rate
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Note. q0 = 15% (top plots), q0 = 5% (bottom plots), T1 = 20, 000 (left plots), T1 = 5, 000 (right plots), (u1 , u2 ) =
(10, 000, 30, 000) (high patient disutility).
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We observe that, while it is possible for the social cost to be higher at the first-best than under
FFS (e.g., with high FFS margin, low treatment cost, low failure rate, see bottom-right panel in
Figure 5), in general, a FFS contract leads to a higher social cost than the coordinating contract.
We found that in the case of low patient utility ( (u1 , u2 ) = (2, 000, 6, 000)), the first-best contract
is better than FFS across all the studied scenarios. In other words, the possible negative impact
on patients of implementing a coordinating contract is typically outweighed by the benefit for the
provider and requester.
In particular, for procedures like CABG and C-section (corresponding to problem instances close
to those represented in Figure 6), the social cost is generally higher under FFS than under a
coordinating contract. For a C-Section, however, the FFS contract could be better for society when
the FFS margin is low (i.e, when the FFS price is relatively small compared to the treatment cost).
Hence, society could benefit from requester-provider coordination for some types of procedures
(CABG), but be better off without coordination for others (C-Section under low FFS margins).
Admittedly, the social cost is higher under the coordinating contract than at the social optimum,
Figure 6

Social cost for CABG and C-Section procedures.

CABG

C−Section

4.60

21.0

Social cost (millions)

Social cost (millions)

4.65

20.5

4.55
FFS
First−best
4.50

Social optimum

4.45

20.0

4.40
1.0

1.5

2.0

2.5

3.0

1.0

FFS price / Treatment cost

Note. T1 = 40, 000, T2 = 13, 000,
(u1 , u2 ) = (10, 000, 30, 000).

1.5

2.0

2.5

3.0

FFS price / Treatment cost

q0 = 12%,

Note. T1 = 6, 440, T2 = 7, 100, q0 = 2%,
(u1 , u2 ) = (2, 000, 6, 000).

by definition. However, the requester and provider have no financial incentive to take the patients’
utility into account, and thus to coordinate to the social optimum, when they decide on a payment
contract. Still, it is reassuring to observe that if the requester and provider decide to adopt a
new contract to maximize their joint profits, ignoring the patients’ utility, the resulting contract
would lead to an outcome that generally benefits the social welfare compared to the currently used
FFS contract. Besides, we observe that the social cost at the first-best is generally very close to
the optimal social cost. Therefore, little social welfare is lost by implementing the first-best via a
coordinating contract selected by the provider and requester, instead of the social optimum.
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8.

Conclusion

This paper examines a B2B contracting problem for the payment of referral services between
healthcare organizations. The way the service provider is paid by the service requester affects the
incentives on both parties to exert effort aiming at improving the quality of care while keeping
costs under control. There is a consensus that misaligned incentives under FFS result in higher
costs for the two organizations and in poor patient outcomes.
A variety of new reimbursement systems between payers and caregivers have been proposed
to better align incentives and improve patient outcomes. These proposed payment systems aim
at moving away from a fee-for-service payment scheme and toward a fee-for-performance system.
However, the findings do not necessarily apply to the interaction between effort-exerting service
requester and provider because, contrary to the requester, the payer makes no medical decision
directly affecting the patient care. Our analysis sheds some light on how these payment systems
may perform within the context of this interaction. Table 3 in Appendix C summarizes our findings.
Our results confirm that FFS lacks incentives to achieve optimal efforts, mainly because the
provider does not receive any reward for exerting effort improving chances of good patient outcomes.
We also show (in the Appendix) that capitation, cost-sharing and shared-savings cannot coordinate
simultaneously the provider’s and the requester’s efforts. Interestingly, we find that modifying the
FFS payment system by incorporating a carefully designed penalty for poor patient outcomes can
achieve either the first-best or the social optimum.
We find that the service requester and provider most benefit from implementing a coordinating
contract for procedures with a high FFS price, a treatment cost low relative to the failure cost,
and/or a high failure rate. Effort decisions made under the coordinating contract do not take
patient utility into consideration, as the requester and provider simply aim at maximizing their
joint profit and have no incentive to do otherwise. Yet, we find that in some cases, patients may be
better off when such a coordinating contract is used than under FFS, especially when the FFS price
is low and/or the failure rate is high. In most cases, the social welfare (for a system comprising the
requester, provider and patients) improves under the coordinating contract as compared to FFS,
and is close to the social optimum.
As the ACO model spreads in the U.S., so does its influence on referrals. Reducing duplication of
services, controlling cost, and ensuring continuity and quality of care are some of the benefits that
ACOs can obtain by effectively managing patients referrals. Developing a high-quality, low-cost
network of external providers is crucial for improving the financial and quality of care performance
of any ACO. Our work provides new insights for ACOs (especially for those led by physician groups)
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and their interaction with external providers. Specifically, it highlights some of the implications of
adopting different contracts on the referral service quality and cost. Furthermore, our work can be
used to inform ACOs’ and HMOs’ decisions on which providers to include as part of the network of
preferred providers depending on their cost structures and effectiveness of their effort in reducing
the chances of treatment failure.
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Appendix A:
v0
eR
eP
cR (·)
cP (·)
v(·)
q(·)
T1
T2
u1
u2
T̃1
T̃2
ΠR (·, ·)
ΠP (·, ·)
ΠT (·, ·)
ΠP T (·, ·)
ΠS (·, ·)
e∗R , e∗P
eSR , eSP
wF F S
eFRF S , eFP F S
wP EN
f
ePREN , ePP EN
ρT
cP0 , λ
cR
0, κ
q0 , γ
δ

Notation
patient population size
service requester’s effort level
service provider’s effort level
service requester’s cost of effort function
service provider’s cost of effort function
volume of patient requiring care from the service provider (function of the service
requester’s effort level)
probability that the patient requires further care (function of the service provider’s
effort level)
treatment cost incurred by the service provider
cost incurred by the service requester in case the patient requires further care
utility loss incurred by the patient when undergoing treatment
utility loss incurred by the patient when undergoing treatment and then requiring
further care
= T1 + u1
= T2 + u2 − u1
service requester’s profit function
service provider’s profit function
service provider and requester’s joint profit function
patient population utility function
social welfare value function
first-best efforts
socially optimal efforts
price per patient treated charged by the service provider under FFS
efforts selected under FFS
price per patient treated charged by the service provider under the penalty contract
fraction of the payment kept by the provider in case the patient requires further care
under the penalty contract
efforts selected under readmission penalty
inefficiency ratio ΠT (eFP F S , eFRF S )/ΠT (e∗P , e∗R )
parameters of the cost of effort function in Section 7: cP (eP ) = cP0 eλeP
κeR
parameters of the cost of effort function in Section 7: cR (eR ) = cR
0e
parameters of the probability function in Section 7: q(eP ) = q0 e−γeP
parameter of the patient volume function in Section 7: v(eR ) = v0 e−δeR

1

Adida and Bravo: Contracts for healthcare referral services
Forthcoming in Management Science

2

Appendix B:

Parameter Values in the Numerical Study
Table 2
Summary of the
value of parameters.

T1
T2
q0
γ
v0
δ
cP0 , cR
0
λ, κ
u1
u2

Appendix C:

∈ {5, 000; 20, 000}
10,000
∈ {5%; 15%}
0.2
1000
0.2
10
1
∈ {2, 000; 10, 000}
∈ {6, 000; 30, 000}

Summary of the Coordination Results
Table 3

Summary of the coordination results of the various payment systems.

Parameters

FFS

Capitation

Cost-sharing

Sharedsavings

Penalty

wF F S

C

wCS , α

wSS , β

wP EN , f

May coordinate eR
No
Yes
Yes
No (eFRF S > e∗R )
to first-best
May coordinate eP
∗
SS
∗
No (eFP F S = 0) No (eCAP
= 0) No (eCS
P
P < eP ) No (eP < eP )
to first-best
May coordinate eR
No
Yes
Yes
No (eFRF S > eSR )
to social optimum
May coordinate eP
S
SS
S
= 0) No (eCS
No (eFP F S = 0) No (eCAP
P < eP ) No (eP < eP )
P
to social optimum

Appendix D:

Yes
Yes
Yes
Yes

Proofs

Proof of Lemma 1
For the centralized system total profit, we have that
∂ 2 ΠT
= − v(eR )(c00P (eP ) + q 00 (eP )T2 )
∂e2P
∂ 2 ΠT
= − v 00 (eR )(cP (eP ) + q(eR )T2 + T1 ) − v0 c00R (eR )
∂e2R
∂ 2 ΠT
= − v 0 (eR )(c0P (eP ) + q 0 (eP )T2 ).
∂eR ∂eP
Under Assumption 1,

∂ 2 ΠT
∂e2
P

< 0, and

∂ 2 ΠT
∂e2
R

< 0. Thus, for the Hessian to be definite negative we need its

determinant to be positive,
v(v 00 T1 + v0 c00R )(q 00 T2 + c00P ) + vv 00 (qT2 + cP )(q 00 T2 + c00P ) − v 02 (q 0 T2 + c0P )2 > 0.
|
{z
} |
{z
}
>0

∗∗
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Conditions (1) in Assumption 2 guarantee ∗∗ ≥ 0. Therefore, ΠT is jointly concave.



Proof of Lemma 2
We recall the first-order conditions for maximizing ΠT (e∗R , e∗P ),
c0P (e∗P ) + q 0 (e∗P )T2 = 0,
v0 c0R (e∗R ) + v 0 (e∗R )[cP (e∗P ) + q(e∗P )T2 + T1 ] = 0.
Note that the first equation uniquely identifies e∗P and this does not depend on T1 . To see the variation
with respect to T2 we can take total derivatives in both sides and rearrange terms to get
[c00P (e∗P ) + q 00 (e∗P )T2 ]

∂e∗P
= −q 0 (e∗P ).
∂T2

Given the convexity of cP (·) and q(·) together with q(·) decreasing, we have that

∂e∗
P
∂T2

> 0.

To analyze the requester effort, we use the second first-order condition and take total derivatives with
respect to T1 . After rearranging terms we get the following equality
−

∂e∗R 00 ∗
[v (eR )(cP (e∗P ) + q(e∗P )T2 + T1 ) + v0 c00R (e∗R )] = v 0 (e∗R ) .
{z
} | {z }
∂T1 |
≥0

<0

By the convexity Assumption 1, e∗R is increasing in T1 .
Similarly, we take total derivatives with respect to T2 , and rearrange terms to obtain
−

∂e∗R 00 ∗
[v (eR )(cP (e∗P ) + q(e∗P )T2 + T1 ) + v0 c00R (e∗R )]
{z
}
∂T2 |
≥0

∂e∗
= v 0 (e∗R )[q(e∗P ) + (c0P (e∗P ) + q 0 (e∗P )T2 ) P ] = v 0 (e∗R )q(e∗P ) .
|
{z
} ∂T2
|
{z
}
=0, f rom ep F OC

<0

By the convexity Assumption 1, e∗R is increasing in T2 .



Proof of Lemma 3
We recall the first-order conditions for finding the requester effort under FFS:
|v 0 (eR )|[wF F S + q(0)T2 ] = v0 c0R (eR ).
To see the variation with respect to wF F S we take total derivatives in both sides and rearrange terms to get:
∂eFRF S
[v0 c00R (eFRF S ) + v 00 (eFRF S )(wF F S + q(0)T2 )] = −v 0 (eR ).
∂wF F S
By Assumption 1, we have that

FS
∂eF
R
∂wF F S

> 0.



Proof of Lemma 4
The provider’s effort under the contract with a fixed f and wP EN is given by the solution of the first-order
condition c0P (eP ) = |q 0 (eP )|wP EN (1 − f ), which is independent of T1 and T2 , hence ePP EN is also independent
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of T1 and T2 . The requester’s effort under the contract with a fixed f and wP EN is given by the solution of
the first-order condition
−v 0 (ePREN )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ] = v0 c0R (ePREN ),
which is independent of T1 , hence ePREN is also independent of T1 . In addition, since ePP EN is independent of
T2 , we obtain
−

∂eP EN
∂ePREN 00
v (eR )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ] − v 0 (eR )q(ePP EN ) = v0 R c00R (ePREN ),
∂T2
∂T2

thus

∂ePREN
−v 0 (ePREN )q(ePP EN )
=
> 0,
∂T2
v0 c00R (ePREN ) + v 00 (ePREN )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ]

where the last inequality follows from Assumption 1.



Proof of Lemma 5
The provider’s effort is given by the solution of the first-order condition −q 0 (ePP EN )wP EN (1 − f ) = c0P (ePP EN ).
We obtain
−

∂eP EN
∂ePP EN 00 P EN P EN
q (eP )w
(1 − f ) + q 0 (ePP EN )wP EN = P c00P (ePP EN ),
∂f
∂f

hence

∂ePP EN
q 0 (ePP EN )wP EN
< 0,
= 00 P EN P EN
(1 − f ) + c00P (ePP EN )
∂f
q (eP )w

where the last inequality follows from Assumption 1. Similarly,
−

∂ePP EN 00 P EN P EN
∂ePP EN 00 P EN
0
P EN
q
(e
)w
(1
−
f
)
−
q
(e
)(1
−
f
)
=
c (e
),
P
P
∂wP EN
∂wP EN P P

hence

∂ePP EN
−q 0 (eP EN )(1 − f )
> 0,
= 00 P EN P ENP
P
EN
(1 − f ) + c00P (ePP EN )
∂w
q (eP )w

where the last inequality follows from Assumption 1.
The requester’s effort is given by the solution of the first-order condition
−v 0 (ePREN )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ] = v0 c0R (ePREN ).
By taking derivatives, we obtain
−

∂ePREN 00 P EN
v (eR )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ]
∂f

−v 0 (ePREN )[wP EN q(ePP EN ) +

∂eP EN
∂ePP EN 0 P EN
q (eP )(−wP EN (1 − f ) + T2 )] = v0 R c00R (ePREN ),
∂f
∂f

thus
∂eP EN

−v 0 (ePREN )[wP EN q(ePP EN ) + P∂f q 0 (ePP EN )(−wP EN (1 − f ) + T2 )]
∂ePREN
=
.
∂f
v0 c00R (ePREN ) + v 00 (ePREN )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ]
By Assumption 1 and on the domain T2 ≥ wP EN (1 − f ), we have that

EN
∂eP
R
∂f

> 0.
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We also obtain
∂ePREN 00 P EN
v (eR )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ]
∂wP EN


∂eP EN
∂eP EN
−v 0 (ePREN ) 1 − q(ePP EN )(1 − f ) + PP EN q 0 (ePP EN )(T2 − wP EN (1 − f )) = v0 RP EN c00R (ePREN ),
∂w
∂w
−

thus
P EN
R
P EN

∂e
∂w

=

h
i
∂eP EN
−v 0 (ePREN ) 1 − q(ePP EN )(1 − f ) + ∂wPP EN q 0 (ePP EN )(T2 − wP EN (1 − f ))
v0 c00R (ePREN ) + v 00 (ePREN )[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 ]

By Assumption 1 and on the domain T2 ≤ wP EN (1 − f ), we have that

EN
∂eP
R
∂wP EN

.

> 0.



Proof of Proposition 1
Let us denote the first order conditions for eR of the first-best and FFS as
φT (eP , eR ) = |v 0 (eR )|[cP (eP ) + q(eP )T2 + T1 ] − v0 c0R (eR )
φF F S (eP , eR ) = |v 0 (eR )|[wF F S + q(eP )T2 ] − v0 c0R (eR ).
The first-best effort levels satisfy φT (e∗P , e∗R ) = 0. The FFS effort levels satisfy φF F S (eFP F S , eFRF S ) =
φF F S (0, eFRF S ) = 0. In addition, since ΠT is concave in eR (Lemma 1), we have that φT (eP , eR ) is decreasing
in eR . As a result, if φT (e∗P , eFRF S ) ≤ 0, then e∗R ≤ eFRF S .
φT (e∗P , eFRF S ) = φT (e∗P , eFRF S ) − φF F S (0, eFRF S ) = |v 0 (eFRF S )|[cP (e∗P ) + T1 − wF F S + (q(e∗P ) − q(0))T2 ].
Furthermore, by definition e∗P maximizes the first-best total profit over eP and by concavity (Lemma 1) it
is the unique maximizer. That is, e∗P is the unique minimizer of cP (eP ) + q(eP )T2 . Thus,
cP (e∗P ) + q(e∗P )T2 ≤ cP (0) + q(0)T2 ,

(7)

and the inequality is strict if e∗P > 0. It follows that
φT (e∗P , eFRF S ) ≤ |v 0 (eFRF S )|[cP (0) + T1 − wF F S ] ≤ 0,
where the second inequality follows from (3) and the first inequality is strict if e∗P > 0.
Proof of Proposition 2
The requester first order condition under the penalty contract corresponds to
φP EN (eP , eR ) = |v 0 (eR )|[wP EN (1 − q(eP )(1 − f )) + q(eP )T2 ] − v0 c0R (eR )
and φP EN (ePP EN , ePREN ) = 0. Thus,
φP EN (ePP EN , e∗R ) = φP EN (ePP EN , e∗R ) − φT (e∗P , e∗R )
= |v 0 (e∗R )|[wP EN (1 − q(ePP EN )(1 − f )) + q(ePP EN )T2 − q(e∗P )T2 − cP (e∗P ) − T1 ].
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Because e∗P is the unique minimizer of cP (eP ) + q(eP )T2 , we have
cP (e∗P ) + q(e∗P )T2 ≤ cP (ePP EN ) + q(ePP EN )T2 .
Therefore,
φP EN (ePP EN , e∗R ) ≥ |v 0 (e∗R )|[wP EN (1 − q(ePP EN )(1 − f )) − cP (ePP EN ) − T1 ] ≥ 0.
where the last inequality follows from condition (5). Since φP EN (eP , eR ) is decreasing in eR , this means that
e∗R ≤ ePREN .
The optimal effort for the provider is ePP EN such that c0P (ePP EN ) = |q 0 (ePP EN )|(1 − f )wP EN . We recall that
e∗P is defined by c0P (e∗P ) = |q 0 (e∗P )|T2 . It is clear that e∗P < ePP EN iff T2 < wP EN (1 − f ).



Proof of Theorem 1
It is clear from Proposition 2 that f = 1 − T2 /wP EN ensures ePP EN = e∗P . From the proof of Proposition 2, it
follows that if f = 1 − T2 /wP EN , and wP EN = q(e∗P )T2 + cP (e∗P ) + T1 , then ePREN = e∗R . The condition in the
proposition guarantees f > 0.



Proof of Proposition 3
The coordinating penalty contract f = 1 − T2 /wP EN , and wP EN = q(e∗P )T2 + cP (e∗P ) + T1 induces first-best
effort levels (e∗P , e∗R ). Taking total derivatives,

∂wP EN
∂T2

∂e∗

= (q 0 (e∗P )T2 + c0P (e∗P )) ∂TP2 + q(e∗P ) = q(e∗P ) > 0, where

the last equality follows from the first-best first-order conditions. By Lemma 2, e∗P is invariant in T1 , hence,
∂wP EN
∂T1

= 1 > 0.

Similarly, we use the definition of the penalty and the result above to take total derivatives:
T2
∂wP EN
∂f
1
−wP EN + q(e∗P )T2 −cP (e∗P ) − T1
=
< 0.
= − P EN + P EN 2
=
∂T2
w
(w
) ∂T2
(wP EN )2
(wP EN )2
Finally,

∂f
∂T1

=

T2

(wP EN )2

∂wP EN
∂T1

=

T2

(wP EN )2

> 0.



Proof of Lemma 6
We check that the Hessian of ΠP T (eP , eR ) is definite negative. Note that ΠP T (eP , eR ) is concave in the
individual effort levels. The determinant of the Hessian is
det(H(ΠP T )) = (u2 − u1 )[u1 v(eR )v 00 (eR )q 00 (eP ) + (u2 − u1 )[v(eR )v 00 (eR )q(eP )q 00 (eP ) − v 0 (eR )2 q 0 (eP )2 ]].
Assumption 2 ensures that v(eR )v 00 (eR )q(eP )q 00 (eP ) − v 0 (eR )2 q 0 (eP )2 > 0, and hence by convexity of v(·) and
of q(·), we have det(H(ΠP T )) > 0.

Appendix E:



Alternative Contracts

We now consider different pricing contracts that have been suggested in the literature and implemented in
limited practical settings as alternatives to FFS in a variety of contexts. We first present these contracts
and obtain the resulting effort levels. Because FFS is the most common payment system, we compare the
outcome under these alternative payment systems to that under FFS. We also compare these effort levels to
the first-best efforts to show that they cannot coordinate the efforts to the first-best levels.
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Effort levels under different payment systems
Capitation

Under a capitation contract, the requester pays the provider a fixed amount C for

each patient in the population independently of the actual volume of patients the provider treats. Capitation
was adopted by managed care organizations in the mid-to-late 1990s to control rising health care spending
(Frakt and Mayes 2012). By the end of the decade, about one third of physicians had capitation contracts. A
capitation system is often criticized because it submits caregivers to a high level of financial risk, and does not
give the caregiver any incentive to deliver care of high quality, since the payment is fixed and disconnected
from patient outcomes. Original capitation models proved unsustainable because payment rates were fast
outpaced by medical spending, causing severe financial losses for caregivers. Contemporaneous payment
systems, however, often use capitation-like contracts, but with tight spending budgets and incentives for
quality performance (Song et al. 2011). For instance, ACOs are sometimes paid via partial capitation by the
payer (e.g., Medicare), implemented through a combination of a pre-set budget with fee-for-service payments,
while being held to quality targets.
We analyze the efforts under capitation. The requester and the provider profits are given by:
ΠP (eP , eR ) = v0 C − v(eR )[cP (eP ) + T1 ]
ΠR (eP , eR ) = −v0 C − v0 cR (eR ) − v(eR )q(eP )T2 .
We observe that ΠP is decreasing in eP , so the optimal decision for the provider is to exert no effort as
intuitively explained, that is, eCAP
= 0. By Assumption 1, the requester’s profit is concave in the requester’s
P
effort, thus the requester effort under capitation, eCAP
, can be obtained by solving the first-order condition:
R
|v 0 (eR )|q(0)T2 = v0 c0R (eR ).
E.1.2.

Cost-sharing

(8)

We now consider a payment system where the requester and the provider share

observable costs, i.e., the cost of treatment T1 and of treatment failure T2 . The rationale for not sharing costs
of effort is that these costs are not easily contractible since they are internal and hard to observe and verify
by a third-party. The idea behind a cost-sharing contract is that when the provider bears some of the cost of
treatment failure, he has incentives to exert some effort to reduce the chance that treatment fails. Similarly,
the requester must take into account the treatment cost when setting her effort level, as she does at the
first-best, since she bears a fraction of that cost. In supply chain management research, cost-sharing contracts
between firms have been shown to enable coordination in certain settings (e.g., Leng and Parlar 2010). Cost
sharing is used in a healthcare setting when consumers have to pay a portion of their health care costs, via
deductibles, co-payments or co-insurance. Medical cost-sharing with patients incentivizes them to be more
efficient users of the healthcare system. Cost-sharing between payer and provider has also been studied in
a variety of healthcare settings (Jelovac 2001, Chalkley and Malcomson 2002, Mariñoso and Jelovac 2003,
Jack 2005, Liu et al. 2015).
We consider a cost-sharing contract in which the requester pays a fixed fee wCS per service transaction,
and the cost of treatment and treatment failure is shared. Namely, the requester is responsible for a fraction
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α ∈ (0, 1) of these costs, and the provider is responsible for the remaining 1 − α. The requester and the
provider profits are given by:
ΠP (eP , eR ) = v(eR )[wCS − cP (eP ) − (1 − α)(q(eP )T2 + T1 )]
ΠR (eP , eR ) = −v0 cR (eR ) − v(eR )[wCS + α(q(eP )T2 + T1 )].
By Assumption 1, the provider’s profit is concave in eP and the requester’s profit is concave in eR . As a
result, the optimal effort levels eCS
and eCS
P
R satisfy the first-order conditions:
c0P (eP ) = (1 − α)|q 0 (eP )|T2

(9)

|v 0 (eR )|[wCS + α(q(eP )T2 + T1 )] = v0 c0R (eR ).
E.1.3.

Shared-savings

As previously described, the service requester needs to keep the cost of referring

patients to an external provider down. The referral cost covers the direct cost of paying the provider and
possible treatment failure costs (depending on who incurs those costs). It does not cover the cost of effort
which comprises prevention programs rather than treatment, and which, as mentioned earlier, is not contractible as it is hard to observe and verify by an external party. If the requester is able to reduce her referral
expenses, the reduction constitutes savings for the requester. Clearly the requester has every incentive to
make savings as high as possible. To incentivize the provider to help the requester increase these savings by
lowering the fraction of failed treatments, the requester can share a fraction with the provider.
Shared-savings contracts have been studied in a supply chain setting (Corbett and DeCroix 2001). In a
healthcare setting, Medicare implements a shared-savings program with ACOs as a reward for spending less
than a benchmark while satisfying quality performance standards.
We consider a shared-savings contract in which the requester pays an amount wSS for each patient referred,
and in addition the requester keeps a fraction β ∈ (0, 1) of any savings from a budget M dedicated to the
direct cost of referrals (e.g., the amount spent in the previous year), while fraction 1 − β is granted to the
provider. The requester’s savings are equal to M − v(eR )(wSS + q(eP )T2 ). The major difference between a
shared-savings contract and the cost-sharing contract analyzed above regards who bears the treatment cost,
T1 . Under cost-sharing, both agents bear a fraction of this cost, while under shared-savings, the provider is
responsible for its entirety. The requester and the provider profits are given by:
ΠP (eP , eR ) = (1 − β)M + v(eR )[βwSS − cP (eP ) − (1 − β)q(eP )T2 − T1 ]
ΠR (eP , eR ) = βM − βv(eR )[wSS + q(eP )T2 ] − v0 cR (eR ).
By Assumption 1, the provider’s profit is concave in eP and the requester’s profit is concave in eR . As a
SS
result, the optimal effort levels eSS
P and eR satisfy the first-order conditions:

c0P (eP ) = (1 − β)|q 0 (eP )|T2

(10)

β|v 0 (eR )|[wSS + q(eP )T2 ] = v0 c0R (eR ).
E.1.4.

Two-part Tariff

Under a two-part tariff contract, the requester pays the provider a fixed fee

as well as a marginal payment for each referral. In particular, a two-part tariff contract, such as the one
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considered in Corbett and DeCroix (2001) and in Corbett et al. (2005) as a generalization of a management
fee, leasing or shared-savings contract, can be viewed as a hybrid between a FFS and capitation payment.
The two-part tariff contract leads to the effort levels similar to FFS in our model, that is, the provider exerts
no effort, and the requester exerts a positive effort. Furthermore, we note that contrary to Corbett and
DeCroix (2001) and Corbett et al. (2005), in our setting, a shared-savings contract does not reduce to a twopart tariff contract, mainly because in our model the cost of effort is proportional to the volume of referral
(which depends on requester’s effort) and the requester post-treatment operational cost does not apply to
each patient referred, but only to a fraction (patient whose treatment does not succeed) that depends on
provider’s effort.
E.1.5.

Bundled Payments

Under bundled payments, the requester pays the provider a single fee to

cover treatment for a single episode of care. The episode of care is defined within a certain time windows (e.g.,
pre-operative care and 30 days after treatment). Hence, under bundled payments, the provider is responsible
not only for the services directly related to treating the patient, but also for possible complications within the
pre-defined time window. Adida et al. (2017) show that bundled payments can reduce providers’ incentives
to provide unnecessary services.
E.2.

Comparison and Lack of Coordination

E.2.1.

Capitation

Capitation vs. FFS. From (8), we notice that the requester’s effort is independent of the capitation payment
C, and that it corresponds to eFRF S when wF F S = 0. It follows that the requester’s effort under capitation is
lower than the effort under FFS if wF F S > 0, that is, eCAP
< eFRF S . Under capitation, the requester is not
R
directly sensitive to the volume of patients referred, so she has less incentives to exert effort than under FFS.
= eFP F S = 0.
In addition, eCAP
P
Capitation vs. first-best. The provider effort under capitation cannot be coordinated since it equals
zero regardless of the capitation payment. Moreover, depending on the parameters of the problem, the
requester’s effort under capitation may be larger or smaller than the first-best effort. Indeed, the first-best
effort depends on the treatment cost T1 (Lemma 2), while under capitation the treatment cost has no effect
on the requester’s effort decision. Hence, a higher cost of treatment leads to a higher first-best requester
effort, but does not impact the capitation effort.
Proposition 4. The requester effort eCAP
< e∗R iff T1 > (q(0) − q(e∗P ))T2 − cP (e∗P ).
R
Proof:

Let us denote the first order condition of the requester profit as
φCAP (eP , eR ) = |v 0 (eR )|q(eP )T2 − v0 c0R (eR ).

The capitation efforts satisfy φCAP (eCAP
, eCAP
) = φCAP (0, eCAP
) = 0. In addition, since ΠR is concave in
P
R
R
the requester effort, we have that φCAP (0, eR ) decreases in eR , so if φCAP (0, e∗R ) < 0, then eCAP
< e∗R .
R
φCAP (0, e∗R ) = φCAP (0, e∗R ) − φT (e∗P , e∗R )
= |v 0 (e∗R )|[q(0)T2 − cP (e∗P ) − q(e∗P )T2 − T1 ].
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By (7), we have φCAP (0, e∗R ) ≥ |v 0 (e∗R )|[−cP (0) − T1 ], which is negative, but φCAP (0, e∗R ), being greater than
a negative number, may be negative or positive. Namely, if T1 > q(0)T2 − cP (e∗P ) − q(e∗P )T2 , then eCAP
< e∗R .
R
Alternatively, if T1 ≤ q(0)T2 − cP (e∗P ) − q(e∗P )T2 , then eCAP
≥ e∗R .
R



Because the capitation payment C plays no role in how eCAP
compares to e∗R , it follows that there is no
R
capitation contract that can coordinate the efforts to those at the first-best.
E.2.2.

Cost-sharing

Cost-sharing vs. FFS. Contrary to FFS, the cost-sharing contract gives rise to a positive provider effort.
Furthermore, under cost-sharing the requester effort is subject to opposing forces: the requester bears only
a fraction α ∈ (0, 1) of the failure costs, which diminishes incentives to exert effort, but if the price wCS is
large enough, it should exert effort to keep the volume of referrals low.
FFS
Proposition 5. The provider effort eCS
= 0. In addition, there exists α1 > 0, such that for any
P > eP
FFS
.
α < α1 , the requester effort eCS
R < eR

Proof:

FFS
It is clear that eCS
= 0. We denote the first order condition for the requester effort under
P > eP

cost-sharing as
φCS (eP , eR ) = |v 0 (eR )|[wCS + α(q(eP )T2 + T1 )] − v0 c0R (eR ).
CS
The optimal efforts under cost-sharing satisfy φCS (eCS
P , eR ) = 0.

FFS
FFS
φCS (eCS
) = φCS (eCS
) − φF F S (eFP F S , eFRF S )
P , eR
P , eR
FFS
= |v 0 (eFRF S )|[wCS + α(q(eCS
− q(0)T2 ].
P )T2 + T1 ) − w

FFS
FFS
Let us consider the case wCS < wF F S + q(0)T2 . Then, eCS
iff φCS (eCS
) < 0, that is,
R < eR
P , eR

FFS
α(q(eCS
+ q(0)T2 − wCS .
P )T2 + T1 ) < w

(11)

We notice that the left-hand-side of (11) is increasing in α. To see this, we take the derivative with respect
0
CS
to α which is given by q(eCS
P )T2 + T1 + αq (eP )T2

∂eCS
P
∂α

. Now, in order to conclude that this is positive, we

take the derivative with respect to α of the first-order condition for eP in equation (9), to find
∂eCS
∂eCS
P
P
0
CS
c00P (eCS
(1 − α)q 00 (eCS
P )=−
P )T2 + q (eP )T2 ,
∂α
∂α
and hence
∂eCS
q 0 (eCS
P
P )T2
= 00 CS
< 0.
∂α
cP (eP ) + (1 − α)q 00 (eCS
P )T2
Because q 0 (eCS
P ) < 0, it follows that the left-hand-side of (11) has a positive derivative with respect to α, and
thus it is monotonically increasing in α. Since (11) trivially holds when α = 0, we have that there exists α1 > 0,
FFS
FFS
such that eCS
for any α < α1 . Finally, if α1 ≥ 1 (that is, if q(eCS
+ q(0)T2 − wCS ),
R < eR
P )T2 + T1 < w
FFS
then eCS
for any value of α ∈ (0, 1).
R < eR

On the other hand, if the price of the cost-sharing contract satisfies wCS ≥ wF F S + q(0)T2 , then
FFS
FFS
φCS (eCS
) ≥ 0, and eCS
for any value of α ∈ (0, 1).
P , eR
R ≥ eR
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Our goal is to coordinate the decisions to those at the first-best. By Proposition 1 the FFS contract leads
to a too high requester effort. This result indicates that going from FFS to cost-sharing is a step in the right
direction for both types of effort, provided that the price wCS is not too high.18
Cost-sharing vs. first-best. We compare the cost-sharing efforts with the first-best efforts for a given
contract, and then determine whether there exists a coordinating cost-sharing contract, i.e., a price wCS and
fraction α ∈ (0, 1) that induce first-best effort levels.
∗
Proposition 6. The provider effort eCS
P < eP . In addition, there exists α2 > 0 such that the requester
∗
effort eCS
R < eR iff α < α2 .

Proof:
e

CS
P

Comparing the first-order condition for eP in (2) and (9), and by Assumption 1, it is clear that

∗
P

< e when α > 0.

Because φT (e∗P , e∗R ) = 0, we have that
∗
CS
∗
T
∗
∗
φCS (eCS
(eCS
P , eR ) = φ
P , eR ) − φ (eP , eR )
∗
∗
= |v 0 (e∗R )|[wCS + α(q(eCS
P )T2 + T1 ) − cP (eP ) − q(eP )T2 − T1 )].

∗
CS
∗
CS
∗
We have eCS
(eCS
< cP (e∗P ) + q(e∗P )T2 + T1 . Then, eCS
R < eR iff φ
P , eR ) < 0. Let us consider the case w
R < eR

iff
∗
∗
CS
α(q(eCS
.
P )T2 + T1 ) < cP (eP ) + q(eP )T2 + T1 − w

(12)

The left-hand-side of this inequality is identical to that of (11) in the proof of Proposition 5. Hence, it is also
monotonically increasing in α. Since (12) trivially holds when α = 0, we have that there exists α2 > 0, such
∗
CS
∗
∗
CS
that eCS
),
R < eR for any α < α2 . Finally, if α2 ≥ 1 (that is, if q(eP )T2 + T1 < cP (eP ) + q(eP )T2 + T1 − w
∗
then eCS
R < eR for any value of α ∈ (0, 1).
∗
In the case where wCS ≥ cP (e∗P ) + q(e∗P )T2 + T1 , we have that eCS
R ≥ eR , for any value of α ∈ (0, 1).



Since the provider bears only a fraction of the failure cost under cost-sharing, he has less incentives than
the centralized system to exert effort. Similarly, if the fee per patient and the fraction of costs that the
requester is responsible for are low enough, she exerts less effort than at the first-best.
This result shows that while a cost-sharing contract cannot coordinate the provider’s effort, it may be
possible to find a cost share α ∈ (0, 1) that coordinates the requester’s effort as long as the price per patient
wCS is not too high.19
E.2.3.

Shared-savings

Shared-savings vs. FFS. Similarly to cost-sharing, the shared-savings payment system gives the provider
incentives to exert a positive effort to incur less treatment failure costs as he receives a portion of the unused
budget. Moreover, the requester only bears a fraction β ∈ (0, 1) of the payment for each patient requiring
treatment (and of the treatment failure cost), which can decrease the requester effort compared to the FFS
contract. These observations lead to the following Proposition.
18

It can be shown in a very similar fashion that if, in addition to the cost-sharing component, instead of paying a fee
per patient wCS , the requester transfers a fixed lump sum to the provider to take care of all referred volume, then
FFS
eCS
, for any lump sum and cost share α.
R < eR
19

We find similar structural results if instead of paying a fee per patient wCS , the requester transfers a fixed lump
sum to the provider to take care of all the referred volume.
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FFS
Proposition 7. The provider effort eSS
= 0. In addition, there exists β1 > 0, such that for any
P > eP
FFS
β < β1 , the requester effort eSS
.
R < eR

Proof:

FFS
It is clear that eSS
= 0. We denote the first order condition for eSS
P > eP
R as

φSS (eP , eR ) = |v 0 (eR )|[βwSS + βq(eP )T2 ] − v0 c0R (eR ).
SS
SS
FFS
FFS
The optimal effort level satisfies φSS (eSS
iff φSS (eSS
) < 0.
P , eR ) = 0. We have eR < eR
P , eR

FFS
FFS
φSS (eSS
) = φSS (eSS
) − φF F S (eFP F S , eFRF S )
P , eR
P , eR
FFS
= |v 0 (eFRF S )|[β(wSS + q(eSS
− q(0)T2 ].
P )T2 ) − w

FFS
Thus eSS
iff
R < eR
FFS
β(wSS + q(eSS
+ q(0)T2 .
P )T2 ) < w

(13)

We notice that the left-hand-side of (13) is increasing in β. To see this, we take the derivative with respect
0
SS
to β which is given by wSS + q(eSS
P )T2 + βq (eP )T2

∂eSS
P
∂β

. Now, in order to conclude that this is positive, we

take the derivative with respect to β of the first-order condition for eP in equation (10), to find
∂eSS
∂eSS
P
P
0
SS
c00P (eSS
)
=
−
(1 − β)q 00 (eSS
P
P )T2 + q (eP )T2 ,
∂β
∂β
and hence
∂eSS
q 0 (eSS
P
P )T2
= 00 SS
< 0.
∂β
cP (eP ) + (1 − β)q 00 (eSS
P )T2
Because q 0 (eCS
P ) < 0, it follows that the left-hand-side of (13) has a positive derivative with respect to β,
and thus it is monotonically increasing in β. Since (13) trivially holds when β = 0, we have that there exists
FFS
FFS
+ q(0)T2 ),
for any β < β1 . Finally, if β1 ≥ 1 (that is, if wSS + q(eSS
β1 > 0, such that eSS
P )T2 < w
R < eR
FFS
for any value of β ∈ (0, 1).
then eSS
R < eR



This result indicates that going from FFS to shared-savings may be a step in the right direction toward
coordination to the first-best for both types of effort (at least when β is not too high).
Shared-savings vs. first-best. We compare the shared-savings efforts with the first-best efforts for a
given contract, and then determine whether there exists a coordinating shared-savings contract, i.e., a price
wSS and fraction β ∈ (0, 1) that induce first-best effort levels.
∗
Proposition 8. The provider effort eSS
P < eP . In addition, there exists β2 > 0 such that the requester
∗
effort eSS
R < eR iff β < β2 .

Proof:

Comparing the first-order condition for eP in (2) and (10), and by Assumption 1, it is clear that

∗
eSS
P < eP when β > 0. In addition, we have

∗
SS
∗
T
∗
∗
φSS (eSS
(eSS
P , eR ) = φ
P , eR ) − φ (eP , eR )
∗
∗
= |v 0 (e∗R )|[βwSS + βq(eSS
P )T2 − cP (eP ) − q(eP )T2 − T1 ].

∗
SS
∗
∗
Thus, eSS
+ q(eSS
R < eR iff β(w
P )T2 ) < cP (eP ) + q(eP )T2 + T1 . The left-hand-side of this inequality is

identical to (13) in the proof of Proposition 7. Hence, it is also monotonically increasing in β. Since the
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∗
inequality trivially holds when β = 0, we have that there exists β2 > 0 such that eSS
R < eR iff β < β2 . Finally,
∗
∗
SS
∗
if β2 ≥ 1 (that is, if wSS + q(eSS
P )T2 < cP (eP ) + q(eP )T2 + T1 ), then eR < eR for any value of β ∈ (0, 1).



Since the provider bears only a fraction of the failure cost under shared-savings, he has less incentives
than the centralized system to exert effort. Similarly, if the fraction of the savings that the requester keeps
is too low, she exerts less effort than at the first-best.
This result demonstrates that while a shared-savings contract cannot coordinate the provider’s effort, it
may be possible to find a share β that coordinates the requester’s effort as long as β2 < 1 (e.g., when T1 or
T2 are not too large).
E.2.4.

Two-Part Tariff

The supply chain management literature has shown that in many cases a two-

part tariff contract can coordinate decisions (e.g., order quantity) between two firms (e.g., Cachon and
Lariviere 2005). However, in our framework specific to the interaction between a service requester and a
service provider making effort decisions that relate to quality outcomes in a peer-to-peer healthcare setting,
a two-part tariff does not achieve coordination. It is possible to adjust the marginal payment to coordinate
the requester effort to that at the first-best. Yet, a two-part tariff is unable to incentivize the provider to
exert effort, and hence to achieve full coordination.
E.2.5.

Bundled Payments While a Bundled Payment system does aim at incentivizing high quality

by making the provider responsible for treatment outcomes, the bundle includes activities and associated
outcomes only within a certain time window (e.g., 30 days). However, there may be additional costs associated
with treatment failure, that would not be part of such a bundle, but that the ACO would still have to cover.
For instance, after an inpatient treatment, under a bundle the provider may be responsible for readmission
costs within 30 days; however, because of the readmission complication, the patient may require additional
monitoring, access to medications, and other ancillary services even after the episode of care is completed.
For this reason, although a bundled payment system can help move effort decisions in the right direction, it
may not be sufficient to induce first-best efforts.

Appendix F:
F.1.

Model Extensions

Probability of treatment failure depends on both, provider and requester’s efforts.

In this model extension, we are concerned with the impact of considering q = q(eP , eR ), as opposed to
q = q(eP ), on the main paper results. Let us assume q = q(eP , eR ), under this formulation the requester’s
effort has two desirable effects: it decreases the volume of referrals and also decreases the probability of
treatment failure. Intuitively, this may better represent the case of chronic conditions (e.g., Diabetes). In this
case, the preventive care delivered by the requester not only reduces the need for advance treatment, but it
can also improve the general health status of the patients which may increase the likelihood of provider’s
treatment success. In the following analysis, we denote
∂ 2 q (eP ,eR )
∂eR ∂eP

∂q (eP ,eR )
∂eP

= qP0 (eP , eR ),

∂ 2 q (eP ,eR )
∂e2
P

= qP00 (eP , eR ), and

= qP00 R (eP , eR ), and we would omit the dependency on eP and eR where clear within the context.

Assumption 3. The probability of treatment failure q(eP , eR ) is non-negative convex decreasing in eP
and eR , and qP00 R ≥ 0. Further, we also consider the following technical conditions
v v 00 cP c00P
· 0 2 ≥ 1,
v0 2
cP

v v 00 q qP00
·
≥ 1,
v 0 2 qP0 2

qP00
q 00
≥ P0R ,
0
|qP | |qR |

00
qP00 qR
≥ qP00 R 2 .

(14)
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The probability of treatment failure decreases as the requester and provider exert more effort, and we assume
that there are decreasing marginal returns on efforts. The second order partial derivative of q being positive
means that eP and eR are complements. As previously mentioned, we can interpret this as if an additional
unit of preventive effort (requester) makes patients ‘healthier’ in some way. Thus provider’s post-treatment
effort delivered on ‘healthier’ patients is more effective in the sense that it can decrease the likelihood of
treatment failure further. Regarding the technical conditions, note that the first two conditions in (14) are
the same as those in Assumption 2 equation (1) in the main section of the paper. The last two conditions
in (14) state that the cross-effect between the requester and provider efforts is small (i.e., qP00 R is small). For
instance, if q(eP , eR ) = q̃P (eP ) + q̃R (eR ), the last two conditions in (14) are trivially satisfied.
Lemma 7. ΠT is jointly concave in (eP , eR ).
Proof:

For the centralized system total profit, we have that
∂ 2 ΠT
= − v(c00P v + qP00 T2 )
∂e2P
∂ 2 ΠT
0
00
= − v 00 (cP + qT2 + T1 ) − 2v 0 qR
T2 − vqR
T2 − v0 c00R
∂e2R
∂ 2 ΠT
= − v 0 (c0P + qP0 T2 ) − vqP00 R T2 .
∂eP ∂eR

Under the convexity Assumption 1 and 3,

∂ 2 ΠT
∂e2
R

< 0, and

∂ 2 ΠT
∂e2
P

< 0. Thus, for the Hessian to be definite

negative we need its determinant to be positive; the following sufficient conditions ensure this.
vv 00 (c00P + qP00 T2 )(cP + qT2 ) − v 0 2 (c0P + qP0 T2 )2 ≥ 0,
0
2vv 0 [(c00P + qP00 T2 )qR
− (c0P + qP0 T2 )qP00 R ]T2 ≥ 0, and
00
v 2 [(c00P + qP00 T2 )qR
− qP00 R 2 T2 ]T2 ≥ 0.

The conditions in Assumption 3 equation (14) guarantee that the three above inequalities are satisfied.
Therefore, ΠT is jointly concave.



Theorem 2. The FFS, Capitation, Cost-sharing, and Shared-saving contracts cannot simultaneously
coordinate the Provider and Requester’s effort decisions to the first-best. Alternatively, a Penalty contract
can coordinate both the Provider and Requester’s effort decisions to the first-best and to the socially optimum
effort levels.
Proof:

In this Theorem we are concerned with the impact of considering q = q(eP , eR ), as opposed to

q = q(eP ), on the main coordination result of the paper. The first-order conditions of the centralized profit
are given by
c0P (eP ) = |qP0 (eP , eR )|T2 ,

(15)

0
|v 0 (eR )|[cP (eP ) + q(eP , eR )T2 + T1 ] + v(eR )|qR
(eP , eR )|T2 = v0 c0R (eR ).
{z
}
|

(16)

∗∗

Note that the additional term ∗∗ in the first-order condition is due to the dependence of the failure probability
on the requester’s effort. Under Assumption 1, the first-best effort levels are (ẽ∗P , ẽ∗R ) > (0, 0) (we use ∼
to differentiate from the first-best solution in the case q = q(eP )). We proceed by analyzing the first-order
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conditions of each contract and comparing them to (15) and (16) to show that at least one of the effort
decisions cannot be coordinated under the FFS, Capitation, Cost-sharing, and Shared-saving contracts. For
the Penalty contract we show that both effort decisions can be coordinated to the first-best and socially
optimum efforts.
• FFS: The provider’s profit is given by ΠP (eP , eR ) = v(eR )[wF F S − cP (eP ) − T1 ] which does not depend
on the probability of treatment failure. Thus following the same reasoning as in Section 4.2, eFP F S = 0 for all
payment wF F S . Hence, FFS cannot coordinate the provider’s effort decision.
• Capitation: Similar to FFS, we note that the provider’s profit does not depend on the failure probability,
ΠP (eP , eR ) = v0 C − v(eR )[cP (eP ) + T1 ], thus following the same reasoning as in Section E.2.1, eC
P = 0 for all
capitation payment C. Hence, Capitation cannot coordinate the provider’s effort decision.
• Cost-sharing: The requester profit is given by ΠR (eP , eR ) = −v0 cR (eR ) − v(eR )[wCS + α(q(eP , eR )T2 +
T1 )]. Let us assume that we can coordinate the requester’s effort using a Cost-sharing contract. This means
∗
that there exists contract parameters α and wCS such that the requester effort eCS
R = ẽR . The provider

chooses his effort level to maximize ΠP (eP , eR ) = v(eR )(wCS − cP (eP ) − (1 − α)[q(eP , eR )T2 + T1 ]). Thus,
satisfies
assuming coordination of the requester’s effort, the provider’s optimal effort decision eCS
P
c0P (eP ) = (1 − α)|qP0 (eP , ẽ∗R )|T2 .
∗
However, first-best efforts satisfy (15), thus for any value of α ∈ (0, 1), eCS
P < ẽP . Therefore, it is not possible

to simultaneously coordinate the requester and provider’s effort decisions under Cost-sharing.
• Shared-saving: The requester profit is given by ΠR (eP , eR ) = βM − βv(eR )[wSS + q(eP , eR )T2 ] − v0 cR (eR ).
Let us assume that we can coordinate the requester’s effort using Shared-savings contract. This means that
∗
we can choose contract parameters β and wSS such that the requester effort eSS
R = ẽR . The provider chooses

his effort level to maximize ΠP (eP , eR ) = (1 − β)M + v(eR )(βwSS − cP (eP ) − (1 − β)q(eP , eR )T2 + T1 ). Thus,
assuming coordination of the requester’s effort, the provider’s optimal effort decision eSS
P satisfies
c0P (eP ) = (1 − β)|qP0 (eP , ẽ∗R )|T2 .
∗
However, first-best efforts satisfy (15), thus for any value of β ∈ (0, 1), eSS
P < ẽP . Therefore, it is not possible

to simultaneously coordinate the requester and provider’s effort decisions under the Shared-saving contract.
• Penalty: The provider’s profit is given by ΠP (eP , eR ) = v(eR )[wP EN (1 − q(eP , eR )(1 − f )) − cP (eP ) − T1 ]
and the Requester’s profit is ΠR (eP , eR ) = −v0 cR (eR ) − v(eR )[wP EN (1 − q(eP , eR )(1 − f )) + q(eP , eR )T2 ]. The
first-order conditions for both profit functions are
c0P (eP ) = |qP0 (eP , eR )|wP EN (1 − f ),
|v 0 (eR )|[wP EN (1 − q(eP , eR )(1 − f )) + q(eP , eR )T2 ]
0
+ v(eR )|qR
(eP , eR )|(T2 − wP EN (1 − f )) = v0 c0R (eR ).

By choosing f = 1 −

T2
wP EN

and wP EN = cP (ẽ∗P ) + q(ẽ∗P , ẽ∗R )T2 + T1 +

v (ẽ∗
R)
|v 0 (ẽ∗
)|
R

0
|qR
(ẽ∗P , ẽ∗R )|T2 , the provider and

requester effort decisions can be coordinated simultaneously. To show this we just need to plug f and
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wP EN back into the above first-order conditions and after some algebraic manipulations, we recover the
first-order conditions (15) and (16), and by the concavity of ΠT , the unique solution is (ePP EN , ePREN ) =
(ẽ∗P , ẽ∗R ). Therefore, the penalty contract can achieve coordination of effort decisions for both players when
q = q(eP , eR ).
Coordination to the social optimum efforts: We first note that under Assumption 3 the patients
utility function ΠP T (eP , eR ) = −v(eR )(u1 + (u2 − u1 )q(eP , eR )) is concave and so is the social welfare function
ΠS = ΠP + ΠR + ΠP T . Given this, we can do a similar analysis as we did in Section 6, hence coordination to
the social optimum efforts follows directly from realizing that the social welfare function is the same as the
centralized profit function with modified costs of treatment (T1 + u1 ) and treatment failure (T2 + (u2 − u1 )).

In the following Proposition we compare the first-best efforts and coordinating contract parameters under
both models q = q(eP ) and q = q(eP , eR ).
Proposition 9. Let us assume q(eP ) = q(eP , ẽ∗R ). The first-best efforts are such that e∗P = ẽ∗P and e∗R < ẽ∗R .
Furthermore, under q = q(eP , eR ) the coordinating contract fee wP EN is larger and the fraction f is smaller
than under q = q(eP ).
Proof:

The first-best first-order conditions for both models are summarized in Table 4. Considering that
Table 4
∂ ΠT
∂eP

First-best first-order conditions

∂ ΠT
∂eR

q = q(eP )
c0P (eP ) = |q 0 (eP )|T2
|v 0 (eR )|[cP (eP ) + q(eP )T2 + T1 ] = v0 c0R (eR )
0
0
0
q = q(eP , eR ) cP (eP ) = |qP (eP , eR )|T2 |v 0 (eR )|[cP (eP ) + q(eP , eR )T2 + T1 ] + v(eR )|qR
(eP , eR )|T2 = v0 c0R (eR )

the impact of provider’s effort on the probability of treatment failure is the same in both models, that is,
q 0 (eP ) = qP0 (eP , ẽ∗R ), and since the first-order condition with respect to eP under both models is the same,
the provider first-best effort must be the same under both models. From the second first-order condition
(with respect to eR ), we note that given the convexity of the requester cost of effort and the probability
0
(eP , eR )|T2 > 0 results in larger requester first-best effort
of treatment failure the additional term v(eR )|qR

under q = q(eP , eR ).
Now we look at the coordinating contract parameters under the two modeling assumptions (see Table
5). Given the volume and probability of treatment failure convexity assumptions, the additional term
Table 5

f
2
q = q(eP )
1 − wPTEN
T2
q = q(eP , eR ) 1 − wP EN

v (ẽ∗
R)
|v 0 (ẽ∗
)|
R

Coordinating Penalty contract

wP EN
cP (e∗P ) + q(e∗P )T2 + T1
v (ẽ∗ )
0
cP (ẽ∗P ) + q(ẽ∗P , ẽ∗R )T2 + T1 + |v0 (ẽR∗ )| |qR
(ẽ∗P , ẽ∗R )|T2
R

0
|qR
(ẽ∗P , ẽ∗R )|T2 > 0 under q = q(eP , eR ) results in a larger fee wP EN . The higher fee provides more

incentives for the requester so she exerts the higher first-best effort e∗R < ẽ∗R . The behavior of the fraction
f follows directly from the previous observation. In addition, we note that the net provider’s profit loss for
treatment failure wP EN (1 − f ) = T2 is the same under the two modeling assumptions as the provider exerts
the same first-best effort.

