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Problem definition: The traditional payment system between an insurer and providers does not incentivize
providers to limit their prices, nor patients to choose less expensive providers, hence contributing to high
insurer expenditures. Reference pricing has been proposed as a way to better align incentives and control
the rising costs of healthcare. In this payment system, the insurer determines the maximum amount that
can be reimbursed for a procedure (reference price). If a patient selects a provider charging more than the
reference price, the patient is responsible for the entire portion above it. Our goal is to understand how
reference pricing performs relative to more traditional payment systems.

Academic/practical relevance: Our results can help healthcare leaders understand when reference pric-
ing has the potential to be a successful alternative payment mechanism, what its impact on the different
stakeholders is, and how to best design it.

Methodology: We propose a game-theoretical model to analyze the reference pricing payment scheme. Our
model incorporates an insurer who chooses the reference price, multiple competing price-setting providers,
and heterogeneous patients who select a provider based on a multinomial logit choice model.

Results: We find that the highest-priced providers reduce their prices under reference pricing. Moreover,
reference pricing often outperforms the fixed and the variable payment system both in terms of expected
patient utility and insurer cost, but incurs a loss in the highest-priced providers’ profit. Furthermore, we
show that in general the insurer utility is often higher under reference pricing unless the insurer is a public
non-profit insurer that weighs the providers’ utility as much as its own cost.

Managerial implications: Overall, our findings indicate that reference pricing constitutes a promising
payment system for “shoppable” healthcare services as long as the insurer does not act similar to a public

non-profit insurer.
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1. Introduction

The cost of a given medical procedure varies widely not just across the nation, but also

across medical providers within the same geographic area (Newman et al.[2016|). For exam-
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ple, the maximum price charged by a provider for a knee replacement in Atlanta, GA is over
6 times that charged by the lowest-priced provider (Cooper et al.[2015)). The price charged
for a procedure does not generally reflect the quality of the care provided (Newhouse et al.
2013). Rather, the price variation results from variation in the providers’ market power in
their negotiations with insurers, the extent of provider competition within a geographic
area, the type of facility offering the procedure, the lack of price transparency, and who is

footing the bill — Medicare, Medicaid, private insurer or patient (Rosenthal 2013]).

The current payment system does little to incentivize patients to be price-conscious
in their selection of a provider. Usually, patients pay either a fixed co-payment or a co-
insurance, that is, a fraction of the billed charges, subject to a maximum yearly out-of-
pocket. In the case of a co-payment, patients pay the same amount regardless of what the
provider actually charges. In the case of a co-insurance, for an expensive procedure the
co-insurance may exceed the maximum yearly out-of-pocket; the patient is then unaffected
by what the insurer is charged. Therefore, patients have limited incentives to select a less

expensive provider. As a result, providers have every incentive to raise prices.

To induce better decisions and reduce costs, insurers have used cost-sharing with
patients, with the goal of reducing the use of expensive and unnecessary care. Such mech-
anisms may lead to a reduction in the use of high-value services such as preventive care
and chronic disease management (Robinson 2010). Insurers may also narrow down the
provider network, hence channelling patients to high-quality providers who are willing to
discount their prices for a higher market share (e.g., managed care organizations and center

of excellence contracting). This approach often severely limits choices available to patients.

To better align incentives and control rising healthcare costs, a reference pricing (RP)
payment system has been proposed, incentivizing patients to use lower-priced providers.
Reference pricing has been used for pharmacy benefits and it has recently expanded to
healthcare procedures. One of the major implementations of reference pricing is through the
California Public Employees’ Retirement System (CalPERS), covering 1.3 million people.
In 2011, implementation of reference pricing for knee and hip replacement resulted in
$2.8 million in savings for CalPERS and $0.3 million in lower cost-sharing for CalPERS
members (Robinson and Brown|2013). Since then, CalPERS has expanded the program
to cataract surgery, colonoscopy, and arthroscopic knee surgery (White and Eguchi 2014)).

The idea of reference pricing is to set a “reference price” as the upper limit of charges to
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be reimbursed by the insurer. If a patient selects a provider charging the reference price or
less (known as a “value-based” provider), she pays a co-payment or co-insurance. However,
if the patient selects a provider charging more than the reference price (i.e., a “non-value-
based” provider), she has to pay the full portion of the charge above the reference price
(not applicable towards a yearly maximum out-of-pocket), in addition to the co-payment

or co-insurance from the portion below the reference price.

Reference pricing can be applied to any shoppable medical service — not emergency care.
Patients must be able to shop around and compare providers based on their prices and
other attributes before making a selection. Such a comparison requires price and quality
transparency. Reference pricing has been (and should be) applied to services for which
quality of care is either (a) relatively standardized (such as diagnostic imaging), or (b) can
be relatively easily compared (such as joint replacement) (Robinson et al. 2017). Patients
cannot successfully shop for complex treatments whose outcomes are heavily dependent
on disease severity. Note that in the CalPERS implementation of reference pricing, “qual-
ity was deemed to be better or equivalent — as measured by post-surgery complications,

infection rates, and hospital readmission rates” (Fronstin and Roebuck |2014)).

Additionally, even though there may be a lack of price and quality transparency for
many health services, the availability of price and quality information has improved in
recent years. Many quality metrics are publicly available for a given healthcare provider.
For example Medicare’s “Hospital Compare” platform provides general information about
facilities and services provided at hospitals as well as patient experience surveys, effective-
ness of care, complications, mortality, etc. (CMS [2013)). Also, going forward, price com-
parisons will be easier for patients since, starting January 1, 2019, providers are required

to post price lists online in an effort to increase price transparency (CMS|2018)).

Finally, in successful implementations of reference pricing, insurers have exerted a lot of
communication efforts to inform patients of their options and help them make an informed
decision. This communication strategy can include a list of recommended (value-based)
providers, such as the one CalPERS supplied to its enrollees (Robinson and Brown [2013)).
Anthem Blue Cross engaged in both broad-based and targeted communications with con-
sumers (Lechner et al.|2013]). Other examples of providing price and quality information to
patients include: Safeway collaboration with Castlight Health to set up its reference pricing

program for certain outpatient services (NBCH)|2012)), Aetna’s iTriage price comparison
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from Healthcare Bluebook, UnitedHealthcare’s MyEasyBook online healthcare shopping
tool, Guroo price information based on claims data from four major insurers, and Health

in Reach comparison of licensed providers (Robinson 2016)).

Reference pricing has some clear advantages. Proponents argue that it provides patients
with incentives to make a price-conscious provider selection while maintaining access to a
large set of providers. Moreover, the most expensive providers may have to reduce their
prices to maintain their market share with price-sensitive patients (Robinson and McPher-
son 2012)). However, it may also have unintended consequences. Critics argue that reference
pricing could force patients to bear a larger share of the cost, especially if the reference
price is set low, reducing patient welfare. Moreover, providers who used to charge below
the reference price may increase their prices (shadow pricing), which could negate the

effect of a potential price decrease by higher-priced providers.

Our goal is to analyze the reference pricing payment scheme and its effect on all agents
involved — patients, competing medical providers, and insurer, from an analytical per-
spective. We propose to answer the following research questions: (1) Does reference pric-
ing reduce prices set by providers? (2) Are each of the stakeholders (patients, providers,
insurer) better or worse off under reference pricing relative to a system where the patient

pays either a fixed amount (e.g., co-payment) or a variable amount (e.g., co-insurance)?

This paper introduces a new model of reference pricing payment system that considers
competition among differentiated medical providers. While most of the closest existing
research takes an empirical approach to evaluating the effect of reference pricing on prices
and insurer spending, our analytical approach enables to extract managerial insights useful
to policy-makers. Our model incorporates heterogeneous patients influenced by monetary
and non-monetary motives. We obtain the patients’ optimal provider selection decisions
and the providers’ optimal pricing strategy under a fixed payment system, a variable pay-
ment system, and a reference pricing system. We compare the prices and the utility of
patients, providers, and insurer across the different payment schemes. We find that refer-
ence pricing leads the highest-priced providers to lower their prices. As a result, patients
are in general better off under reference pricing. In contrast, providers favor a variable
or a fixed payment system as such payment systems generate higher prices. Moreover, we
investigate the effect of varying the reference price and we obtain that setting it too low

may lead to no provider selecting to be value-based, which has detrimental consequences
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on the patient and insurer utility. Finally, we analyze the effect on the insurer’s objective.
We obtain that reference pricing performs well for many types of insurer except for a pub-
lic non-profit insurer who values the patient utility and the provider benefit as much as
its own cost. Our findings indicate that reference pricing constitutes a promising payment
system for shoppable healthcare services, as long as the reference price is not set too low
considering the cost, to maintain a sufficient number of value-based providers, except for
a public non-profit insurer. We also explore the effect of letting the reference price be

endogenously determined and of heterogeneous price sensitivity for patients.
2. Literature Review

Four streams of research informed and inspired this paper: research that studies healthcare
payment systems; research that focuses on reference pricing in the pharmaceutical mar-
ket; research that investigates reference pricing for healthcare services; and research that

captures consumers’ (or patients’) choice using a multinomial logit (MNL) model.

The first stream of research evaluates the performance of payment systems departing
from the traditional fee-for-service most commonly used presently in the US. These new
payment systems aim at realigning incentives to improve patient outcomes and curb costs.
Capitation and the prospective payment system focus on volume of care by reducing
incentives for unnecessary treatments. However, healthcare providers did not adopt these
payment schemes to the extent predicted due to the complete shift of risk to the providers
(Zuvekas and Cohen! [2016)). Pay-for-performance models typically focus on quality of care.
Yet, pay-for-performance may also result in cherry-picking the healthier patients, ignoring
aspects of care that are not captured in the quality measures, reducing the intrinsic motiva-
tion of providers, upcoding, and manipulating healthcare outcomes (Eijkenaar et al.|2013]).
Mak (2018)) finds that both the prospective payment system and pay-for-performance
should be complemented by co-payments that vary according to each provider’s marginal
service cost (consistent with reference pricing) and that are adjusted based on consumer
misperceptions. Bundled payments focus on healthcare outcomes and on keeping health-
care providers accountable. In this payment system, a fixed lump sum payment is provided
for a given episode of care regardless of the procedures implemented and of possible com-
plications (Gupta and Mehrotral [2015). |Guo et al. (2019) show that bundled payments

can improve the readmission rate, waiting time, and patient welfare. Yet, Adida et al.



Nassiri, Adida, Mamani: Reference Pricing for Healthcare Services

(2017) find that bundled payments, while removing incentives to over-treat, could generate
patient selection by providers. |Andritsos and Tang (2018]) show that pay-for-performance

is generally more effective at reducing readmissions than bundled payments.

The second stream of research focuses more specifically on the use of reference pric-
ing for pharmaceuticals (Lopez-Casasnovas and Puig-Junoy|[2000). Reference pricing was
first implemented for drugs in Europe in the 1990s (Brekke et al.|2007) and was credited
for improving price competition, making demand more price-elastic, and hence reducing
expenditures. However, critics argue that it removes patent protection and could nega-
tively impact research and development efforts by pharmaceutical firms. In addition, it
may introduce difficult trade-offs for patients who must choose between a lower out-of-
pocket or a better-suited drug. Reference pricing for pharmaceuticals has been empirically
shown to reduce the price of generic and brand-name drugs and shrink the brand-name
drugs’ market share (Kaiser et al. 2014)). Yet, Danzon and Ketcham| (2004) find that ref-
erence pricing in the US may hurt pharmaceutical innovation, new compound availability,
and competition. Reference pricing for pharmaceuticals has also been studied analytically.
Bardey et al. (2010) show that reference pricing negatively impacts research investment
and deters innovation. |Ghislandi| (2011)) finds that reference pricing can work well only if
the market for generics is competitive, and a poorly-set reference price can lead to collusion
among generic firms. Brekke et al. (2016)) show that reference pricing discourages entry
and, in some cases, can lead to a price increase. While in the pharmaceutical context, ques-
tions related to generic drugs, innovation and market entry are essential, in contrast we
focus on healthcare services with provider competition and the effect of reference pricing

on prices and patient, provider and insurer welfare.

The third stream of research investigates the use of reference pricing for healthcare ser-
vices. Reference pricing has been implemented for healthcare services in the US only fairly
recently. These implementations have motivated some empirical studies on the effect of
reference pricing for medical procedures. |[Fronstin and Roebuck! (2014) find that imple-
menting reference pricing for carefully-selected medical procedures could reduce prices and
save 1.6% of health care spending, but they warn that the value of the reference price is
critical to the success of the pricing scheme. [Brown and Robinson| (2016) study reference

pricing with both exogenous (i.e., externally selected) and endogenous (i.e., varying with
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market prices) reference price. Whaley et al. (2019) analyze empirically whether improv-
ing price transparency can lower the prices selected by providers. They also consider a
simple analytical model that evaluates the role of varying search costs under reference
pricing compared to a plan with a co-insurance. They show that the price-reducing effects
of reductions in search costs are stronger under reference pricing than under a co-insurance
system because in the latter, the presence of insurance coverage attenuates the effect.
Hence, reductions in search costs lead to little change in consumer choices under regular
insurance coverage; however, reference pricing amplifies the effect of reduced search costs.
Note that while they are able to compare the strength of the effects, they do not quantify
the size of each effect individually. A major distinction with our work is that in Whaley
et al.| (2019), providers do not optimize prices, and the authors do not study what the
prices are and the resulting welfare of the agents of the system. In contrast, we have a
different focus than the effect of search costs. Our analysis determines the equilibrium
prices and analyzes how the agents’ welfare compares across payment systems. This allows
us to compare the payment system beyond the effect of a reduction in search cost. Except
for |Denoyel et al.| (2017), who propose an algorithm to help the insurer select value-based
providers when the reference price is exogenous and the demand parameters are uncer-
tain, most papers to date on this topic take an empirical approach. In contrast to most
existing literature, we adopt a model-based analytical approach to help derive managerial
insights. Moreover, while the empirical literature is primarily focused on how prices and
insurer spending are affected by reference pricing, we analyze the effect on the welfare of

all stakeholders involved, including patients, providers, and insurer.

Finally, to model the patients’ choice across different providers, we use a multinomial
logit (MNL) choice model similar to |Aksoy-Pierson et al. (2013). The MNL model has been
widely used in the operations, marketing, and economics literatures (Anderson et al.|1992]).
It has also been used to model patient choice within the healthcare operations literature
(Truong| 2014). The MNL model captures the heterogeneity of preferences of different
patients and has several attractive properties. It is conceptually appealing, analytically

tractable, and it has been shown to have excellent empirical fit (Jain et al./[1994).

3. Modeling Framework

We consider a medical procedure with a fairly uniform protocol, covered by a given insurer.

The insurer’s network includes two competing and profit-maximizing providers who offer
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the procedure to a population of m heterogeneous patients under the insurer’s plan. The
cost split between patients and the insurer depends on the specific payment scheme. We
model three payment structures and establish measures to assess their performance. In a
fixed payment system (FP), the patient is responsible for a fixed amount regardless of the
selected provider. In a variable payment system (VP), the patient pays a fraction of the
price charged. Under reference pricing (RP), the price selected by a provider determines
whether it is value-based or not. The patient pays a fixed co-payment and in addition, if she
selects a non-value-based provider, the entire portion of the price above the reference price.
Our duopoly setting allows us to simultaneously examine the effect of competition among

providers as well as the role of different payment mechanisms and their performance.

Some of our results are generalizable to the case of more than two providers, as illus-
trated in the proofs in Appendix [D] However, analytically comparing different payment
models with more than two providers is intractable. Yet, we confirm numerically that these
comparisons continue to hold for more than two providers in Section [7] We next analyze

different stakeholders. Table [3] in Appendix [A] summarizes the notation.
3.1. Patients

For a given payment system, after observing the providers’ prices and non-price attributes,
each patient selects her utility-maximizing provider. Patients also have the option of select-
ing alternative treatments. The utility U;; that patient ¢ gains when receiving care at

provider j results both from non-monetary and monetary factors, and is modeled as
Uij:aj—'yoj—kmj, izl,...,m,j:1,2. (1)

Parameter a; represents the non-idiosyncratic utility that every patient receives when
obtaining care at provider j, exclusive of price considerations. Hence, a; captures general
attributes such as comfort level, availability of advanced technologies, quality and quan-
tity of staff and auxiliary facilities, etc. We assume that a; is fixed and, without loss of
generality, a; < a;. We denote o, the patient’s out-of-pocket cost when obtaining care from
provider j; for ease of exposition, we omit to make the dependence of 0; on prices and on the
payment system explicit. All patients have the same price sensitivity . This assumption is
used in related literature (e.g., Brekke et al.|2007, [Truong [2014, Kouvelis et al.[2015). We

relax this assumption in Section by considering heterogeneous price sensitivity levels.
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Parameter 7;; is the source of patient heterogeneity. It captures idiosyncratic attributes,
exclusive of price considerations, that patient i receives when obtaining care from provider
7, such as distance to the patient’s residence and ease of access, patient’s familiarity with
the facility and/or doctor performing the procedure, quality of care provided by provider j
as a priori perceived by patient 7, etc. Because parameters 7,; vary from patient to patient
for a given provider, our model captures heterogeneous patient preferences (Aksoy-Pierson
et al.|2013)). Patient 4’s utility from selecting an alternative treatment (i.e., choosing none
of the providers) is given by Uy = ug + 1;0, where uy is the fixed non-idiosyncratic utility of
selecting an alternative treatment, and ;g is the corresponding idiosyncratic added utility

specific to patient i.

We assume that parameters 7;;,%=1,...,m are independent and identically distributed
random variables for each j € {0,1,2}. We further assume that n;; follows a standardized
Gumbel (or type-I extreme value) distribution with cumulative distribution function form
f(z) = exp(—exp(—x)). This form of distribution for error terms results in a multinomial
logit (MNL) choice model for patients when making a selection across different providers
(Train |2003, Section 3.10). Notice that the error terms 7;; have a constant mean that can
be omitted in without loss of generality (Hayashi2011)). We observe that the patient’s
utility from obtaining services from a given provider is influenced by the provider’s char-
acteristics (through parameter a;) and by the unique combination of patient and provider
(through parameter 7;;) in addition to the patient’s out-of-pocket. Each patient, then,
selects the utility-maximizing provider. Using the MNL model, the probability that a ran-
domly selected patient chooses provider j is given by

€%~

- 2
€40+ D Loy €T

SJ(P) € (071)7 j: 1727 (2)

where P = (p1,p2) is the vector of provider prices. The probability of seeking an alternative

treatment is So(P)=1— 23:1 S;(P). The expected patient population utility is then:

2
Jj=

E[UJ(P)=m ( (a; —~0;)S;(P) +UO50(P)) : (3)

1

3.2. Providers

We consider two competing price-setting providers in the insurer’s network. At the stage

that our paper focuses on, the provider network is given and does not change, i.e., providers
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do not drop out of the network in the phase under study (but a provider can choose to
price so high that no patient would select it, effectively exiting the market). Providers
incur the same treatment cost c. Indeed, reference pricing is most relevant for procedures
with a uniform protocol so that variations in quality are minimal, and price comparison is
easier (Fronstin and Roebuck 2014)). Uniformity of protocol ensures little variation in cost
of delivery. Moreover, reference pricing is used to discourage price variations that are not
warranted by differences in cost. To better investigate whether reference pricing eliminates
such unwarranted price variation, we focus on providers with the same treatment cost.
Most of our results hold true for heterogeneous treatment costs across providers as long
as the provider treatment costs are ordered according to the non-price attributes (i.e.,
¢1 < ¢3). Such an ordering property is intuitive as improving general attributes such as

comfort of the facilities, staffing level, etc. may incur increasing costs.

Given a payment system, competitive providers engage in a game, anticipating patients’

reactions. Each provider j selects price p; (> ¢) so as to maximize its profit, given by
Vi(P)=m(p; —c)S;(P), j=1,2. (4)

3.3. Insurer

The insurer exerts leverage via the payment terms. In practice, the co-payment (under
the fixed payment) and co-insurance rate (under the variable payment) are set in advance
for broad categories of services (e.g., specialist visit, ER visit, hospital stay). The insurer
does not adjust these reimbursement parameters on a service-per-service basis, and so it
is reasonable to assume that such parameters have already been set for the considered
medical procedure. However, the reference pricing system is designed specifically for a
given procedure, and the insurer does have the freedom to set the reference price in an
optimal way for this procedure. More details on the insurer’s decision and its objective

under reference pricing are provided in Section [4.4]

4. Payment Systems

We analyze three types of payment systems. First, we consider a fixed payment system,
whereby the patient pays a fixed amount. This situation is closest to the current system
in many cases. It occurs in practice when the patient is subject to a fixed co-payment.

It may also occur when the patient is subject to a co-insurance with a yearly maximum
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out-of-pocket, and the range of prices for the procedure is high enough so the patient meets
the maximum out-of-pocket regardless of the provider she selects (e.g., joint replacement
surgery). Second, we investigate a variable payment, where the patient is responsible for a
given fraction of the price charged by the provider. In practice, this situation occurs when
the patient is subject to a co-insurance without maximum out-of-pocket. It may also occur
in the presence of a yearly maximum, as long as the maximum amount is large compared
to the likely patient out-of-pocket, so that the patient does not meet this yearly maximum
because of the procedure. Third, we examine the reference pricing scheme, where the
patient pays a fixed amount and, if selecting a provider charging above the reference price,
pays in addition the entire portion above the reference price. For each of these payment
models, the providers select their prices and patients then select a provider and pay the
corresponding out-of-pocket amount, depending on the cost-sharing mechanism in place. In
order to analyze the equilibrium decisions, we proceed by backward induction. As detailed
in the proofs, we start by analyzing the patient’s choice of a provider, given provider prices

pj, j=1,2; we then obtain the prices selected by the providers in equilibrium.
4.1. Fixed Payment

Under fixed payment, provider j selects a price that may not exceed p;. Each patient then
selects the provider that yields maximum utility, and pays a fixed amount f regardless of
the provider she selects and of the prices — namely, o; = f, j =1,2. While patients are not
sensitive to the prices charged, the insurer is, and thus the insurer negotiates the maximum
price p; with each provider in its network. (Such prices can be determined using a Nash
bargaining model (Binmore et al.1986). In contrast, under reference pricing or variable
payment, the provider’s market share would be negatively impacted by an excessive price.
Hence, the insurer does not need to negotiate a maximum and lets market forces regulate
the prices that providers select.) We consider the maximum prices p;, j = 1,2 as given and
our analysis of the fixed payment model focuses on the phase after these bounds have been
set. We next determine how providers, anticipating the patients’ reaction, set their prices.

Proposition 1. Under fized payment, at equilibrium, provider j selects pr =p;, j=12.

The result of Proposition [1I| stems from the fact that when the patient pays a fixed
amount, a provider’s high price has no adverse effect on its market share. Since the insurer
covers the portion of the charge not paid by the patient, high prices result in higher revenue

with no downside for the provider. Thus, providers have no incentive to limit the price they
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charge. This situation illustrates the issue of moral hazard present in this context: patients
make decisions without having to bear the financial consequences of these decisions. When
patients have “no skin in the game,” incentives are misaligned and lead to rising prices.
This situation motivates the need for a different payment system, where providers would

have incentives to control their prices and patients to make price-sensitive decisions.
4.2. Variable Payment

In a variable payment system, the patient is responsible for a fraction A € (0, 1] (referred to
as the cost share) of the amount charged by the provider. Providers select their prices, and
each patient then selects the provider that yields a maximum utility, where the patient out-
of-pocket is 0, = Ap;, 7 =1,2. We next determine how providers, anticipating the patients’

reaction and competing in a non-cooperative game, set their prices in equilibrium.

As a preliminary, we formalize a condition that guarantees the existence of a pure Nash
equilibrium within the analysis of the variable payment model. This condition is similar
to that introduced in |Allon and Federgruen| (2009)). Let p}/P (p—j) be provider j’s best
response price, when the other provider prices at p_;, and let S}”(p_;) be provider j’s
corresponding market share. Also, let p;* :p}]iriloopyp (p—;) and gyp = _1]i_r_r>1<>oS]VP (p—)-

Assumption 1. §:P <50% forj=1,2.

This condition resembles the standard economics result whereby a monopolist subject
to a linear price-demand function chooses to serve an optimal market share below 50%,
the remainder being left unserved. We note that when the other provider sets its price
at p_; and p_; becomes large, provider j is effectively the only relevant provider in the
market, and would then gain its maximum market share. This assumption thus ensures
that provider j’s market share is less than 50% regardless of the competing providers’
prices. Moreover, as demonstrated in the proof of Theorem ﬁ}/P is an upper bound on

provider j’s equilibrium price under the variable payment system.

Theorem (1| shows the existence of a unique Nash equilibrium for the providers’ prices in
a variable payment system under Assumption [I} and describes how to obtain these prices.
Theorem 1. At equilibrium, the providers’ prices are the unique solution of the system of

equations:

1_7>‘(pj_c)(1_S]VP(P)):07 J=12 (5)
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4.3. Reference Pricing

In the reference pricing payment system, the insurer sets a reference price p* for the
procedure and providers then select their prices. If a provider selects a price below the

“value-based” provider; otherwise it is a “non-value-

reference price, the provider is a
based” provider. Finally, each patient selects the provider that yields a maximum utility,
with o; = ¢+ (p; — p*)" = ¢+ max{0,p; — p*}, 7 =1,2. Namely, patients pay a fixed co-
payment (¢), and, if they choose a non-value-based provider, they also pay the portion of
the price above the reference price. Notice that, even though the co-payment is independent
of the selected provider, it impacts the appeal of seeking treatment for the patient. We
assume that the co-payment is less than the cost of treatment (¢ < ¢), which is consistent

with reality. We next determine how providers, anticipating the patients’ reaction, and

competing in a non-cooperative game, set their prices in equilibrium.

As a preliminary, we formalize a condition that guarantees the existence of a pure Nash
equilibrium within the analysis of the reference pricing system. In the following assumption,
the notations are similar to those defined immediately preceding Assumption

Assumption 2. gfp <50% for j=1,2.

We next show how value-based providers price at equilibrium.

Proposition 2. At equilibrium, a value-based provider prices at the reference price, p*.

This result is consistent with the fixed payment case and with intuition. When a patient
chooses a value-based provider, she pays a fixed co-payment, regardless of the price charged
by the provider. Hence, the actual price (up to the reference price) has no effect on
patient choice, and thus on the provider’s market share. Yet, the price has an effect on the
provider’s revenue. Hence, value-based providers set their prices as high as possible, that
is, at the reference price, a phenomenon known as shadow pricing (Fronstin and Roebuck
2014). In Appendix [C], we analyze a reference pricing system with variable cost share below
the reference price, which, we show, can mitigate shadow pricing.

The following result shows how a given set of non-value-based providers jointly determine
their prices in equilibrium.

Theorem 2. Consider as given the set of non-value-based providers, N'. At equilibrium,

the providers’ prices are the unique solution of the system of equations:

1=7(p; —c)(1 =S (P))=0 VieN, p=p" VigN.
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Theorem [2[ provides a way to find the equilibrium prices when the set of non-value-based
providers is known. Specifically, the prices can be found by solving a system of equations
(which we show has a unique solution), where the price of value-based providers is set to
p*. The ensuing results help determine the set of non-value-based providers.

Proposition 3. If provider 1 is non-value-based, then provider 2 is non-value-based.

Recalling that provider 2 has better non-price attributes (a; < as), Proposition |3| con-
firms the notion that the provider with better non-price attributes is more likely be non-
value-based, as it offers patients a quality of service that could justify the higher out-of-

pocket cost for patients who select it.

Below, we use the result of Proposition [3| along with Theorem [2] to obtain the set of
non-value-based providers and their prices at equilibrium in at most two steps.
Algorithm 1. Step 0. Initialize N ={1,2} and j =1.

Step 1. Solve the system of equations given in Theorem [4. If p; > p* Vj €N, stop. Else,
go to Step 2.
Step 2. N - N\{j}, j—i+1. If N =0, stop. Else, go to Step 1.

Algorithm [I]involves solving at most two systems of equations to iteratively test possible
candidates for the set of non-value-based providers. Upon completion of the algorithm we
identify the set of non-value-based providers as well as the prices they select in equilibrium.

This algorithm can be generalized for more than two providers.
4.4. Insurer Decision Under Reference Pricing

We now investigate the insurer’s decision-making role under reference pricing.
Remark 1. In setting the reference price, we model the insurer as aiming to maximize

the social welfare, that is, the system-wide utility.

Part of the insurer’s goal is to minimize the cost of covering health care expenditures
beyond the patients’ out-of-pocket. However, this is not the insurer’s sole objective — if it
was, the insurer would simply shift the entire cost of medical care to patients (by setting
the reference price at zero), leading to the worst patient welfare. Indeed, inspired by public
payers such as Medicare, the literature often models the insurer’s objective as that of
maximizing the system-wide utility (e.g., Barros 2011, |Andritsos and Tang[2018, [Mahjoub
et al.2018, \Guo et al.|2019, |Adida/|2019). This objective function ensures that the insurer

considers not only its own cost of providing coverage, but also the welfare of patients
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under its care, as well as the providers’ welfare to ensure that providers remain in-network
in the long run, which maintains access to care for the population. Within the context
of healthcare payment systems, for instance, [Ma and Mak (2015)) consider the insurer’s
objective to maximize a weighted sum of the social net benefit and the provider’s profit.
This insurer objective is also consistent with our motivating example: CalPERS is a public
insurer whose mission includes delivering healthcare to its members, and can be modeled
similarly to a social planner considering the utilities of all the agents of the system in its
objective. Dranove (1996) notes that, “the social planner is concerned with all incremental
resources associated with treatment, whether borne by patients, providers, or insurers”.
This is also a common structure in more traditional economic literature: for example,
Baron and Myerson| (1982)) assume that the regulator considers the firm profit in addition

to consumers. We thus model the insurer’s objective as:

T (p7) = BURPI(P(p7)) +w2 Y VI (P(7)) = W (P(p"))

j=1

=m ) (wi(a; —v0;(p") = uo) +wa(p;(p") — ) = ) S;7(P(p*)) + mwrug.  (6)

2
=1

j
In the equation above, P(p*) are the prices that providers select in response to a reference
price p*; WEP(P) = ngzl(pj — 0;)SfP(P) is the insurer’s cost; coefficients w; € [0, %]
and ws € [0, 1] are the weights of the expected patient population utility and the providers’
aggregated utility in the insurer’s objective, respectively. We set w; < 1/v so the insurer
values the patients’ out-of-pocket at most as much as its own cost. Introducing weights w;
and wy enables us to study how different types of insurers (who may value provider and
patient welfare more or less relative to the insurer cost) fare under reference pricing. In
particular, w; = wy = 0 corresponds to the case of a greedy insurer that solely considers
its own cost, while w; =1/v, ws =1 corresponds to the case of a public non-profit insurer

that values patient and provider welfare as much as its own cost.

As a preliminary before analyzing the insurer’s optimal decision, the following lemma
illustrates how the set of non-value-based providers changes with the reference price.
Lemma 1. As the reference price increases, the number of non-value-based providers

decreases or remains constant under reference pricing.

As the reference price increases, value-based providers gain a higher margin. A non-

value-based provider may thus choose to become value-based, but not vice versa.
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We assume that the insurer must set the reference price high enough to have at least one
value-based provider in its network. By Proposition [3], provider 1 must thus be value-based.
Past implementations of reference pricing validate this assumption (e.g., in the CalPERS
joint replacement implementation, the reference price was set at the 67" percentile of the
prices under the fixed payment model (Robinson and McPherson [2012)). Proposition

describes the insurer’s optimal reference price decision under this assumption.

Proposition 4. Let p, = %(14-%) + ¢ and let pj, solve for p* in p* =
L <1 + i ) +c, where p&Y' (p*) is the best response of provider 2 to provider
Y 04227 (P3 (P*)—P*+0)

1 pricing at p*, i.e. p¥¥'(p*) solves
e WO = (3 (") — ) = 1) (" + e 7). (7)

Then pi, < p3y. Moreover, if €277 < (y(wy(az — v —ug) — ¢) — 1) (€"0 4+ e 77¢) and yw; <
wy then the optimal reference price is
ph o PT <pii;
p* = argmaz {11 (p* = pi,) I (p" = p3) I (0" = B°) } = Q 3¢ if pi, <5 < pi:
p*
P3y Uf D* > D5y,
and p* solves for p* in
(w1 Aug (p*) +walgy (p) ST (P (p*)) + (wiAuagg(p*) + wavs — p*)So(P(p*)) +wi =
(1 =w) ST (P(*)) + (1 — wa S5 (P(p"))) S5 (P (pY))
VS (P(p*)) (1 = S5 (P(p))) ’
with Augi (p*) = az — a1 — y(p3" (p*) — p*), Avar(p*) = p5”(p*) — p*, Aug(p*) = as —
Y(PFP (p*) = p* + &) — o, and vy = (p§¥(p*) - ¢).

Conditions described in this proposition characterize situations where the insurer sets
the reference price either at the minimum value that guarantees one value-based provider
(p* = pi,), or high enough to be indifferent between having one or two value-based providers
(p* =ps,), or in-between. We next focus on two special cases.
Corollary 1. If w; =w, =0 (greedy insurer) then the optimal reference price is p* = pj;.
If wy = % and wy =1 (public non-profit insurer) then

o if (ug—as+yc)e™ — (az —ay)e™ <0, then the optimal reference price is p* = p,

o if (ug — as + yc)e"™ — (ay — ay)e™ > 0, then the optimal reference price is p* =

argmaz {1177 (p* = p,) ,TI%7 (p* = p3,) } .
p*
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5. Comparison of Payment Models

In this section, we derive insightful properties of the equilibrium outcomes under the dif-
ferent payment regimes, and explore implications on different stakeholders to guide policy
decisions. We focus on analytically comparing reference pricing to the variable payment
system. Comparing with the fixed payment system would not yield insightful analytical
results because the performance of the fixed payment system critically depends on the value
of the fixed payment f and the price upper bounds p;, j=1,2, which do not affect the
other models. There is a consensus in the health policy community that the fixed payment
model does not create the right incentives; this observation motivates us to focus on other
alternatives and compare them to each other. We numerically confirm this observation in
Section [7], where we compare the three payment systems to each other when parameters
are calibrated according to the CalPERS implementation of reference pricing for knee and
hip replacement. We first derive preliminary properties of the payment schemes.

Lemma 2. (a) Under a variable payment system, each provider’s price is decreasing in
the cost share A at equilibrium. (b) Under a reference pricing system, each provider’s price

18 1ncreasing in the reference price p* at equilibrium.

Under a variable payment scheme, as the patient cost share A\ increases, patients bear
a larger portion of the price and more patients are incentivized not to seek treatment,
which adversely affects providers’ market share. Hence, providers lower their prices to
compensate for the increased cost share. Under reference pricing, increasing p* results in
value-based providers increasing their prices to keep up with the reference price, which
allows any non-value-based provider to raise its price as well accordingly — or choose to

become value-based without this necessitating a price decrease.
5.1. Patients

In this section, we evaluate how the payment models affect the patient utility. When the
payment terms (i.e., the cost share A and the reference price p*) change, the patients’
utility is directly affected via a change in the out-of-pocket. It is also indirectly affected
via changes in the provider prices, as described in Lemma [2] The following result examines
the combined net effect of a change in the payment terms on patient out-of-pocket.

Lemma 3. (a) Under variable payment, the patient’s out-of-pocket is increasing in X. (b)

Under reference pricing, the patient’s out-of-pocket is non-increasing in p*.
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Under a variable payment scheme, rising A results, on the one hand, in higher out-
of-pocket for a given price and, on the other hand, in lower provider prices, which can
positively affect patients. Lemma [3| demonstrates that the direct effect of increasing \ on
patient out-of-pocket dominates the indirect effect of lower prices. Under reference pricing,
rising p* has no effect for patients visiting value-based providers as their out-of-pocket
remains at ¢. For given non-value-based providers’ prices, the out-of-pocket for patients is
lowered. On the other hand, rising p* results in higher provider prices which can adversely
affect patients. Lemma [3| demonstrates that the direct effect of increasing p* on patients’

out-of-pocket dominates the indirect effect of higher prices.

We now proceed to compare the payment schemes in terms of patient utility. To achieve
this, we first compare the providers’ equilibrium prices.
Proposition 5. There exists \; € (0,1] such that provider j prices higher under the vari-

able payment system than under reference pricing iff A <Aj.

Essentially, as the cost share \ increases, by Lemma (b) a given provider’s price under
variable payment decreases (parameter A plays no role under reference pricing). Proposition
shows that for a small enough cost share, the variable payment price is higher than the
reference pricing price, but as the cost share increases within (0, 1], the variable payment
price eventually becomes lower than the price under reference pricing.

Proposition 6. Assuming that ¢ < Ac, the patient out-of-pocket is lower under reference
pricing than under a variable payment system. Moreover, the expected patient utility is
higher under reference pricing than under a variable payment system at equilibrium when
the outside option is weak (i.e., there exists g > 0 such that the expected patient utility is

higher under reference pricing than under a variable payment system iff ug < ).

We assume that the co-payment is less than Ac which, in practice, is often the case.
Under reference pricing, value-based provider visits result in a patient out-of-pocket equal
to the co-payment. Therefore, the patient out-of-pocket at non-value-based providers has
to be low enough to ensure these providers remain competitive. Under variable payment,
there is less pressure on providers to keep the patient out-of-pocket low. Hence, patients

benefit more from reference pricing than from variable payment.
5.2. Providers

In this section we evaluate how the payment models affect the provider profit. We start

by investigating how the provider profit varies as the payment parameters change.
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Lemma 4. Fach provider’s profit is (a) decreasing in the cost share \ under a variable

payment system; (b) increasing in the reference price p* under a reference pricing system.

Under variable payment, as A increases, by Lemmal[3] patients bear a larger out-of-pocket
and thus fewer patients choose to seek treatment. In addition, provider prices decrease,
resulting in a lower profit. Similarly, under reference pricing, as p* increases, patients bear
a lower out-of-pocket, while prices increase, resulting in a higher provider profit.
Proposition 7. There exists 5\j € (0,1] such that provider j gains higher profit under

variable payment than under reference pricing as a non-value-based provider iff A < 5\]-.

Under variable payment, as the cost share A increases, by Lemma (b), each provider’s
profit decreases. Proposition [7| shows that for a small cost share, the provider profit is
higher than under reference pricing, but as the cost share increases, the provider profit

becomes lower than a non-value-based provider’s profit under reference pricing.
5.3. Insurer

The insurer cost is the gap from the patient out-of-pocket to the provider price. We showed
that the patients’ out-of-pocket is in general lower under the reference pricing model
(Proposition @ We also showed that prices may be higher or lower under reference pricing
(Proposition . The next result combines these two findings to compare the insurer cost.
Proposition 8. There exists A € (0,1] such that the insurer’s cost under the variable
payment system s larger than under the reference pricing system iff A < X, where X is
given by the implicit equation

Z pVPSVP(PVP) = p*(1 — SEP(PRPY).

k=i,j

Proposition [§] states that the insurer incurs a lower cost under the reference pricing

scheme for smaller values of A\ (i.e., for A < 5\) Section [7] illustrates that in practice,
commonly used co-insurance rates tend to be below the threshold A Hence, the insurer’s

cost is typically lower under reference pricing than under variable payment.
6. Extensions

6.1. Endogenous Reference Pricing

Our analysis of reference pricing in Sections [4] and [5|is based upon an exogenously-selected
reference price, that is, a price that the insurer selects. In past implementations of refer-

ence pricing, there have been cases of endogenously-selected reference price — where the
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reference price is a result of the prices set by the providers (Brown and Robinson 2016
Antonanzas et al.[2017). A major implementation of endogenously-selected reference price
for pharmaceuticals is the external reference pricing (ERP) policy (also known as “inter-
national reference pricing” ), which is used for curbing pharmaceutical spending in over 55
countries. Under ERP, the government of a country requires that the price a pharmaceu-
tical firm charges in the country be no more than a maximum value, which is calculated
based on the prices the firm charges in a well-defined set of other countries (Rémuzat
et al.[2015). Under endogenous reference pricing, the providers indirectly and collectively

determine what the reference price is. Hence, the insurer has less control over its spending.

In this section, we analyze the case of endogenous reference pricing for two providers.
To ensure that there is at least one value-based provider, we assume that the reference
price is set at the minimum of the two prices selected by the providers. Hence, when each
provider selects its price, it anticipates not only what price the other provider selects, but

also what the resulting reference price is, and the ensuing impact on patients’ decisions.
We make a technical assumption similar to Assumptions [1f and

Assumption 3. ngP <50% for j=1,2.
We next show how providers price at equilibrium.

Theorem 3. If "0 + eM~7¢ > %277 there exists infinitely many Nash equilibria, charac-

terized by

euo _'_eal—vé + eag—’y&' euo _i_eal—'yé_|_ eaz—'\/E)

= (= — ,
D1 =Dp2 (c+ ~(e% + en1—7%) c

,}/eagf'yé
If 0 4 eM ¢ < e277¢  there exists a unique Nash equilibrium. At the equilibrium, we have

p1 < p2 and (p1,p2) is the unique solution of the system of equations:

(D) — (04 ) [y (py = ) — 1] ®

1

Y(p2—c)—1 )

Y(p1—c)—1=

This result indicates that when provider 2, who has attributes that are a priori more
attractive to patients, is not much more attractive than provider 1 and the outside option,
then both providers are value-based in equilibrium. Provider 2 is not differentiated enough
to justify pricing higher than the other provider. However, when the two providers are very
differentiated (a; much larger than a;) and/or the value of the outside option is low, then

at equilibrium provider 1 is value-based and provider 2 is non-value-based.
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P <Ps P 2> Poo
(i) low p*, little provider differentiation: | (ii) high p*, little provider differentiation:
€U0 4 21 77E > ga2-7¢ endogenous: p; = po; endogenous: p; = po;
exogenous: p; =p*, ps > p* solves @ exogenous: p; =py =p-*
(iii) low p*, high provider differentiation: | (iv) high p*, high provider differentiation:
euo 4 g1 77e L ga2me endogenous: (p1,p2) solves —@; endogenous: (py,ps) solves -@D;
exogenous: p; =p*, ps > p* solves @ exogenous: p; =pz =p*

Table 1 Comparison of endogenous and exogenous reference pricing

Proposition 9. Consider cases (i), (ii), (iii) and (iv) as defined in Table[]l Equilibrium
pricing strategies under erogenous reference pricing (superscript ‘exo’) and endogenous
reference pricing (superscript ‘endo’) compare as follows (we tested numerically that each
of the possible orderings listed in Proposition [ may indeed occur for some instance of the
problem):

o In case (i), pe™ < po < pendo = pendo,

e In case (ii), if y(p* —c) > 1+ (e“ + 7€) /e®2¢  all endogenous Nash equilibria

satisfy pi*° = ps > p§do = pgnde . Otherwise, there are endogenous Nash equilibria with

(o]

piTe = p2eac0 > pimdo — pgnda and others with pi;xo — p2eac0 S pfndo — p;ndo.

e In case (iii), there are four possible orderings: either pS™ < pS¥ < p¢nde < psndo op
pfzo < pfndo <p§:w <p§nda or pisndo <pfzo < pgndo <p§:w or pfnda <p;ndo <pfzo < pgzo'

e In case (w)7 p;"f”d" <p§nd0 <pfzo :pgzo'

We next aim to compare the insurer’s objective under the four cases defined in Table
. In case (ii), we find that if wy =1, the insurer is indifferent. If wy < 1, the insurer’s
objective is higher when the price is lower. Hence, if y(p* —c¢) > 1+ (e% 441 77€) /9277¢ the
insurer’s objective is higher under any of the endogenous equilibria. Otherwise, the insurer’s
objective under the endogenous setting may be higher or lower than under the exogenous
setting, depending on which of the multiple possible endogenous equilibria occurs. In cases
(i), (iii) and (iv), the comparison can be done numerically using the closed-form expressions
of the insurer’s objective. We obtain that in each of these cases, endogenous reference
pricing may either benefit or hurt the insurer’s objective depending on the specific problem
instance. The following result focuses on the special case of a public non-profit insurer.
Proposition 10. For w; =1/v and wy =1 (i.e., public non-profit insurer), Table[q com-
pares the insurer’s objective under endogenous and exogenous reference pricing, where

O =w ((az —a1)e™ "+ (ag — uo)euo) — woyce' = D270 e _ <c—|— w) e'o,
Y Y
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D" <DPio i 2
€U0 F e T > e (i) OZ5 <TRV, iff ¢ >0 (i) TR =127,
€U0 4 et < e 70 | (iil) TAD <TIEE Viff [(ps™ — p) — (pg™° — pi™®°)] - ¢ >0 | (iv) TTED <TIEF iff ¢ <0

Table 2 Comparison of endogenous and exogenous insurer objective in the special case wi =1/v and wy =1

6.2. Heterogeneous Price Sensitivity

In this section we consider heterogeneous patients as either low-type or high-type, based on
their price sensitivity, respectively v, and vy (with v, < ~yg). We denote ¢ the proportion
of the population with low price sensitivity. The results and discussions in this section
can be easily extended to the case of more than two patient types, with similar insights.
A patient of type ¢ € {L,H} receives utility qu from visiting provider j, where Uf =
a; —q ((pj —p*)* + ¢). Note that U > U". Thus, the probability that a randomly selected
patient of type ¢ seeks treatment from provider j is Sj(P) = Vi /(e + Zzzl elt), and
provider j obtains expected profit V77 (P) =m(p; —¢) ((SF(P)+ (1 —¢)SH(P)) for j =
1,2. We make a technical assumption similar to Assumptions [IH3]

Assumption 4. ?;1- <50% for j=1,2 and q=L,H.

The following result shows how a given set of value-based and non-value-based providers
jointly determine their prices in equilibrium.
Theorem 4. Consider as given the set of non-value-based providers, N'. At equilibrium,
a value-based provider prices at the reference price, p*. Moreover, the non-value-based

providers’ prices are the unique solution of the system of equations:
¢S7(P) (1 =1lp; — ) (1= SF(P))) +(1=¢) S (P) (1 = yu(p; — c)(1 = Sj'(P))) =0 Vj €N,

As in Section , we assume that there is at least one value-based provider (hence,

p1=p*). Similar to Lemma @, we show that provider 2 decides to be value-based iff
¢Sy (p"p") (L= 7lp" — )1 =Sz (p*,p"))) + (1= )85 (¢, p") (1 = yu (p* — ) (1 = S5 (p",p"))) 0. (10)

Since S%(p*,p*) is increasing in as, so is the left-hand-side of inequality (10]). Thus, for
a given value of the reference price, provider 2 chooses to differentiate from provider 1
and become non-value-based when its non-price attribute is sufficiently more appealing to
patients to justify a price premium. In this case, provider 1 serves mainly patients with

high price sensitivity, and provider 2 serves mainly patients with low price sensitivity.
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Figure 1 Impact of the cost of obtaining a higher non-price attribute on provider differentiation (p* = 3.5 x

10%, ¢1 =1x 10%)

Consider the case where, in a preliminary stage, provider 2 has the option to select a
non-price attribute (at a cost). More precisely, in a prior stage, provider 2 decides the value
of ay. It may select a value above aq, incurring a cost linear in a, (positive marginal cost),
or a value below aq, incurring a cost saving linear in as (negative marginal cost). We study
this problem numerically when a, is constrained to lie within [a; — (10%),a; + (10%)]. The

optimal choice of ay along with the ensuing prices are illustrated in Figure [1}

Differentiation between the two providers can stem from a distinction either in non-price
attribute or in price (or both). A high cost (greater than 0.84 x 10%) disincentivizes provider
2 from differentiating: it chooses ay equal to a; and becomes value-based. For a low positive
cost (0 to 0.6 x 10%), provider 2 chooses to differentiate from provider 1 by offering a
higher non-price attribute and a higher price, which results in non-value-based status (full
differentiation). There also exists an intermediate range of cost (0.6 to 0.84 x 10*) where
provider 2 selects to offer a higher non-price attribute than provider 1 while remaining
value-based (partial differentiation). Here, the benefit of attracting a higher market share
through offering a higher non-price attribute outweighs the cost for provider 2, but the unit
cost is too high to differentiate to an extent justifying charging above the reference price.
When provider 2 can enjoy savings due to a non-price attribute lower than a;, it chooses
to become value-based. When the magnitude of these savings are small (—0.8 x 10* to 0)
there is no differentiation. However, as the magnitude of cost savings increases (less than
—0.8 x 10%), provider 2 sacrifices market share to gain higher margins by selecting a non-
priced attribute lower than a;. Notice that for very low marginal cost (below —1.48 x 10),
provider 1 differentiates from provider 2 by becoming non-value-based due to the large gap

in the two providers’ non-price attributes.
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7. Numerical Study

In this section we present numerical experiments that help address policy questions by
comparing outcomes for different payment mechanisms. We calibrate the base-case param-
eters on a joint replacement surgery, for which CalPERS implemented reference pricing
in 2011 (Robinson and Brown 2013)), using the medical and health economics literature.
Appendix B details how we selected these parameter values, summarized in Table [ in the
Appendix. We found that the results obtained in Section [5| are robust to the presence of

more than two providers in all the instances we considered.
7.1. Comparison of Payment Systems

Effect on prices. Figure [2[ depicts the price selected by three of the providers (indexed

1, 5, and 10) under the different payment schemes as the treatment cost (c) varies.

Under fixed payment, providers charge the maximum allowable price, which is higher
for providers with better non-price attributes. At the base-case (for ¢ =2.24 x 10%), the
reference price is at the 67" percentile of prices under fixed payment, and we find that 7 of
the 10 providers choose to be value-based under reference pricing. Under variable payment,
providers set higher prices as they are not limited by an upper bound and they do not
compete with value-based providers. We observe that some providers with low non-price
attributes increase their price under reference pricing as compared with fixed payment
(Figure 2| (a) and (b)), confirming the shadow pricing effect. Furthermore, providers with
high non-price attributes lower their prices significantly under reference pricing (Figure

(¢)), which is consistent with observations made in practice.

—FP; === VP e RP
T T B
~ 6| 16l -1 et et
< P Piig P
S b 1 a7 1 oap |
= L 9
O e A P TC L I SO
2 | | 2 | | 2 | |
0 1 2 3 0 1 2 3 0 1 2 3
c(.10%) c(.10%) c(.10%)
(a) Provider 1 (b) Provider 5 (c) Provider 10

Figure 2 Effect of cost on provider prices
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We now examine the effect of varying cost c¢. Under fixed payment, providers charge
the maximum prices p; regardless of cost. A higher cost leads to higher prices under
variable payment and, to a lesser extent, under reference pricing. Competition with value-
based providers applies a downward pressure on non-value-based providers’ prices, an effect
that is absent under variable payment. Still, as the cost increases, value-based providers

eventually choose to become non-value-based to be able to increase their prices.

Effect on patients. Figure [3|(a) illustrates how the different payment systems affect the
patient expected utility as the treatment cost varies. Overall, we observe that patients are
worse off under variable payment over the entire range of cost. This is consistent with
Proposition [6] and is due to a combination of high prices and low patient participation
under variable payment (made worse as the cost increases). We observe that, unless the cost
is high (i.e., above approximately $23,000 in this example, causing a lack of value-based
provider), reference pricing results in higher patient expected utility than fixed payment
due to a low patient out-of-pocket for value-based providers. When the cost is low relative
to the reference price, a cost increase does not have a noticeable effect on the patient utility
under fixed payment and reference pricing. Overall, reference pricing improves the patient
benefit compared to other systems unless the cost is so high relative to the reference price

that there are no value-based provider.
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Figure 3 Effect of cost on the expected patient utility, aggregated provider profit and insurer cost

Effect on providers. Figure (b) illustrates how different payment systems affect the

aggregate provider profit as the treatment cost varies. As expected, the provider profit
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decreases as the cost increases. We observe that provider profits are generally highest under
the variable payment system, where providers benefit from high prices which allow for
higher profit margins. As expected, reference pricing lowers the aggregate provider profit

as it applies a downward pressure on prices due to competition with value-based providers.

We should point out that these observations are valid for the aggregate provider profit;
individual providers are not all impacted in the same way. In general, lower-indexed
providers benefit from reference pricing because they get to price higher than under fixed

payment and gain market share as value-based providers.

Effect on the insurer’s cost. Figure [3[(c) illustrates how the different payment systems
affect the insurer’s expected cost as the treatment cost varies. Overall we observe that the
insurer has the lowest expected cost under reference pricing. Under reference pricing, a
change in cost does not affect prices unless the cost is high. At high cost values, prices
increase and there are no more value-based providers, thus fewer patients choose to seek

treatment, which lowers the insurer cost.
7.2. Insurer

Figure [4] illustrates how the different payment systems affect the insurer’s objective as
the treatment cost varies for 3 scenarios of weights (wy,ws) of patient and provider utility
within that objective. We observe that reference pricing results in the highest insurer’s
objective, unless the insurer’s behavior approaches that of a public non-profit insurer.

Then, the performance of reference pricing is similar to that of a fixed payment model.

Figure [5] illustrates how the different payment systems affect the insurer’s objective as

the reference price, p*, varies for 3 scenarios of weights (wy,ws) of patient and provider
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Figure 4  Effect of cost on the insurer objective (% =0.6667)
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Figure 5  Effect of reference price on the insurer objective (% =0.6667). The vertical dashed line is the minimum

value of the reference price to ensure there is at least one value-based provider.

utility within that objective. The vertical dashed line represents the minimum value of p*
that makes at least one provider value-based (p* =29,200). In this example, a reference
price larger than 30,500 makes all 10 providers value-based. In general, we observe that
the insurer benefits from choosing reference pricing over other payment models for a wide
range of reference price, except in the case of public non-profit insurer (i.e., (wy,ws) =
(%, 1)). However, to ensure a reasonable balance between value-based and non-value-based
providers, the insurer may select a reference price within a narrower range (i.e., 29,200 <
p* < 30,500). In the case of public non-profit insurer, the providers’ utility significantly

impacts the insurers’ profit and thus the variable payment model dominates.

To summarize, our analysis leads to two main observations: (a) reference pricing accom-
plishes its premise: it lowers prices for providers who were charging the most; and (b) if
the procedure cost is relatively low (or the reference price is sufficiently high, so there
is at least one value-based provider), reference pricing can indeed both benefit patients
and reduce the insurer’s cost. In such instances, because some providers (with high non-
price attributes) would be worse off with reference pricing, it is important to ensure that
providers accept to stay in the healthcare network so access to care is maintained in the
long term. Finally, we note that performance of the reference pricing model varies depend-
ing on how the insurer values patients and providers. For most cases, reference pricing
benefits the insurer compared to the other models. However, as the insurer’s behavior
approaches that of a public non-profit insurer, reference pricing may no longer be the most

favored option for the insurer.
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In Appendix[C], we study analytically a reference pricing variant with variable cost share
below the reference price (RV). We find numerically that, similar to reference pricing, RV
can also deliver quality care at a reasonable cost to the insurer while ensuring high utility
for patients. Reference pricing appears more promising than RV due to a stronger benefit

for patients; however, RV mitigates the issue of shadow pricing for value-based providers.

8. Discussion and Concluding Remarks

Healthcare providers have gained sufficient market power to command high prices from
insurers. Some insurers’ strategies counter provider market power by either developing
limited provider networks that exclude high-price providers or by requiring greater patient
cost-sharing. Both co-payments and co-insurance cost-sharing schemes limit patients’
financial exposure to the real cost of healthcare prices for expensive procedures (for the
latter, due in part to patients’ maximum out-of-pocket limits). The combination of this
low consumer price-sensitivity and high provider pricing power has weakened the insurer’s
leverage. A recent alternative has been the implementation of reference pricing. The main
objective of reference pricing is to save money by providing patients with incentives to
seek treatment at low-price providers, while simultaneously using competitive forces to

motivate high-price providers to lower prices in order to retain their market share.

Our analysis shows that reference pricing often leaves the patients better off and reduces
the insurer’s cost compared to the variable payment and the fixed payment systems, at
the detriment of the highest-priced providers. However, when the procedure cost is high
relative to the reference price, reference pricing can hurt the patient utility more than the

status quo due to a scarcity of value-based providers and high out-of-pockets.

Reference pricing is potentially an appealing cost-saving strategy for the insurer for a
number of reasons. First, rather than limiting a provider network, reference pricing main-
tains access to a broad network and patients may apply their insurer’s contributions toward
payment for any provider they choose. Second, reference pricing incentivizes the selection
of lower-priced providers. This market share redistribution reduces the average price paid
by the insurer, even if no provider discounts its price. In the CalPERS experiment, the
increase in volume of patients choosing value-based providers by the end of the second
year of implementation ranged from 8.6 percentage points for cataract removal surgery

(Robinson et al.|2015) to 18.6 percentage points for laboratory tests (Robinson et al.
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2016). Third, reference pricing might serve to further drive down healthcare costs if higher-
priced providers respond by reducing prices. Robinson and Brown| (2013) found that the
introduction of reference pricing for knee and hip replacement in CalPERS resulted in a
20.2 percent decline in hospital prices. Robinson et al.| (2017) report that the number of
providers designated by CalPERS as value-based increased from 43 in the year of reference

pricing implementation to 53 only four years later.

There are several challenges arising when considering adopting reference pricing. First,
adoption of reference pricing requires both insurers and patients to have information on
providers’ prices. Second, an important consideration in evaluating reference pricing is to
ensure quality outcomes do not diminish in value-based providers. While several evalua-
tions of the CalPERS reference pricing experiment do not suggest quality compromises, one
should acknowledge barriers to measurement of quality. Any future successful implementa-
tion of reference pricing programs should include a comprehensive quality data reporting.
For instance, the Blue Cross and Blue Shield Association has developed comprehensive

quality standards for joint replacements through the Blue Distinction program.

Outpatient and diagnostic procedures could be an area where reference pricing can be of
great value in reducing healthcare expenditures. Such procedures tend to represent discrete
services with well-defined protocols, and occur in large volumes. Imaging and lab services
have little variation in quality, making them good candidates for reference pricing. It is
noteworthy that the potential impact of reference pricing on such procedures alone can
be quite significant. White and Eguchi (2014)) identify 73 high-volume inpatient services
and 90% of the most common ambulatory procedures that would be eligible for reference

pricing, counting for 1/3 of the total spending for the non-elderly insured population.

While reference pricing is not a be-all and end-all solution to the shortcomings of the
healthcare system, it has some clear advantages over the traditional payment methods and

can flourish for the right conditions and episodes of care.
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Materials for Online Appendix

Appendix A: Notations

n  number of providers

m  population size of the patients

& treatment cost

v  patients’ price sensitivity
a;, n;; the non-idiosyncratic, idiosyncratic payoff for patient ¢ when visiting provider j
out-of-pocket cost for the patient obtaining care at provider j
ug  value of outside option: patient utility when not seeking treatment
p; ~ maximum allowable price that provider j can set under the fixed payment model
p;  price of the treatment charged by provider j
P vector of provider prices
(P) probability that provider j is chosen by a randomly selected patient when providers price at P
V;(P) utility that provider j gains when offering a procedure when providers price at P
(P) cost of the insurer when providers price at P
P reference price
f  fixed amount that patients pay under the fixed payment model
A portion of the payment that the patient is responsible for under variable payment

Table 3 Key Notations

Appendix B: Input Parameters for Numerical Experiments

We calibrate the base-case parameters according to the knee and hip replacement surgery, for which CalPERS
implemented reference pricing in 2011, using the medical and health economics literature. We normalize the
size of the population of patients seeking treatment to m = 1. While our analytical results were obtained in

the case of two providers, in the base-case scenario of the numerical study we consider n =10 providers.

We set the fixed payment f at $3000. CalPERS normally imposes a 20% co-insurance (A = 0.2) subject to a
$3000 maximum out-of-pocket. The amount a patient must pay as co-insurance would meet this maximum as
soon as the procedure price exceeds $15,000, which is virtually always the case for a hip and knee replacement
surgery (Fronstin and Roebuck|[2014). We set the reference price (p*) at $30,000 in the base case, consistent
with the CalPERS experiment. The maximum allowable prices under the fixed-payment scheme (ﬁj) take
values within [$20,000;$50,000]. These values are consistent with the prices before implementation of reference
pricing for CalPERS (Robinson and Brown|[2013). We assign specific values of p; so the reference price is
at the 67" percentile of the distribution of prices p;»J=1,...,n. The cost of treatment may be affected
by many different factors. The Healthcare Bluebook estimates the fair price of knee replacement at about
$27,000, including anesthesia, postoperative care, implant or device, and hospital stay (Healthcare Bluebook
2019). Using this estimated price and considering a profit margin of 20% for the provider, we use ¢ = $22,400
as a base-case value. We use uy = 0 as the value of the outside option, but did further experiments evaluating
the sensitivity of the outcome to ug (not presented here) and observed that the discussions in this section

remain qualitatively the same.

We model the non-price attribute of provider j as a; = a+ 0,8, where o; € {—n/2,...,n/2}\ {0} if n is
even; and o; € {—(n—1)/2,...,(n—1)/2], if n is odd. Parameter « represents the average non-price attribute
and parameter [ is a measure of the level of differentiation among providers; we use a = 1000, 8= 2000 as

base values. We tested the model for various values of v and ¢ and set v =1.5, = 1/ for the base scenario.
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Variable Base case Sensitivity Analysis
n 10 {2,5,10,20,50,100}
m 1
! 0.3 (x10%) [0.2,0.4](x 10%)
A 0.2 [0.1,1]
p* 3 (x10%) [2.24,4](x10%)
D [2.5311, 2.6522, 2.7015, 2.7263, 2.8557,
2.9443, 3.3365, 4.2555, 4.6873, 4.8056] (x10*)
c 2.24 (x10%) [0.5,p](x10%)
o 0.1 (x10%)
B 0.2 (x10%) [0.05,0.4](x10%)
U 0 [0,5]
¥ 1.5 [0.5,3]
Q= (wlvwz) {(07 0) (1/V1)7(1/70)7(1/(2W)7 05)}
5 0.15(x10%)

Table 4 Parameter values for the numerical experiments

The calibration of parameters «, 8, and « ensures that the observable characteristics of outcomes under
reference pricing (e.g., fraction of providers who choose to be value-based) match the CalPERS experiment,
so our numerical findings on the agents’ utilities is meaningful. Finally, in the CalPERS example, the patient
fixed payment under reference pricing varied within [$0, $3,000], where $3,000 was the maximum yearly

out-of-pocket value per patient per year. Hence, we set ¢ = $1,500.

Appendix C: Extension — Reference Pricing with Variable Payment
C.1. Equilibrium analysis

In the reference pricing system with variable cost share (RV) payment system, a reference price p* is set for
the procedure. Providers select their prices.which determines whether they are “value-based” or “non-value-
based”. Finally, patients select a provider. All patients pay a variable payment for the portion of the payment
below the reference price level and, if they choose a non-value-based provider, they also pay the portion
of the price above the reference price. The patient out-of-pocket is thus o; = Amin{p;,p*} + (p; —p*)* =
Ap; + (1= X)(p; —p*)T for j =1,2. Similar to the variable payment analysis, as a preliminary, we formalize
a condition that guarantees the existence of a pure Nash equilibrium. In the following assumption, the
notations are similar to those defined immediately preceding Assumption

Assumption 5. gfv <50% for j=1,2.

The following result explains how a given set of value-based and non-value-based providers jointly deter-
mine their prices at the Nash equilibrium.
Theorem 5. Consider as given the set of non-value-based providers, N'. At equilibrium, the provider prices

are the unique solution of the system of equations:

Loalp—(1-SP(P)=0  VjeN
L—=Ap; — ) (1 =S (p;,p-;)) =0 Vji¢N (11)
p; =min{p;,p*} VigN

We notice that value-based providers may price below the reference under RV, in contrast with reference

pricing. Hence, RV helps mitigate shadow pricing.

The ensuing result helps determine the set of non-value-based providers.
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Proposition 11. If provider 1 is non-value-based, then provider 2 is non-value-based.

Proposition [L1] confirms the notion that providers with better non-price attributes may choose to be non-
value-based, just like under reference pricing. As a result, we can use an algorithm similar to Algorithm

to identify the set of non-value-based providers as well as the prices in equilibrium.

Finding analytically the optimal reference price under RV is not tractable. We studied numerically the
effect of varying the reference price on the insurer’s objective (results omitted due to space constraints, but

available upon request).

C.2. Comparison of variable payment and RV

We now obtain some properties of the equilibrium under RV in the case of two providers.
Lemma 5. As the reference price increases, the number of non-value-based providers decreases or remains

constant under RV.

Increasing the reference price motivates providers to become value-based as they can achieve improving
margins and attract a higher market share.
Proposition 12. Suppose that the insurer selects the parameters of the payment model such that there is
at least one value-based provider in the system under RV. (i) If one provider is value-based and the other
is non-value-based under RV, there exists \j € (0,1] such that provider j prices higher under the variable
payment system iff A < X; for j=1,2. (i) If both providers are value-based under RV, they price higher than

or the same as under the variable payment system.

Prices tend to be higher under RV than under the variable payment if A is high. The cost share has a
more significant impact on patient out-of-pocket under the variable payment system as it is implemented on
the total price of a procedure, which forces providers to limit prices.

Proposition 13. The patient’s out-of-pocket comparison between the variable payment system and RV is the
same as the price comparison as stated in Proposition . Moreover, if ofv < O;»/P for 7=1,2, the expected
patient population utility is higher under RV than under a variable payment system at equilibrium iff the
outside option is weak (i.e., ug smaller than a threshold iy >0). If ofV > oY" for j=1,2, the expected
patient population utility is higher under RV than under a variable payment system at equilibrium iff the

outside option is strong.

When the outside option is strong, the patient benefit is aligned with the out-of-pocket. Since more patients
choose not to seek treatment and take advantage of the outside option, the total patient utility improves.
When the outside option is weaker, patients benefit more under variable payment than RV when they incur
higher out-of-pocket under RV.

Proposition 14. Suppose there is at least one value-based provider in the insurer’s network under RV. If
(i) one provider is value-based and the other is non-value-based, or (ii) both providers are value-based (either
both pricing at p* or one prices at p* and the other prices below p*) and the outside option is strong, then
there exists 5\]- € (0,1] such that provider j gains higher utility under the variable payment system than under
RV iff A< 5\]-. If both providers are value-based and price below p*, the providers’ utilities are the same under

RV and the variable payment system.
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Provider utilities tend to be higher under RV than under the variable payment if A is high because prices
are higher under RV then and the effect of market share is less strong. If both providers are value-based and

price below p*, the variable payment system is equivalent to RV.

Appendix D: Proofs

Proof of Proposition (1, Under a fixed payment, when visiting provider j, the patient out-of-pocket o, = f
is independent of p;. Therefore, each provider’s market share is also independent of p;. It follows that the
provider profit is monotonically increasing in p;, hence the optimal price is p; =p;. O
Proof of Theorem [1} |[Aksoy-Pierson et al.| (2013, Lemma 4.1) show that under Assumption [1} in the VP
payment system, for A € (0,1], the best response price of provider j € N to any competing provider prices
does not exceed ]3;”3 . Where N is the set of all providers. Therefore providers only become worse off if they

price above f);./P . This property constructs a closed action set for providers’ prices.

We have 8:3;}3 =—\ySYFP(P)(1—SY"(P)) and therefore, BZ;:P =mSYP(P) (1 —~A(p; —c)(1 - Sy T (P))),
and
82‘/_7‘/13 VP VP VP
e —myAS] " (P)(1 =S/ (P)) (2+7A(p; — )(28]7(P) - 1)),
Where

[2 - ’)’>\(p] — C)](euo + Zk;ﬁj eak*’YAPk) + [2 + ,y)\(pj o C)]ea].,,},)\pj
evo 4y ek IAPK
and the denominator is positive. The partial derivative with respect to p; of the numerator is —yA(e* +

D ey €)Y — YA(L 4 yA(p; — ¢))e® %5 < 0. Therefore, 2+ yA(p; — ¢)(25)"(P) — 1) can change sign

2y, VP

)

2+9A(p; — ) (28] (P) - 1) =

at most once, from positive to negative, as p; increases. Hence, can only change sign at most once,

J
Bp?
from negative to positive, as p; gets larger. Moreover, lim VjVP (P) — 0 as a result of a disappearing market

Pj—r00
share. Thus, the provider utility is quasi-concave in p,; and provider j finds its optimal price (assuming all

other prices are fixed) by solving for the first order condition

1= 3A(p, — )1 = Y7 (P)) =0. (12)
The Debreu-Fan-Glicksberg theorem states that, if for all players (providers) the set of actions is a non-
empty, convex, and compact set, and the utility of players is a continuous function which is quasi-concave
on the action set, then there exists a Nash Equilibrium for the game (Debreu||[1952, [Fan||1952, |Glicksberg
1952). Therefore, there exists a Nash equilibrium.

a2vyvr a2vyvr
J

Based on [Vives| (1999), to show uniqueness we show that ‘ 5] > ; apjjapi , Vj €N, where
ik
82V~VP
| =Sy P Y7 P24, — 2] (P) - D).
J
and
82v_VP
> |G| = omAS (RIS T (PIL 9N p; - )28} 7 (P) - 1)
i#j T i#j
1EN iEN
=mySY " (P)[1+yA(p; — ) (28} " (P) = 1)) _SY"(P)

i#j
<my Sy (P)[L+9A(p; — ¢)(2877(P) = D|(1 = S77(P)),
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where the last inequality follows from observing that SY”(P)+ >2.5)"(P) < 1. Thus, to prove uniqueness,
i#]
it remains to show that

2+ 7A(p; — ) (257 (P) = 1)| > [1+7A(p; — ) (257 7(P) — 1)

which holds as long as 14+ yA(p; —¢)(25}”(P) —1) > —1/2. We can show that

1
vp _ _
14+9A(p; —c)(25; 7 (P) = 1) =7Alp; —¢) — 1 = 1577 (P) 1>0.
Observing that ) .Sy7(P) <187 (P), the uniqueness of the Nash equilibrium follows. Hence, the unique
i
i1EN
Nash equilibrium is the solution to the system of FOC equations. |

Proof of Proposition |2l We can show that S JRP (P) is continuous in p,. Its partial derivative with respect

to p; is continuous everywhere except at p*, and we have

oSfP _ 0 if p; <p* (13)
Op; —y(1— SEF(P))SEP(P) if p; > p*.
Using 7 we have
RP RP RP ; .
ag;j =mS(P) +mip; —<) 6§;j B Zi;Pgii[j—O’y(]y o)1= S (P))] i i]: iz* S
j J J j
Hence, provider j’s utility is monotonically increasing in p; over the domain p; < p*. ]
Proof of Theorem (2l Using , we obtain that for p; > p*,
Ve Rp Rp Rp
e —mySF(P)[1 = SF(P)] [2+(p; — ) (2877 (P) = 1)] . (15)

Following the same steps illustrated in the proof of Theorem [I| we have

e%i —y(pj—p*+&) _ evo — Zk;ﬁ ) eakf’y(pkfp*—Q—E)'*'
J

2+9(p; —)(2577(P) = 1) =2+7(p; —0) T STk
k=1

_R2=ylp—olle+>, et 1P T 4 (9 4 y(p; — ¢)]en Vs D)
N evo + ZZ:l ear—7(pr—p*+&)* ’

The denominator of the expression above is positive. The partial derivative with respect to p; of the numerator
is

—y(e" + Z ek =7 (2K —p*+5)+) — (1 +(p; —¢))et —1 PP +3) <,

k#j
Therefore, 2+~(p; —¢)(25*7 (P) —1) can change sign at most once, from positive to negative, as p; increases.
2y, RP
Hence, 2 avpjz can change sign at most once, from negative to positive, as p; gets larger. Moreover, as p;
J

approaches infinity, the provider utility VjRp approaches zero as a result of a disappearing market share.
Hence, the provider profit V;RP is quasi-concave in p; on the domain p; > p*. In particular, a non-value-based
provider j finds its optimal price (assuming all other prices are fixed) by solving for the first order condition:

1—5(p; — ) (1= S7(P)) =0, (16)

under Assumption [2] and based on |Aksoy-Pierson et al.| (2013, Lemma 4.1). The Debreu-Fan-Glicksberg

theorem states that, if for all players (providers) the set of actions is a non-empty, convex, and compact
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(under Assumption [2[ and based on |Aksoy-Pierson et al.| (2013, Lemma 4.1)) set, and the utility of players
is a continuous function which is quasi-concave on the action set, then there exists a Nash Equilibrium for

the game (Debreul[1952, |[Fan|1952) |Glicksberg|[1952). Therefore, there exists a Nash equilibrium.

Based on |Vives| (1999), to show uniqueness we show that

82V-RP 82VRP
> I VjEN,
‘ op3 ; 9p;Op:
ieN

where, if p; > p*, from

82v_RP
’ g | =S (P = SFEPNI2+(ps =€) (2577 (P) ).
J
Moreover, using ([4) and (I3), we obtain that for i # j, i,j € N,
02V,
S || = o maSIT(P)SE (P12 (p — ) (2SI (P) - 1).

Observing that

D SEP(P)<1-SFP(P),
%

the uniqueness of the Nash equilibrium thus follows. Hence, the unique Nash equilibrium is the solution to

the system of FOC equations. O

Proof of Proposition [3} We start by showing a technical lemma.
Lemma 6. Provider j is value-based if and only if 1 —~(p* —c)(1 = SF" (p; =p*, P_;)) <0.

From the proof of Proposition [2| we know that a provider’s utility is monotonically increasing to the left
of p*, with a slope discontinuity at p*. Moreover, it follows from the proof of Theorem [2| that using ,
we observe that for p; > p*, the sign of 9V,*” /dp; is given by the sign of (P)=1—~(p; —c)(1 =S/ (P)).
Taking the derivative of this expression with respect to p; (on the domain when p; > p*), using , we find

o a8

Ip; Op;
=—v(1=87(P)) =7*(p; — )1 = S;*(P)IS;" (P)
=—7(1 =S (P)[L+7(p; — )57 (P)]

<0

—y(1=S87(P)) +~(p; — ¢

9

where the last inequality follows from the fact that provider j must price above its cost to make a profit.

Thus % is monotonically decreasing in p;. Hence it takes the value 0 at most once, and if it does, it goes
F) RP

from being positive to being negative on the domain p; > p*. As a result, 2’9/; also takes the value 0 at
J

most once, and if it does, it goes from being positive to being negative on the domain p; > p*. furthermore,
it is easy to observe that lim, . V,*”(P) =0, and thus V" is not monotonically increasing in p; on
the domain p; > p*. VjRP is a unimodal function of p;: it increases in p; on the domain p; < p*, and it is
either monotonically decreasing on the domain p; > p* (when its derivative at (p*)* is non-positive) or it

is increasing and then decreasing on the domain p; > p* (when its derivative at (p*)* is positive), with a
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derivative equal to zero at exactly one point p; > p*. Either provider j maximizes its profit by selecting
p; =p* (ie., it is value-based); or provider j maximizes its profit by selecting p; > p* (i.e., it is non-value-

RP
based). Since o =mSH (p; =p*, P_;) [1=v(p* —¢) (1= SEP(p; = p*, P_;))], the result follows.

op; pj=(p*)*
(]

We now prove the result of the Proposition. Assume that provider j is non-value-based. We want
to show that any provider ranked k£ > j is also non-value-based. By induction, it suffices to show that
provider j + 1 is non-value-based. We proceed by contradiction: suppose that provider j 4+ 1 is value-
based, that is, p;41 = p*. Since provider j + 1 is value-based, we have 1 — ~y(p* — ¢)(1 — SFF (pjp1 =

. . U043y iia eak—v(Pp—p*+a)T
pPo) =1—=7(" -0

eU04e® It 43T, iy ear—v(pr—p*+a)T *
. o (ph—p*48)T (e —p* 43 .
e Y, e YT _y(pr — ) (6“0 D gy €T PETPTED) ) . We obtain

This expression has the same sign as § = e“0 +

0> e f ettt 4 Z ek PP T _ () (e“O + Z eak'V(ka*+5)+> )
ki +1 k#j+1

Provider j is non-value-based, so p; > p* and thus

§> el 1 e+l | E eak_’Y(Pk_P*+5)+ _ ’Y(pj _ C) <euo + E eak—“/(Pk—p*+5)+> .
k#j+1 k#j+1
e’u0+zkeakfw(11k*p*+&)+ _

e“0+37, 45 cak—v(pp—p*+)T T

Provider j selects its price p; such that 1 —~(p; —¢)(1 — S7*”(P)) = 0, that is,
v(p; — ¢). Therefore,

2+
~ evo . eak_'Y(pk_P +¢) ~
§>em ettt g Y e AT 2k S (e D e AT
evo + Z eak—7(pk —p*+e)t
k#j+1 k#j k

_ N
5u0+2k¢j+15% Y(pr—p"+2)

Note that the ratio in the expression above can be written as T
eu0+zk¢j ek — V(P —pP*+8)

aj—v(pj—p*+&)T - —p*+a)t
e’ ! e O+ Ty et T PETPTHO)

T NIy ST e < 1, which follows from a; —y(p; —p*)* < a; < a;11. Therefore,
we have § > e¥0 + e%i+1 + Zk;éj_i_l ek —v(Pr—p"+OF _ quo _ S e =7Pe=p"+3" = (. Hence, 1 — y(p* —e)(1—
Sﬁﬂ (pj4+1 =p*,P_;)) > 0, which contradicts Lemma |§| given that provider j + 1 is value-based. Therefore,
provider j + 1 is non-value-based. O
Proof of Lemma [1} We denote the two providers as providers 1 and 2 such that a; < as (without loss of
generality). The proof proceeds in 3 steps. First, we determine how changes in p* affect provider 1 when 2
is value-based. Second, we determine how changes in p* affect provider 1 when 2 is non-value-based. Third,

we determine how changes in p* affect provider 2.

If provider 2 is value-based, based on Proposition [3] provider 1 can only be value-based since a; < as. In

this interval both providers remain value-based as the reference price increases.

Second, consider the case when 2 is non-value-based. Using Lemmal6] provider 1 chooses to be value-based
iff e177¢ — (y(p* —¢) — 1) (6“0 +ea2’7(P§P(p*)*”*+a>) < 0. Since we can show that dp&¥ (p*)/0p* > 0, the
left-hand side of this inequality is monotonically decreasing in p*, and hence, it can change sign at most once,
from positive to negative, as p* increases, while provider 2 remains non-value-based. Since a; < ao, from
Proposition 3] provider 2 remains non-value-based at least until after provider 1 changes status to value-based

as p* increases.
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Third, if provider 1 is non-value-based, provider 2 remains non-value-based. When p* > p7,, which solves

e~ e

for p* in the equation p* = % (1 + ) +c for 7 =1,2, provider 1 becomes value-based.

evo4ei—i—V(P—j—P)T+3)
Then from Lemma [6] provider 2 is value-based iff 1 —y(p* — ¢)(1 — SEP(p2,p1)) <0 or iff p* > p},. For the
same reason as above, provider 2 can only change status from non-value-based to value-based as p* increases.

O

Proof of Proposition From Lemma [I| as the reference price increases non-value-based providers
have incentives to become value-based. We focus on the case where at least one value-based provider is
present. Since the providers are ordered so that a; < as, from Proposition [3| provider 1 is value-based and
as p* increases provider 2 has incentives to become value-based. Provider 1 is value-based and provider 2 is
non-value-based when pj; <p* < ps,, while both providers are value-based when p* > p3,.

When the insurer is greedy w; = ws =0, then it only considers its own cost which is increasing in p*. Thus
the optimal p*, is pj;.

Taking the derivative of insurer objective @ with respect to p*, we can show that when both providers are

OIIRP
ap* S

o2 P . .. .
0, since 2 =0 for j =1,2. On this interval the optimal reference

value-based (i.e., for p* > pi,) 5

price is p3,.
When provider 1 is value-based and provider 2 is non-value-based (i.e., for pi; < p* < p3,), with a public

non profit insurer (w; = % and wy = 1), there are two scenarios to consider.

1. If (uo —az + £)e® — (az —ap)e™ <0: 81;:*}3 > 0. Thus the optimal p* (p*), is pi,.

2. If (uo — az + £ )e® — (az —ay)e™ > 0: 8g[;P < 0. Thus the optimal p* is p};. The overall optimal reference

price then is p* = Argmaz {II%F (p* =p3,), 117 (p* =pj,)}.
o

For general w; and ws, the optimal reference price is only tractable when yw; <ws, and piy < wi(ag —v¢—
ug). In which case, we can show that the insurer objective function can only change sign from positive to
negative resulting in an optimal solution either on boundaries or an intermediate point in (p3,,p5,). This

intermediate point is the solution to the first order condition as stated in Proposition [ O

Proof of Lemma (a) Taking the derivative of provider 2’s FOC with respect to A and using and
(12) we have — (pgp + )\%) +c(1-SyP(P))+ (pYP + )\BZ)};P) SYT(R)STTP) _ Similarly, the derivative

1-sYF(P)

with respect to A of provider 1’s FOC can be calculated and replaced in the previous expression. Since

py T > ¢, after simplifications, it follows that dpy ¥ /0N <O0.

(b) Suppose that provider 2 is value-based. Then, by Proposition provider 2 prices at p*, and so the price
is continuously increasing in p* while the provider remains value-based (based on Lemma . Now suppose
that provider 2 is non-value-based. If provider 1 is value-based, we established in the proof of Lemma [1| that
in this case dpZ*¥ /Op* > 0. We thus now focus on the case when provider 1 is also non-value-based. Taking the
derivative of provider 2’s FOC and its market share with respect to p*, and using vy(p, —c¢) =1/(1 — SEF(P))

E) RP
S5 (P (1-557 ()17 (1) (St 1

RP
at equilibrium, it follows that Bg;* = TSI (P)

. Hence, 0p5*¥/0p* > 0. Finally,
from the proof of Lemma [T} the price of a provider remains continuous as the provider transitions from

non-value-based to value-based. O
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Proof of Lemma |3} (a) Under VP, the patient out-of-pocket from visiting provider 2 is oy ¥ = Apy. Using
the proof of Lemma [2| we can show that 8082‘;13 >0.

(b) Under RP, the patient out-of-pocket from visiting a value-based provider is ¢. The patient out-of-pocket
from visiting non-value-based provider 2 is off = p, — p* + ¢. If provider 1 is value-based, it is easy to see

o) doft¥ 9oRP
that 522 <1, and thus =% 2 < (.
P op op

<0. If provider 1 is non-value-based, we can show that

Proof of Proposition Lemma b) establishes that the provider prices under VP are decreasing in

. The prices under RP are indifferent to A. Moreover, as A approaches zero, p¥'”

;* must become infinitely

large so the FOC has a solution. Hence, it suffices to show that, as A approaches 1, each of the provider
prices under VP, approaches a value lower than its RP counterparts. We examine three cases, depending on

whether providers 1 and/or 2 are value-based or not.

Case 1: providers 1 and 2 are value-based. Then pf¥ = p&” = p*. Using the expression for value-based
providers in Lemmal[6] assuming ¢ < ¢ and assuming without loss of generality that py ™ > pY?, v(py " —¢) =
et e® —’ypvp e® 7~/pvp e ed1—VE 4 gag—7¢ « "

T < e <7(p7 =), It follows that y(py” —¢) < ¥(py" —¢) <y(p" —¢),

and thus p}¥ <pyf <p*.

Case 2: providers 1 and 2 are non-value-based. First, suppose that py¥ < pff is already
established. Let p = pf*¥ be the equilibrium price under RP solving the FOC equation e ~7(P=»"+&) _
(v(p—c)—1) (e“o —l—ea?‘”("?};‘p**a) = 0. We can show that the left hand side above is decreasing in p.

VP

Therefore, to show that p}* < pf¥ it suffices to show that this left-hand-side evaluated at p = p}'” is pos-

itive. This result follows by using providers 1’s expression for price at equilibrium under VP and under
the assumption that py ¥ < pf* and knowing that ¢ < p*. To complete the proof, it remains to show that
py ¥ < ph¥. We first show a preliminary lemma.

Lemma 7. Let g(ps) = e*2772 — (y(pa —c)—1) (e““’”(p*’g)—l—e“l’wﬁp(m)) and f(p2) = e®2~ P2 —
(v(p2—c)—1) (e““ +e“1‘"’p¥P(”2)> , where pitf (py) is provider 1’s best response price to provider 2’s price
p2 under RP and py* (ps) is provider 1’s best response price to provider 2’s price ps under VP. Then f(.)
and g(.) are decreasing at py solving for f(p2) =0 and g(p2) =0 respectively and for ps > c+1/~. Moreover,
we have g(p2) > f(p2) Vp2 >c+1/7.

Proof of Lemma [7} If provider i is value-based, its price is p* and the monotonicity result is

clear. We thus focus on the case when provider ¢ is non-value-based. We have ¢'(py) = —vye®2~ 772 —
~ (euO*’Y(P**E) + eaﬁw{“’(m)) +(y(p2—c)—1) 7%6a1wpfp(pz). We can show that 855: > 0 using the FOC

@2 —YP2

equation for provider 1. Moreover, when g(ps) =0, y(pa —¢) — 1= resulting in a

euo*v(p**é)_;,_e“l*'w{ap(pg)
unique solution for py. Hence ¢'(p2)
that 22"
Op2
9(p2) — f(p2) = 0. That is, that p{' (p2) > p" (p2).

We now return to the proof of Proposition From Lemma |7, g(p¥*) > f(p¥*) = 0. Because g(.) is

lps=g—1(0) < 0. Similarly, we calculate the expression for f’(p;) and show

> 0. Thus, f(.) is decreasing at p, that solves f(p2) =0. With some algebra we can show that

decreasing at the unique value of price that sets g(.) to zero, py¥ < pi¥.

Case 3: provider 2 is non-value-based, provider 1 is value-based. Since 1 is value-based, from

Lemma @ we have €177 + (1 —~(p* —¢)) (e“o +e“2*7(P§P(p*)*p*+5)) < 0. If p* is also chosen under the
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variable payment for provider 1, p&¥(p*) > py ¥ (p*) and f(p; = p*) < g(p1 = p*) <0. Since f(p; =p*) <0
and f(.) is decreasing at the price that sets f(.) to zero, we can conclude p¥'” which makes f(p}”) =0 is

such that p}* < p*. O

Proof of Proposition [6] Under the reference pricing scheme, if the provider is value-based, the patient
out-of-pocket is ¢ and assuming ¢ < Ac, is always less than that of the variable payment regardless of the
value of A. Let’s suppose that provider 2 is non-value-based. We first consider the case when provider 1 is
also non-value-based. Let §(02) = e*277°2 — (y(0a +p* —¢—c) — 1) (e“o + eal*wfp("?)) and f(0y) = €272 —
(v(o2 — Ac) — 1) (6“0 + eal‘WOYP(°2)) , where oftf (0g) = pI*f (05 + p* — ¢) — p* + ¢ and oY (02) = ApY T (02/ ).
Observe that §(os) = e?® =D g(0y + p* — &) and f(0,) is similar to f(op/A) after modifying f(.) with a
co-insurance rate A not necessarily equal to 1. By Lemma |7} g(.) and f() are decreasing at the value of
out-of-pocket that sets these functions equal to zero for 0y > c¢+1/y—p*+¢ and 0y > A(c+1/7), respectively.
Following the same steps as Proposition [5| we can show that Because f (.) is decreasing at the unique value
of out-of-pocket that sets it equal to zero, and assuming that ¢ < Ac, oF” < oY ”. When provider 1 is value-
based, o (05) = ¢. Then, g(.) is decreasing at the value of out-of-pocket that sets it equal to zero and we

have 0¥ (03) = ¢ < 0} ¥ (02). The rest of the proof for the case with 1 non-value-based is valid.

We now focus on the expected patient population utility, E[U] = m(zjzl’Q(ajf'yoj)SijuoSo)

(we omit the dependence on price vector P and we denote u; = a; — yo; for clarity of exposition).

Since off” < oY, we have ul¥ > uY”. Thus, Sg¥ > S§”. Using these inequalities and with some

algebra we mnext show that > ._, ,uf"Si* > 7. | u/PSYP. Therefore, E[U"] > E[UY"] & uo <

S jm10(a; =10 P)SEP —5. (a0} P)s¥ P o
R et where the above threshold on u is positive. |
0 0

Proof of Lemma (a) Using Theorem under VP, the provider profit is VY* = m(p)* —
¢) (1 — m) . Taking the derivative of this expression with respect to A and with some algebra we can
3

show that VY*”/0\ <0.

Eajfw(pfpfp*JrE)Jr

for j =

(b) Under RP, the provider profi is V" (P) =m(p}!” — ) — it 2 0

1,2. If both providers are value-based, provider profit is increasing in p*.

If provider 1 is value-based and provider 2 is non-value-based, then observing that, from the proof of

Lemma [1} pf¥ increasing in p*, p&¥ — p* is decreasing in p*, it follows that V¥ (P) is increasing in p*.

If both providers are non-value-based, from Lemma |2} p&” is increasing in p* and SFF(P) is increasing in

p* as well. Therefore, the provider profit is increasing in p*.

Proof of Proposition [7} As shown in the proof of Proposition [f] as A approaches zero, the price under
VP becomes arbitrarily large. Notice that as A approaches zero, SY*" remains within [0, 1], so Ap}'” remains
bounded and S JV P does not approach zero for j = 1,2. Therefore, for a small enough value of A, the provider
profit under VP exceeds that under RP (V*” < V}V'"). Lemma (b) shows that the provider profit under
VP decreases in A (under RP, the provider profit is independent of A). Hence, it suffices to show that, as
A approaches 1, the provider profit under VP at equilibrium is lower than that under RP. As A approaches
1, the provider profit under VP approaches m(p;/P —c¢—1/v). When provider j is non-value-based, from
Theorem (2} and Proposition [5] pi** > p¥” when X approaches 1. Therefore, V¥ > VV'P. O
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Proof of Proposition The insurer’s expected cost under the variable payment is WV¥ = m(1 —
A) D mi  P1 TS T (P). We then have,

1owvr YAy T —c)—1 o up (I=Np/" (opl” 1 1
> -2 ) L Tl

oA (Y7 —c) A
which can be shown to be decreasing in A\. As A approaches 1, the insurer share of the cost approaches zero,

moon 2| e o

and thus becomes lower than the insurer payment under RP. As X approaches zero, S}” =1—1/(vA(py " —¢))
remains within [0, 1], so Ap) ¥ remains bounded. Therefore, the insurer cost, becomes arbitrarily large. Hence,
for a small enough co-insurance rate A, the insurer cost under VP is larger than that under RP. Thus follows,

with the value of the co-insurance rate yielding equal insurer costs under the two payment models. O

Proof of Theorem (3| After straightforward calculations, we obtain
0%V, 0%V,
op?

op7
For p, fixed, we find the best response p;(pz) using the FOC. For p; € [c,po]: if pp < ¢+ (€0 + 177 +

e®277¢) /(ye®2~7¢), then pj = py; else, pj < ps is the unique solution to the equation
evo 4 e1—7E — (,7<p1 _ C) _ 1)ea2—7(1?2—p1+5)_ (17)

For p; € (pa2,00), similar to the proof of Theorem [2| V; is quasi-concave and tends to zero as p; becomes
large. Hence, if py > ¢+ (%0 + e®177¢ 4 22778 /(v(e*0 + e2277¢)), then p} = py; else, p} > py is the unique
solution to the equation

(e + 6”2’75)(7(]31 —c)—1)= en —v(P1—p2+e) (18)

Finally, since ¢+ ("0 + €1 77¢ 4+ €9277¢) /(€2 77¢) > c 4 (€0 + 177 4 2277¢) /(y(e0 4 e2277¢)),
o if po < (€0 + e ¢ 4 e2277¢) /(y(e"0 + e2277%)), then p; =p (> p2) where p solves (18));
o if ¢+ (€U0 + e 77 4 a2778) /(y(e¥0 4 e22778)) < py < ¢+ (e¥0 4 31778 4 e2277¢) /(ye®2 7€) then pi = po;
o else (e, if po > c+ (€0 4 e 77¢ + e2277¢) /(ye2779)), then p; = p (< po) where p solves (17).

p3(p1) is obtained similarly by symmetry. Since the Nash equilibrium is the intersection of the best responses,
we find that when ¢+ (e“0 + 177 + 2277¢) /(y(e"0 + €1 77¢)) < ¢+ (0 4 €M1 77¢ 4 2277¢) /(ye?277¢) | the
Nash equilibrium is p; = py. Otherwise, the unique Nash equilibrium is p; = p(p2), p2 = p(p1). O
Proof of Proposition |§|. In case (i), the endogenous price equilibrium p; = p, is above pi, (> p*). Moreover,
V(5 —¢) = 1 <(p5, — ¢) — 1. Hence, we have pi*® = p* < p§* < p3, < p{*®® = p§*i®. In case (ii), p* > p,
implies that p* is above the lower end of the interval of possible Nash equilibria under endogenous RP.
Hence, if p* is above the upper limit of the interval, all endogenous equilibria lie below the exogenous
equilibrium. Otherwise, the endogenous price may be either below or above the exogenous price. In case

endo __endo | 5 exo_ % =
ea2— (P35 -p{ +¢) a2 =Y (P5*C—p* +8) endo

(iii), we have y(p§"d° —¢) — 1 = T T , Y5 —¢) = 1= 5 ar—=— Hence, pg* > p5nee iff

endo endo endo

psxe — p* < pside — pende Tn case (iv), the endogenous prices satisfy pShde < p§
e@2—v(P2—p1)
e%0 421 —7¢

d —
and y(p5"i® —¢) — 1=
ea2—E
eU0 fedl—7¢e

< =7(p3y — ¢) — 1, hence, p§™d° < p§nd° < pi,. Since, pj, < p*, the result follows. [

Proof of Proposition The result follows immediately from comparing expressions of the insurer’s

objective pairwise. |

=-—mvS;5;(2+ (1 —2S;)(p; — ¢)) (<0 under Assumption [3)); L =—myS;(1—5;)(2—~(1-25;)(p; —¢)).
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Proof of Theorem [4l. a) We can show that

vy [ m (CSE(P) +(1-Q)SE(P)) >0 it p, <p’
Op; | mCSHP)L =2 (p; — ) (1 = SE(PY)] +m(1— OSH(P)[L =7 (p; — ) (1= ST(P))] i py >p
(19)

Hence, provider j’s utility is monotonically increasing in p; over the domain p; <p*.

b) Following the same steps as those illustrated in the proof of Theorem [2| we can show that a unique
Nash equilibrium exits where a non-value-based provider j finds its optimal price by solving the first order

condition:

¢S7(P) (1=7c(p; — o)1= S (P))) + (1 =) S (P) (1 = vu(p; —c)(1 = §}(P))) =0 (20)
O

Proofs of the results in Appendices[C_1] and[C-3 are similar to the proofs of the analogous results in Sections

[£-3 and[3 Detailed derivations are available upon request.
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