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Abstract

We determine the optimal health policy mix when the average utility of patients increases
with the supply of drugs available in a therapeutic class. Health risk coverage rely on two
instruments, copayment and reference pricing, that affect the supported risk composed by
health expenses and diversity of treatment. For a fixed supply of drugs, the reference pricing
policy aims at minimizing expenses in which case, the equilibrium price of drugs is
independent of the copayment rate. However, with endogenous supply of drugs, diversity of
treatment may substitute for insurance so that the reference pricing may depart from maximal
cost-containment to promote entry. We then analyse the determinants of the optimal policy.
While an increase in risk aversion or in the side effect loss increases diversity and decreases
the copayment rate, an increase in entry cost both decreases diversity and the copayment rate.
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1 Introduction

Pharmaceutical expenditures have dramatically increased in most developed countries
during the two last decades. Between 2000 to 2009, the annual growth rate of real
pharmaceutical per capita spending has been 3.5% on average in OECD’s countries.
Pharmaceutical expenditures represent on average 1.5% of the GDP in OCDE’s coun-
tries in 2010 (see OECD, 2011). This trend is mainly due to an explosion of expenditure
in Ré&D and its risen cost (see Pammolli and Riccaboni, 2004). Increased expenditures
raise serious concerns for both public and private health systems. As a result, regu-
lators rely on various mechanisms to contain costs such as copayments, price control,
rationing or dereferencing of some treatments. One controversial issue has long been
whether costly incremental innovation leading to "me-too" or "follow-on" drugs (as op-
posed to major innovation leading to breakthrough products) has some value for the
society as a whole. As argued by Wertheimer et al. (2001), me-too drugs have several
advantages among which “differing dose delivery systems and dosage forms that enable
extended uses with a variety of patient population; availability of choice when patient
response to and tolerance of a particular agent is subject to great variation; the ability
to tailor therapy to the needs and preferences of patients (pp 78)”. In line with these
comments, Di Masi and Paquette (2004) show that, among 72 therapeutic classes, one
third of "me-too" drugs received a priority rating from the US FDA. Moreover, 57%
of these classes include a "me-too" drug that received such a priority rating. As such,
diversity of treatment itself has an insurance role in that it increases the probability
that a patient finds the best (or the least worst-off) treatment.

Faced to budgetary concerns, the key question that a health system faces is thus
not only how much financial insurance to provide but also what level of diversity of
treatments to offer. Our goal is to analyze this issue in a context where health services
are supplied in an imperfect competitive market, as it is the case for drugs’ markets.
In order to address the issue of the diversity of treatments offered to policyholders, we
focus on two policy instruments that are used to maximize individuals’ expected utility.

The first one is a standard linear copayment rate while the second one is a therapeutic



reference pricing regulation - an instrument that has been adopted by several countries
over the last years, including Germany, The Netherlands, Canada or Australia.

While modalities vary,' internal or therapeutic reference pricing (as opposed to
external reference pricing) consists in determining a reference price as a weighted sum
of drugs’ prices adopted in the same therapeutic class. If the price of a drug is higher
than this reference price, patients pay the full difference between the price of the drug
and the reference price along with the insurance copayment on the reference price. This
regulatory scheme is thus often perceived as a complement to copayment rates in order to
encourage patients in consuming low price drugs. In a static view, where no innovation
or drugs entries are taken into account, reference pricing mechanically generates a fall
in drugs’ reimbursements and prices. However, in the long run, where innovation by
pharmaceutical firms is driven by the prospect of future profits, the welfare impact of
such a regulation is far from being obvious.

We build a model where there are several pharmaceutical firms selling horizontally
differentiated drugs that belong to the same therapeutic class. All the patients value
differently the drugs because of their different side effects.? Risk averse consumers
benefit from an insurance plan consisting in a premium and a linear copayment rate
subject to internal reference pricing. In line with the German’s modality, we consider
a reference price that is defined as a linear combination of extreme value prices in the
market. By choosing the weight attached to the lowest price in the reference pricing
formula, the regulator modulates the competitive pressure on the equilibrium price of
drugs and thus on total health expenses.? Our results show that in the short run, the
copayment rate is chosen independently of the reference price and the reference pricing
scheme aims at minimizing the price of drugs. Indeed, as long as the number of drugs
in the therapeutic class is fixed, the health insurer is only willing to lower drugs prices

since he cannot improve the drugs’ diversity. However, in the long run, there may

!See Lopez-Casanovas and Puig-Junoy (2000), Danzon (2001) and Danzon and Ketcham (2004) for
more details on reference pricing and its applications.

%Side effects accomodate adverse drug reactions, drug-drug interactions, dosing schedules as well as
delivery systems.

3While the details of the policy depend on the formulation, our key results apply more generally
provided that the policy mix allows to control entry prices as well as copayments.



be room for a more lenient reference pricing policy accommodating some increase in
health expenses in order to improve the diversity of treatments. The desirable level of
the reference price is the result of a trade-off between a diversity effect - a new drug
decreases average side effects - and the cost generated by drugs’ entries. We particularly
emphasize the role of policyholders’ risk aversion by showing that the higher is the level
of risk aversion, the more likely the regulator chooses a more lenient reference pricing
policy. While an increase in risk aversion leads to a lower copayment rate and a higher
diversity of treatments, an increase in innovation costs implies a lower copayment and
a lower diversity of treatments.

While mainly normative, our article borrows from the positive literature dealing
with drugs’ price regulation. We are close to Brekke et al. (2007) who develop a general
set up containing horizontal and vertical differentiations in drugs’ market. They con-
sider two reference pricing modalities, namely internal and external reference pricing as
well as price cap regulation, both regulatory schemes being associated to an exogenous
copayment rate. Concerning the internal reference pricing, they consider laboratories’
best reply function and they provide comparative statics on the equilibrium allocation.
They show that an increase in the weight attached to the lowest price leads to a reduc-
tion in prices and increase the market share of the cheapest drug (the generic drug in
their context). In a model that distinguishes breakthrough and follow-on drugs, Bardey
et al. (2010) evaluate the long run impact of reference pricing on pharmaceutical in-
novation, delays of introduction, patients’ health and expenditures. They show that
reference pricing regulation allows to lower prices and therefore delays the entry of pio-
neer drugs and me-toos. Nevertheless, as me-toos are more delayed, it may favor costly
breakthroughs and may increase health expenditures in the long run.* Miraldo (2007)
compares the equilibrium allocations in an environment of horizontal and vertical dif-

ferentiations under two alternative regimes: copayment and reference pricing schemes.

*This effect is also mentioned in Pammolli and Riccaboni (2004) who explore the interplay between
technological advances and cost containment policy. They conclude that reference pricing regulation
reduces the rents coming from horizontal differentiation and favors arrivals of major breakthroughs.
This result is empirically corroborated by Kyle (2007). She explores the empirical puzzle of the phar-
maceuticals entry patterns and finds that laboratories which invest in R&D in countries that use price
control reach fewer markets with longer delays.



In contrast, our model is more narrow on the reference pricing modality as we focus
our attention on internal reference pricing but both the copayment rate and the drug’s
price regulation are optimally determined.

On the normative side, very few papers study health insurance in the context of
pharmaceutical markets. Lakadawalla and Sood (2009) show that encouraging health
insurance can be welfare improving as it lowers static deadweight loss (i.e. implies
more efficient utilization) without altering incentives for innovation. They also show in
an older paper (2006) that a competitive health insurance market can combine static
and dynamic efficiency in the drugs’ market: a premium-financed fixed fee is offered to
drugs’ monopolists which ensures second best utilization and extracts the full surplus
so that incentives for innovation are optimal. Their model however does not allow to
treat the optimal diversity of treatment since individuals can only benefit from at most
one innovation.

The next section presents the set up. Section 3 is devoted to the short-term analysis
assuming a fixed number of drugs. Section 4 characterizes the optimal regulation in
the long run, with an endogenous number of drugs. Section 5 discusses some possible

extensions. Lastly, section 6 concludes.

2 The Set Up

Consider a collection of policyholders J = (0,1) who can be ill with probability = and
healthy with probability 1 — 7. We normalize the size of the population to 1. In case of
illness, each patient chooses a drug among N (> 2) treatments, denoted by a subscript
i €I=(1,N). We refer to N as the diversity of treatment. When choosing a drug 4
in case of illness, a patient’s net income is w = w — p — p;, where w is an exogenous
income, p denotes the premium paid to the health insurer and p; is the out-of-pocket
price paid for consuming drug ¢. When healthy, the net income is wp, = w — p. In
the state of illness, treatments are horizontally differentiated: when consuming drug
i, a policyholder j € J is affected by a side effect which depends on an individual’s

stochastic variable i; € X, observed by the policyholders before consumption takes



place.? The shocks fc; are identically and independently distributed across policyholders
and drugs over Ry and follow an exponential distribution with a mean normalized to
1, i.e. with a distribution function F (x) = 1 — exp (—z). This assumption implies
that the mass of individuals with large adverse effects is always lower than the mass of
individuals with small adverse effects.5

The policyholder j’s expected utility when consuming drug i is:
U=nmu (wé —y— GSE‘;) + (1 — m)u(wp),

where y > 0 is a monetary equivalent fixed effect of illness. 6 is the differentiation
parameter so that 9502 represents the monetary equivalent loss incurred by a patient j
consuming drug ¢. Throughout the paper, we use an exponential VNM utility function

of the CARA form:”
u(w) = —exp(—ow), k=h,s,

where o represents the absolute risk aversion parameter.

At a symmetric equilibrium where p; = p for every i € (1, N), patients minimize the
loss so that the aggregate expected utility function writes:

EU =1FE [u <w3 —y—&r{g}liﬁ)} + (1 — m)u(wp), (1)
where E is the expectation operator over J @ XV,

Our model can be interpreted in two ways. Either individuals know their type j
before the risk occurrence and the aggregate utility represents a utilitarian objective or
individuals do not know their type before the risk occurrence and the aggregate utility
represents the representative individual’s expected utility.

For a CARA utility function, equation (1) yields:

EU = W%u (ws) + (1 — m)u(wp), 2)

SWe implicitly assume that the doctor perfectly observes the state of the patient and delivers the
good information on possible adverse effects of any drug to ensure the better match between each drug
with each patient.

%We study a more general formulation of side effects’ distribution in section 5.2.

"This assumption is made for analytical tractability. It allows us in particular to perform simple
comparative statics with respect to the risk aversion parameter.




where

1
n=exp(oy)>1and Q = < 1.

E {exp (00 min;ey i;) }

The parameter 17 measures the disutility that a patient incurs if he obtains the best

treatment and supports no side effect. It is referred as the severity of the pathology.
The parameter () is a measure of the average side effects of available treatments which
impacts the average utility when ill. Given that u is negative (due to the CARA
specification), the expected utility increases when @) increases. To ensure finiteness of

the expected utility for all N we suppose that the following assumption holds:®
ASSUMPTION 1 The market is such that N > 6.

When this assumption is fulfilled, one has:”

Qv =1-%. 3)

Our model thus relates the average side effects to the diversity of available drugs in the
therapeutic class. We thus refer @ (N) as the welfare index of diversity (WID hereafter).
Ceteris paribus, the higher is the number of drugs available in the therapeutic class, the
higher is the perceived utility of the health service as patients benefits from a decrease
in the average side effect. On the contrary, the negative consequences of side effects on

patients’ welfare both increase in the differentiation and in the risk aversion parameters.

3 Insurance Policy and the Short-run Equilibrium of the
Pharmaceutical Market

In this section, we first determine the market equilibrium in the therapeutic class and
then analyze the short-run insurance trade-off when diversity is given. We endogenize

the diversity of treatment in the next section.

8In the long-run analysis, the assumption constrains an endogenous variable N. However, assumption
3 below ensures that it holds in any equilibrium.
?Since # = min,e; &} is exponentially distributed with mean 1/N (density N exp (—Nz)) 1/Q (N) =

N/ooexp((cr@ —N)zx) .



3.1 Insurance and Drugs Market Equilibrium

We consider one specific therapeutic class in which pharmaceutical firms each own one
drug and compete in the market for drugs by setting prices. While prices are free,
the equilibrium is shaped by the insurance policy which is based on two instruments:
a copayment rate a € [0,1] and reference pricing.! We model reference pricing as a
rule that associates to any vector of manufacturers’ prices (Pi,...Py) a reference price
R (P, ..., Py). A patient buying drug i is thus reimbursed (1 — a) min {P;, R}, that is a
share 1 —a of his expense up to R, but obtains no reimbursement for the excess payment
above the reference price.

Several formula for the reference price can be used. We follow the German internal
reference pricing regulation by assuming that the reference price is a weighted sum of
the minimal and the maximal prices of the drugs in the market. Formally, the reference
price is given by:

R=rmf{F}+ (1 —r)max{F}, (4)

where r € [0, 1] is the policy variable, referred to as the "strength" of the drug price
regulation.!! When r = 1, there is “maximal” reference pricing. This is the most
stringent policy from the perspective of pharmaceutical firms. On the contrary, when
r = 0, there is no reference pricing. In such a case, all the treatments are reimbursed
at arate 1 —a.

In the main body of the paper, we assume that an equilibrium exists where the
market is fully covered. Roughly speaking, prices and adverse effects are supposed to
be small enough in comparison with treatments benefits so that all policyholders choose
a drug in the therapeutic class when ill.'> The case in which patients can forgo any
treatment is analyzed in section 5.1. The demand for one drug is thus the mass of
individuals who prefer this drug to any other. We then focus on symmetric equilibria

where firms set the same prices.

10 Alternative mechanisms to reference pricing could be price-cap or direct price negotiation with
producers.

"For instance, in Germany r is set to 2/3.

12This assumption is quite realistic in countries characterized by high levels of coverage, i.e. low levels
of out-of-pockets.



Consider any drug ¢ € (1, N) and suppose that the net out-of-pocket paid by patients
for all other drugs is p. Our assumptions on the utility functions (in particular, the fact
that the utility of ill patients are symmetric and quasi-linear in prices) imply that
the demand D;, when the out-of-pocket price paid for consuming drug 7 is p;, can be

expressed as follows at any symmetric equilibrium:

where D is a function independent of ¢ with 9D /0p; < 0 for any p;,p and N. At a
symmetric equilibrium, each pharmaceutical firm’s market share is D (0, N) = 7/N.!3

By definition, when all other firms charge P and firm ¢ charges P;, the out-of-pocket
price paid by patients is defined by:

pi = P, — (1 — a) min [P}, R]

so that,
pi—p=P —P—(1-a)(min[P;, R] — min [P, R]).

Using the definition of R in equation (4), this yields:
pi—p=la+(1—a)] (P —P),

where a = a + (1 — a)r measures the distortion introduced by the insurance system on
the market for drugs. We refer to « as the "pass-through rate" resulting from the joint
regulation of insurance coverage and reference pricing. This rate determines the fraction
of the price which is actually paid by individuals and is increasing (resp. decreasing)
in the copayment rate (resp. the reference pricing strength). Note that our reference
pricing specification does not generate any kink in the demand function as opposed to
Danzon (2001). This is due to the fact that we focus on symmetric equilibria in fully
covered markets. In section 5.1, which considers non-fully covered markets, such a kink

emerges.

3More formally %D(pi —p,N) is the probability that the "total loss" 0572 + p; be less than
0 min;; ié + p.



For-profit pharmaceutical firms compete in prices and have identical marginal costs

that are normalized to 0. Therefore, we have:
P; € argmax P;D (a(P; — P),N).
As the symmetric equilibrium yields D; = 7 /N, we obtain:

Proposition 1 The drug price in a symmetric equilibrium is

po e

where ¢ (N) =0/ (N — 1) is the inverse semi-elasticity of the residual demand evaluated
at p; =p (i.e. =D (0,N) /(0D (0,N)/0p;)).

Proof. See Appendix A. =

The resulting price equilibrium is identical to the one in a standard general model of
horizontal differentiation in which the differentiation parameter would be 6/«. Here, the
pass-through rate « increases in the strength of reference pricing and in the copayment
rate. In other words, increasing the insurance coverage lowers the competition intensity.
This feature of the model illustrates what Danzon (2012) refers to as “supplier moral
hazard”. FEquivalently, relaxing the strength of reference price regulation lowers the
competition intensity.

At a symmetric equilibrium, the pharmaceutical firms’ profit is then:

T (N)

The closed form solution is useful to point out in a more obvious way the different effects
at work. Ceteris paribus, the differentiation parameter 6 increases the drugs’ price and
the profit obtained by laboratories. However, the overall differentiation ¢ (N) decreases

in the diversity of available treatments in the therapeutic class.

3.2 Fixed Drugs’ Diversity

We determine here the optimal policy in the short-run, considering the market structure
as given. Since the diversity IV of available drugs in the therapeutic class is fixed, we

drop the argument N in the functions of this section.



The social objective is to maximize the policyholder’s expected utility as defined in
(2).14 Note that the optimum can be decentralized in two institutional scenarii. The
first one corresponds to a regulator who designs simultaneously the reference price and
the copayment rate. The second one is a two-stage game where the insurer (either public
or private) first chooses the copayment rate and in a second stage, the regulator fixes the
reference price. This first stage may correspond to the result of a perfect competition
on the health insurance market with a positive loading factor or to the social insurance
policy subject to a budget constraint in the presence of distortionary taxes.'®

The resource constraint imposes p = w(1—a)(1+4 A) P where X is to be interpreted as
a loading factor if the insurer is private or as a shadow cost of public fund if the insurer
is public. For a fixed diversity of treatments, the optimal policy is the solution of:

OgﬁélEU =(1—mu(w — p) +7T%u(w —p—aP)

st.p=n(1+\N(1-a)P, P= .4

a+(1—a)r
For any r < 1, a decrease in a exacerbates the extent of supplier moral hazard by
increasing the price paid by patients. Nevertheless, this problem can be dealt with by
adjusting the strength of reference pricing: for a fixed supply of drugs, reducing the price
P can only benefit consumers because the WID is fixed and the price is always above
marginal cost. As increasing the weight r in the reference price decreases the equilibrium
price, it follows that it is always optimal to choose maximal reference pricing r = 1.
The price is then at ¢, the level that would prevail without any insurance scheme. In
other words, full reference pricing allows to cancel out the supplier moral hazard effect.
Given that the price is fixed at P = ¢, the problem reduces to a standard insurance

problem. The slope of the objective function with respect to a is:

OEU , ™
5 =BV L+ 0P~

4 Laboratories’profits are not taken into account in the objective. This assumption is not a problem
as long as insurers are private. This also helps comparing our results with the ones in the following
section where profits will be nill.

15 The second scenario is equivalent to the first one as long as insurers offer health insurance contracts
before patients know their type.

u' (ws) P, (6)

10



where EU’ = (1 —m)u/(wy) + (mn/Q) v/ (ws) is the policyholders’ expected marginal
utility of income. Rearranging (6) for a solution with positive insurance coverage (a <
1) gives:

' (ws)

EU’gm(:mfa>0). (7)

The optimal policy is then characterized in the following proposition:

Proposition 2 For a fized diversity of treatments, the optimal strength of reference
pricing ws v = 1 and the copayment rate is non-decreasing in \.

IfFAX<X=m0-1)1-7)/(1—nm+mn), full insurance is optimal for all N while if
A > (1 —7) /7, no insurance is optimal. If X € (Mo, (1 —7) /7), there exists N such
that no insurance is optimal if N > N, while the optimal copayment rate is implicitly

determined by (7) if N < N.

Proof. See Appendix B. m

For A small, the increase of the premium is not sufficient to require a positive copay-
ment rate. This is due to the fact that the side effects renders the marginal utility of
income dependent of the state, and in particular larger when being sick.'® For A larger
than g, the risk when N is large is not sufficient to grant insurance. Notice that when
N is large, the price is close to zero and the average side effect is also close to zero,
but there may be some residual risk due to the direct consequence of illness on utility
(as measured by 1). Thus when 1/@ is small, the optimal policy is not to provide any
insurance at all. Partial insurance occurs when the supply of drugs is insufficient and
in this case, the optimal copayment rate, determined by condition (7), is the result of a
trade-off between risk pooling (ez-ante efficiency) and an increase in the size of the risk
(ex-post efficiency).!”

The proposition is illustrated on Figure 1 which represents the choice in the space

(Q(N), ). There are two curves such that full insurance is optimal below the lower

16T this case a policy that would provide over-insurance would be optimal but this option is ruled
out.

17See Geoffard (2006) for a complete analysis dealing with this trade-off in a context where ez-post
moral hazard is due to a quantity effect.

81t is drawn for 0 = 1, §# = 1.5, 7 = 1/3 and § = 1.2. Thus the diversity index is Q = 0.5 for N = 3.

11



curve while no insurance is optimal above the upper one. The two curves coincide at
zero and 1, so that there is no need for insurance for A > (1 — 7) /7 and there is full

insurance for A < ).

lambda, A

2.0

no insurance
1.5 A

full insurance

0.0 +—————————————————————
00 01 02 03 04 05 06 07 08 0.9\/\}
b

Figure 1: Optimal insurance scheme with fixed supply.

4 Endogenous Drugs’ Diversity

In this section, we endogenize the market structure in the therapeutic class and we focus
on the free-entry equilibrium that occurs in the long run. Laboratories enter into the
market as long as the profits earned in the drug market outweigh a uniform sunk cost
k generated by the RED activities.'? For conciseness we ignore the fact that IV is an
integer and treat N as a continuous variable (see footnote 21 for more details).

Equalizing the sunk cost to equilibrium profits given by equation (5), the diversity
for a free-entry equilibrium is implicitly given by (up to the integer):

T (N)

k:(a—i-(l—a)r)N' (8)

19This assumption fits well the reality as incremental innovation has often been generated by uninten-
tional research aimed towards producing breakthrough products (see Wertheimer et al., 2001). One can
however argue that, starting from a certain number of drugs existing in a therapeutic class, the fixed
cost of innovation is decreasing since mee-too drugs enter the market with less clinical-trial experiments
(see Frothingham, 2004). A decreasing cost function would ultimately reinforce our result stating that
less than maximal reference pricing would be optimal.

12



Accounting for endogeneity of supply changes the nature of the analysis compared to the
case with fixed supply. Indeed, when NN is fixed, the only scope for price policy is cost
containment. Endogenizing the supply now creates a linkage between total expenses and
diversity. The free-entry condition implies an increasing relationship between diversity
of treatment and expenses:

7P = EkN.

While the health policy may raise diversity, it has to account for this cost. This suggests
that we view the choice of health policy as the joint choice of insurance and diversity of
treatment with a cost function that is determined by the free-entry condition.

Given that a+ (1 —a)r < 1, the minimal number of laboratories entering the market

is N given implicitly by the free entry condition k = 7w (N) /N or:
N(N-1)~—. (9)

Remind that @ is defined only for N > ¢6. To ensure this condition we assume (defining

NZ—FOOif)\S)\Q):
ASSUMPTION 2 N >2and 0 < N < N.

Assumption 2 guarantees that there are at least two firms in the market and the
WID is well defined (Q > 0). Moreover, the condition N < N ensures that there will
be some insurance in equilibrium, i.e. the copayment will be less than 1.2

In order to provide more intuitions about optimal regulation, we proceed in two
steps. First, we assume that the copayment rate a is exogenously fixed. In a second

part, a is endogenously determined.

4.1 Reference Pricing and Diversity for Fixed Copayment

Even though we consider this step in order to decompose more easily the different effects
at work, it is worth stressing that such a situation may occur when the copayment rate

is set by another regulator or at a high level of aggregation of pathologies/therapeutic

20T see that notice that N = N if a = 1. The condition implies that a < 1 is optimal for N = N, and
therefore it is impossible that a = 1 is an optimal choice.

13



class. For a given copayment rate, the strength of reference pricing determines the
equilibrium price for any level of entry. Increasing r results in lower equilibrium prices
and consequently in less entry. Hence, the optimal policy reflects a trade-off between
the total cost of treatment and the WID.

Notice that the free-entry equilibrium (8) induces a decreasing relationship between
r and N. Hence, for a given a, choosing r is equivalent to choosing the diversity N under

the relations:
mp(N)/kN —a

0<r=
=7 1—a

<1land 7P =EkN.

Thus, the problem reduces to the choice of diversity within a feasible range and the

optimal policy is the solution of the following program:>!

™ kN
EU = (1— L ot
max U=(1—-mu(wp) + Qu(wh a— ),
st. wp,=w— (1+A)(1—a)kN,
N>N,

akN — 7o (N) <0.

When r = 1, the level of entry is always equal to IN. Hence, at any copayment level, it
is possible to implement the minimal WID at the minimal cost. One may raise diversity
above this level by reducing the strength r of reference pricing. However, this would
imply some more entry costs. The first question to answer is then whether it is optimal
to minimize cost and to rely only on insurance, or to accommodate some cost increase.

The gain of raising diversity is captured by the slope of EU with respect to N, which

is equal to:
OFEU ™ 0Q n
8—]\7 = _@8_]\7“(11)5) —k (1 + )\) (1 - CL) EU/ - aaku/ (ws) s
where EU’ is defined as in equation (6). Using equation (7) and v/ = —owu, this slope

can be rewritten as:

0@ ON

OEU T 0Q n ! (ws) 1—a\ OEU
ON Q ® N Oa
2'When N is treated as a discrete variable, several values of r generate the same N. Clearly it is
optimal to choose the maximal strength compatible with N, hence r is such that P = kN/m. The
problem is thus identical but restricted to integer values of N. The comparative statics are the same.

: (10)
N
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where aaE—aU |  is given by the LHS of equation (6). The first term in the RHS of equation
(10) captures the trade-off between a higher WID (associated with more entry) and the
cost of entry. The last term captures the extent to which reference pricing can correct
for insufficient or excessive copayment to provide some insurance. Indeed, when there
is insufficient coverage (i.e. OEU/0a|y < 0), additional entry acts a substitute to
insurance since it reduces the difference of marginal utilities between healthy and ill
individuals. Thus, entry is more valuable when the copayment is too large. Whether it
is optimal to reduce the strength of reference pricing to induce some entry then depends

on the level of the copayment rate.

Proposition 3 Suppose the copayment is fixred and let r}; denote the optimal strength
of reference pricing.

If 060 > 1, then 1 < 1 and the optimal diversity is above N for a € (a,1) where
a < 1. Moreover r}; < 1 for all a if full insurance is optimal in the short-run at N = N.
If 08 < 1, either diversity is minimal for all a, or v} < 1 for a € (a,a) with 0 < a <

a<1.
Proof. See Appendix C. m

When risk aversion and the differentiation parameter are not too small, it is optimal
to induce entry by relaxing the intensity of competition at least for large levels of
coverage. This conclusion contrasts with the welfare analysis of entry in standard models
of horizontal differentiation, which conclude that there is always excessive diversity at an
unregulated free entry equilibrium (e.g. see Anderson et al., 1992). The key difference
between our set up and these models is that diversity has an additional benefit in the
case of pharmaceutical drugs: improving the welfare of ill individuals improves the
overall insurance performance. As a result, entry is desirable if insurance is not too
excessive. This is the case in particular when full insurance is optimal as alternative
means of providing insurance help reducing the gap between marginal utilities. On
the contrary, for low levels of differentiation and risk aversion, the insurance benefit is

not so important and the traditional result of excessive entry may apply. In this case,
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relaxing the strength of reference pricing may be desirable only for intermediate levels
of coverage or never.
We show in appendix D that the objective is quasi-concave which allows to perform

simple comparative statics.

Proposition 4 For a fized copayment, the optimal diversity:
i) is non-decreasing in the copayment if there is excessive coverage, i.e. if OEU/da > 0;

i1) is non-increasing in A and non-decreasing in o and 0.
Proof. See Appendix D. m

Increasing the copayment has two effects. It reduces the level of insurance and the
extent of supplier’s moral hazard. Since entry induces some indirect form of insurance
through a higher WID, the two effects make entry more attractive if there is not enough
insurance. In such a case, the optimal diversity of treatment increases in the copayment.
However, if there is excessive insurance, the two effects work in opposite direction and
no conclusion can be derived. The other results enunciated in Proposition 4 are rather
intuitive and state that the policy becomes more oriented toward cost containment when
the cost of public fund increases, risk aversion decreases or the differentiation parameter

decreases.

4.2 Optimal Policy Mix

We now consider the complete set of instruments and discuss the optimal choice of
coverage and strength of reference pricing. As already mentioned, assumption 2 rules
out the possibility of no insurance. Hence, we only need to consider full insurance or
partial insurance. Before determining which regime prevails, we discuss the strength of
reference pricing in each regime.

Proposition 3 implies that for 6 larger than 1, a full insurance policy is necessarily
associated with some incentive to entry and r* < 1. To see this, notice that if ¢* = 0
and r7* = 1, then N = N. But this would contradict proposition 3 which implies that

rg < 1 (as full insurance must be optimal for a* = 0).
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Let us now consider the case where partial insurance is optimal, the first-order

conditions with respect to N give (using equations (6) and (10) for OEU/0a = 0):

o mul(ws)
EU' = SJESE (11)
0
%a—gf <k (= if N> N). (12)

Equation (11) describes the same trade-off between risk pooling and size of the risk as
in the benchmark section, but obviously taken at a different value of N. The second
equation captures the trade-off between the social benefits and costs generated by the
entry of a new drug, respectively described by the LHS and the RHS of equation (12).
The social marginal cost is simply the welfare effect of an additional sunk cost, account-
ing for the optimal allocation of this cost across health states. The social marginal
benefit captures the increase in the WID through the marginal reduction of average
adverse effects generated by a new drug entry. In the following, we analyze whether the
optimal diversity of treatment is interior or not, i.e. whether there is less than maximal
reference pricing or not.

Remind that the minimal diversity V is given implicitly by the free entry condition
k = mp (IN) and is independent of the level of absolute risk aversion o. Substituting

(12) in (11), a necessary condition for an interior solution for r is

T 9Q &)
oQ(N) ON

We can now state our main proposition:

—k>0. (13)

Proposition 5 The optimal copayment a* is non-decreasing in A and diversity N* is
non-increasing in .

i) If 060 > 1, then r* < 1 and diversity is above N for all \;

it) If 00 < 1, then r* = 1 when a* > 0.

Proof. See Appendix E. m

Increasing A always leads to less coverage and less diversity as both are costly. Still,

whenever o0 is large enough, it is optimal to raise diversity above the minimum by
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relaxing the strength of reference pricing and inducing some entry. Conversely, if o is
smaller than 1, cost minimization tends to prevail and minimal diversity will be chosen
for A not too small. Therefore, when o0 is lower than 1, only N (and thus r* = 1) is
possible when full insurance is optimal (hence A small).

The proposition also reveals that there exists a threshold A such that there is partial
insurance if A > A and in this case the policy departs from cost minimization when the
combined value of risk aversion and disutility from side effects is large enough. When
A < A, the optimal policy coincides with the policy analyzed in the previous section for
a = 0. On the range A > A, we can analyze how the optimal level of copayment and
the optimal diversity of treatment offered in the therapeutic class vary with preferences

and the fixed cost.

Proposition 6 For A > A (partial insurance) and o6 > 1 :
i) An increase in o or 0 increases diversity and decreases the copayment;
i1) An increase in k decreases both diversity and the copayment;

i11) An increase in 1 decreases the copayment but does not affect diversity.
Proof. See Appendix F. m

The results first state that more risk aversion (o) or more risk (f and 7) implies
more coverage. This is in line with standard insurance analysis. The result on & follows
the same logic: as providing a given level of WID becomes more costly, the treatment
expense increases and the optimal policy compensates the increase in risk by a reduction
in the copayment rate. The result i) shows that insurance and the diversity of treatment
are complementary instruments to accommodate an increase in risk aversion or in the
heterogeneity of side-effects. However, the result 7i) states that they evolve as substitute
when the cost of entry increases. The last result is interesting as it states that the
optimal diversity is independent of the severity of the pathology. What matters is the
marginal increase in utility that diversity of treatment induces, and not the absolute

value of disutility.

18



5 Robustness Checks

In this section, we explore two alternative issues related to our set up. First, we develop
the model when the drug market is not fully covered. Second, we check whether our

main results hold with a more general specification of the distribution of adverse effects.

5.1 Partially Covered Market

This section extends the previous analysis to the case where individuals may forgo any
treatment. We are in particular interested in the extent to which this possibility implies
more or less diversity at the optimum.

Assume now that there is an outside alternative which is not to consume any drug.
Let us denote 90502 the monetary equivalent loss incurred by an ill individual of type j
when not consuming any drug. :i'? is assumed to be i.i. exponentially distributed along
with the :i'; One can view it as the individual severity of illness. Note that 8y — +oo
corresponds to the case of fully covered market as studied in the preceding sections.

Define 79 = 6/6g the measure of the opportunity benefit of forgoing a treatment.

The symmetric equilibrium policyholder j’s expected utility now becomes:
) 0 .
EU =1FE [u (wh —y — min {0 min T + p; —%})] + (1 — m)u(wy),
el TO
where now the agent has access to one more option.
Suppose that all agents face an out-of-pocket price p except for drug k& € I. The

demand function for drug k is given by the mass of sick individuals who prefer drug &

over the others and whose severity of illness justifies a treatment:

Demr [ 10 (17 (2 ) ) (1= P ()
0

We then have

Dy,

exp (_ (N-1) (pke p) + TOPk) '

Using the definition of the reference price mechanism and o« = a + r (1 — a), one thus

:N+To

has:

Dy T p<(N—1)a(Pk—P)+To(Pk—(1—a)min[Pk,R])>’

:N+T0X 0
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where R is given by (4). The demand function is thus defined by:

T N —-1)a (P, — P)+ 19aP, .

Dy, (P, P) = N+Toe’<p(‘( ) (’“9 )+ 7o ’“) if Py<P;
T N—-1+719)a(P,— P)+T19aP .

Dy, (Py, P) = N+Toexp<—( 0) (ek )+ 7o > if P<P.

As expected, with an elastic aggregate demand for drugs, the reference pricing system
with 7 > 0 yields a kink in the residual demand that a pharmaceutical firm faces as
pointed out in Danzon (2001). This kink implies that the demand is less elastic for
a price P, below the market price than for a price P, above. As a result there exist

multiple equilibria.

Proposition 7 When 1o > 0, there exists a continuum of symmetric price equilibria

Pe (B, 13) where

0 _ 0
- (N—=14+71))« an (N —-1)a+ 1oa

Proof. See appendix G. =

We can measure the size of the equilibrium set by the following ratio:

P—-P T0 r(l—a)

P N-l+mga+r(l—a)

This is increasing with 79 and decreasing with N. Hence, the range increases when the
treatments become less useful either because the option of no treatment becomes less
detrimental or because the diversity of drugs decreases. The range also increases with
the strength of reference pricing r. Figure 2 illustrates the price equilibria in the (r, P)
space. Every price between the upper and lower curves are possible price equilibria in

the market with an elastic demand.
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Figure 2: Price equilibria with elastic demand
Let us now turn to the welfare analysis. In this model, we have to consider three
situations for individuals. An individual may be healthy, sick with treatment or sick
without treatment. This implies that we adjust our notion of index of diversity and
that we introduce a WID that accounts for the probability of not using a treatment.
Considering that policyholders’ preferences are represented by a CARA utility function

and that assumption 1 holds, one can rewrite the expected utility function as:

EU =7 <éu (ws) + éu (wh)) + (1 —7) u(wp) (14)
where:
1 N P
Q. N+tro-o0" " <TO; ) (15)
1 To NaP
Q N+7’00¢9€Xp< 0 ) (16)

(21 is the WID accounting both for the probability of consuming a drug and the expected
side effect conditional on the fact that individuals consume a drug. This WID depends

on prices as this affects the decision to consume. In contrast, ()y measures the value of
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the new option of not consuming drugs when the severity of illness is low. Contrary to
(1, it is obviously decreasing in 7¢ since it decreases the disutility of not consuming any
drug. As in the preceding section, both Q1 and Qg are decreasing (resp. increasing) in
the risk aversion parameter (resp. the treatment diversity).

Notice that both @1 and Qg are functions of p = aP. This reflects the effect of the
out-of-pocket payment on the probability of using a treatment and on the conditional
expected utility. Indeed as p increases, it is less likely that the patient uses a treatment.
This in turn also implies that a patient using a treatment supports lower side effects on
average.

To conduct our policy analysis we need to make an assumption on the relevant price
that emerges given the policy mix (a,r). Given that we are primarily interested by the
conditions under which the optimal policy involves r < 1 under some insurance a < 1,
and for conciseness, we develop the analysis only for a = 0 and P = P, the largest
possible equilibrium price. Then, we have P = /(N — 1) r and the average demand for
adrugis D =7/ (N + 79). In the long run, the free entry condition k = PD/N yields
the diversity as an implicit function r as follows:

i

(N+719)(N—-1)r = -

(17)

The equilibrium number of firms is thus lower when the opportunity benefit of forgoing
a treatment is high. Using this zero profit free entry condition, the actuarial premium
must just cover the total cost of entry so that one has p = (1 + A\)Nk. It follows
that the socially optimal level of r is obtained by maximizing welfare (14) subject to

wp, =w — (1 + A)kN and condition (17).
Corollary 1 Suppose that a = 0, then the optimal diversity N is decreasing with 7.
Proof. See appendix H. m

As the opportunity cost of forgoing a treatment decreases, entry becomes less desir-

able. Note that all the comparative statics in proposition 4 still hold.
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5.2 Adverse Effects Distribution

In this section, we extend the model to test the robustness of our results to the as-
sumptions on the distribution of side effects across the drugs. In particular, we want
to investigate whether there is room for less than maximal reference pricing if the risk
aversion parameter o is set above some level. This conclusion holds provided that the
condition (13) is increasing with o. We maintain the assumption that the shocks 50; are

i.i. distributed across policyholders and drugs over (0,Z) but allow for an arbitrarily

distribution F' (z). The demand for a drug ¢ is now given by

Di(pl-—p,N):ﬁ/xf(x) <1—F<pi0_p—|—x>>N_1,
0

where p is the out of pocket price of any drugs k # 4. Profit maximization by laboratories

yields a symmetric equilibrium price given by:

P [ @0 F @)
0

The relationship between the price and the policy is thus unchanged. Similarly, the free
entry condition is unchanged and reduces to P = kN/m. The welfare analysis is similar

provided the diversity index @) is defined as:
Q(N) = / exp (o82) N (1= F )V f (2) da. (18)
0

As a result, equilibrium conditions (11) and (12) remain valid. Under quasi-concavity, a
condition to have less than maximal reference pricing is thus that property (13) holds.
The next proposition exhibits conditions for which the function (13) is monotonic in

the risk aversion parameter.

Proposition 8 Assume that 50; are tdentically and independently distributed across pol-
icyholders and drugs, with atomless cumulative distribution function F' on a support
[0,Z] (where T can be infinite) and density f. Assume E (exp (00z)) exists for o small.
Then there exists on (possibly infinite) such that Q (N) is defined for o € [0,on[. If
1 — F (z) is log-log concave, then (w/cQ (IN)) 0Q (N) /ON is increasing to +00 in o.
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Proof. See appendix 1. m

The proposition shows that under quite general conditions, the inequality (25) holds
for a level of risk aversion that is above some threshold. In this case, we maintain the
conclusion that the reference price should not be indexed on the minimum price when

agents are sufficiently risk averse.

6 Conclusion

Our analysis sheds light on various mechanisms and underline several results related to
drug price regulation, such as reference pricing. First, on the short run, it is always
optimal for the health insurer to implement the strongest policy in order to lower health
care expenditure. In the long run, the regulator takes into account the drug entry
process and the overall diversity of treatment offered to patients. Our model points
to the complementarity between copayment policy and reference pricing, or other cost
containment policy that work by limiting supply. Indeed, diversity of treatment is an
indirect form of insurance that may substitute for or complement monetary insurance. In
terms of policy making, our model points out the importance of having good estimations
of the impact of prices on the supply and of the social value of drugs diversity (which
depends positively on the level of policyholders’ risk aversion) before deciding on a
reference pricing rule.

Our model could be extended in several ways. It could be interesting to introduce
some vertical differentiation between drugs. In this case, following Brekke et al. (2007),
we could compare more explicitly the two modalities of reference pricing i.e. generic
versus therapeutic. Another extension would be to open the black box of the entry
process by modeling completely the innovation process (Aghion and Tirole, 1994).

In this paper, we determine the optimal public regulation in short and long run
equilibrium analysis. Nevertheless, as in Bardey et al. (2010), it would be useful to
complete this analysis by introducing delays in order to take into account the impact of
health insurance and drug price regulation on drugs introduction delay. Indeed, these

delays of introduction may have a huge impact in terms of welfare.
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Appendix
A Proof of Proposition 1

The equilibrium condition is

T 0D

— 1-— P=0. 19
Tt G @+ -a) (19)
Given prices p; and p, the probability that drug ¢ is chosen by a patient j is determined

by

Pr <pz‘ +9m§- :mlin{p—i—gi'é} |x;> Pr <Iln7£1n{j-é} > pi;p +1‘; |$;>
¥

pi—p ) N—-1
- (r(ee)

Integrating over all possible realizations of xé-, the expected demand of drug ¢ is thus:

D:wjf(x) <1—F <¥+x)>Nldx: e (—Nel (pi—p)>.

It yields

0

oD (77) N -1
8pi N N
Substituting this expression in (19) thus yields:

1 0

P= .
a+(l—a)r N -1

B Proof of Proposition 2

For a fixed price P = ¢ (N) the slope 0EU/0a increases in A implying that the optimal
copayment is non-decreasing in A. The first order condition at a = 0 can be rewritten

(using wp, = ws = w — w(1 + A)P)

n o, nu'(w — p)
oM gm AT A

1-—mu (w—p)+7

or
n—Q(N)
AS T 1

(1—m). (20)
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Similarly, we have a = 1 if

e (w — P)
ST ES

(1—m)u (w)+7 v (w— P)

N
Q(N)
or

nexp (o¢ (N)) — Q(N) L
T m QW) +mexp o) -~ (21)

The RHS of (20) and (21) decrease in N and take value Ao when @) = 1. Hence, (20)
holds for all @ if A < A\g. When (1 — 7) /7 > A > )¢ on the contrary, the condition (21)
is satisfied if N > N where N solves (21) with equality. Finally, when A > (1 —7) /7,

A>

the condition holds for all N.

C Proof of Proposition 3

We first prove that the objective is quasi-concave in lemma 1 and then prove proposition

3.
Lemma 1 The objective is quasi-concave in N.

Proof. The slope

gE—NU = ”aijv <%> w(ws)—k (1+2) (1 —a) | (1 — ) (wp) + %u’ (ws)} —%aku’ (ws)
can be written as v’ (ws) A where
A= ga% <%> —k(a+ (1—a)m(1+N) %4:(1“) (1—a)(1—7)exp (Uak7N>
(22)
‘We have
oA T 0 9
8_]\7 = *;W (%) *k(&‘l‘(l *&)71'(1+>\))8—N <%) +

aa% [(1 ) k(1 — 1) exp (—M%N> (1+ )\)} .

Hence:
% - —%% (%) —k(a—i—(l—a)w(l—i—)\))&% (%) +
aa§ [28% <%> _k(a+(1 a)n(ux))a .
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Using

i<ﬂ> ___ obp o of n
ON\Q) =~ (N-o00? N(N-00)Q
i(ﬂ) __206n 200 7
ON?2\Q) ~ (N-00 N(N-00)?Q
we obtain
8—A = fELQ _ Jigﬁ
ON|\o JN(N_00)2Q+I€((Z+(1 a)7r(1+)\))N(N_06)Q+
k 0
o [gm%—ﬂaﬂl—a)w(lm% ,
SO
928 - ~aw ks
n ON A:0_<+kz(2a+(1a)w(1+)\))>N(N0_9) aﬂk(aJr(l a)w(lJ(r)\i),
23
Notice that A = 0 implies that
™ d (n N
_Ea_N(G)_k(aJr(l_a)W(lJr)\))@ -
wof n
(v gy M+ Aamt ) F > 0

implying (because N > o6):

k(a+(1—a)m(l+\) < ﬁ
Hence, we have =27/ (0 (N — 00))+k (2a + (1 —a) (1 + X)) < 0 so that the first term
in brackets in the RHS of (23) is negative hence OA/ON|,_, < 0 at any point where
A = 0. This implies that 9 EU/ON? < 0 when OEU/ON = 0 so that the objective is

quasi-concave. H

By quasi-concavity, r < 1 if and only if the RHS of (22) is positive i.e. if:

EiaQ(ﬂ) B no (1 —m)exp —aak% o
502 ON kQ(ﬂ) (1 a)k‘([ +7TQ—(§IE ) (1+X) —Q(ﬂ)>>0
(24)

where the LHS of (24) is concave in a. This implies that < 1 on an interval (a,a).
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One has
noQ _ o0 1
Q*0ON N (N —o00)Q’
so that

T n  0Q(N) n__(~0 k n
TQU)? N ‘%(M‘(@‘ﬁ“ﬁ) & —of) Q)

But the free entry condition yields

id 1= N

kﬂzi(ﬂfl):* N

Therefore, we obtain

T_n QW) , m
o Q(N)? ON QN)

ko(N)
N — o006’

=(—1+00)
Substituting this last expression in (24), it yields r < 1 if
o6 —1 VNN 1—a OFRU
N—00) Q) Nu' (ws) ) Oa
where ‘95—(1[] ‘ N is evaluated at r = 1.
l—a \OERU| (l1-a (1 —7)u(wp) n n
(mee) = () (™ + (7)) a9 -3 me)

_ (1Ma) <((1 — ) exp (—oap (N)) + <7r%)) (14N — %) o (N),

which is decreasing with a when positive.

Suppose that o6 > 1. Then as ( Ni,_(fus)) o5y

‘  decreases when positive, condition
(25) holds on an interval (a,1). This interval is non-empty as the RHS vanishes at
a = 1. At a = 0, the condition is verified if 0EU/0a|y ,_o < 0 (i.e. full insurance is
optimal), in which case a = 0.

For 06 = 1, the same conclusion holds because our assumption that N < N ensures

that ( Ni,_(gs)) %EQU N < 0 for a close to 1.

If 06 < 1, the condition is violated at ¢ ~ 1. The function (%) ‘95—(1(]‘ N is

convex. Thus, the condition holds on some interval (a,@) which may be empty.
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D Proof of Proposition 4

At any point where N} is interior, the effect of a parameter on N is given by the sign
of the derivative of A with respect to this parameter. Differentiating the LHS of (22)

with respect to a and X respectively yields:

oA 1 OEU kN kN
a <W ) 9 ‘N“l—“)’“?“—”)exp(‘““7) (L+2),

(ws)
g_j; - —(-a)k [(1 — ) exp (—aag> +w%} <0,

so that OA/0a > 0 if OEU/da|y > 0 and OA/OX < 0. Then, using

O (n\_ o0 1
ON <Q> - NN -00)Q

we have
Q w0
EA = m—(aJr(l—a)ﬂ(lJr)\))k—
(1= a)k(1— ) exp <—Uag> N]_V“H(l ),

which is increasing in o and 6. Thus 9A/do > 0 and A/ > 0 at A = 0.

E Proof of Proposition 5

Suppose a* decreases in A for some value. Then it must be the case that a* > 0.
Moreover N* > N because a* is non-decreasing in A for a fixed IV from proposition 2.

At such a point, the first-order conditions are:

Su' (ws)
BU) = S5 =0

ro (g) ) = 2 1) =0

which can be rewritten (up to a proportional factor) as:

B (N —a0) kN B
Vo = 1+N(1—7) TN exp | —oa—— | +7 (I+X)—1=0, (26)
Vy = 70— kN*(N* — o) = 0. (27)
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We have at V, = Vy =0 (using (N* — 00) ok/m = 00/N* for Vyn):

Ve = —(1+)\)(1—7r)(N*—00)0£exp (—aa*kN ) <0,
nmw T
EN*\ o .
Van = (1+)\)(1—7r)exp<—aa - >nN*2(1—a)>O,

VNe = 0, VNN:*QR‘N*+]€O'9<O.

First, notice that the determinant of the modified Hessien is det = V4,V yn > 0, hence

the matrix is semi-definite negative. Differentiation of a¢* with respect to A\ gives

‘ _va)\ vaN
da* | =VNx VNN | —VaVin >0
oN det B det ’

because V,y» > 0 and V) = 0. But this contradicts the assumption made that a*
decreases in A. Thus, a* is non-decreasing with A and a* = 0 for A < A. Notice also

that at an interior solution
dN*
= 0.
d\

Hence, N* is constant in A when it is larger than N on A > A. Since N* decreases

in A for A < A from proposition 4, we conclude that it is non-increasing everywhere.
Moreover, notice that Vy (V) = kN (N — 1) — kN (N — 06) = kN (06 — 1) is positive
if and only if 06 > 1. Hence r* < 1 for all a* if 06 > 1. Finally, if 60 < 1, r* =1 if

a* > 0.
F Proof of Proposition 6

First, from equation (27), it is immediate that N* increases in o, 6 and 7, and N*

decreases in k. Applying the Cramer’s rule yields

*Vacr VaN
da* B _VNO' vNN
do det
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where

Vo = —(14+X)(1—m)exp <—0a* k]: ) 77]0\7* (1+a")
KN\ of .
Van = (14+A) (1 —7)exp <—aa - ) N (1—a")
Vv = —k(2N* —o00)
so that
da* 2(1+ ) (1 —7)0kexp (—oa* i)
- _ T~ [N*— o0+ a*N* .
do nIN* det | o6 +a"N'] <0
Moreover,
*VQG vaN
da* . —VNQ VNN
ag det
where
Vo = —(1+XN1—mn) 77]0\7* exp <—Ua* k]: >
Vng = m+EkEN*o
so that

da* o (1+A)(1—m)exp (—aa*k—f) . L .0 .
7 TN dot (—k(?N —00)+ (m+ kN J)W(l—CL)).

Using 70 = kN* (N* — 00), we obtain

da* 70’(14‘)\)(1—W)QXp(—UCL*$)k(N*(1+a*)70.0)<0

o nN* det
Finally, we have
_vak vaN
da* -Vt VNN <0
dk det ’

as Vg, Vyny and Vi are negative while V,y is positive. Similarly, V4, < 0 and

V iy =0 imply da*/dn < 0.
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G Proof of Proposition 7

Since

Py € argmax P Dy, (Pk, P)

every price P that satisfy

Dy, (P, P
Dk(Pk,P)—i—PkM < Ofor PF=P
0P P.<P
D" (P, P) + Pk 2PE e D) > Ofor PF=P
0P Ip>p
are candidates for symmetric equilibria. Since
Dk+PkaDk(P7P> =0
0P |p<p
leads to
0
P =
FT(N=1)a+oa
and
Dk+PkaDk(PkaP) _0
0P, PP
leads to
0
P =

(N —-1)a+ 1oa’
and that P* < P}, any price belonging to the interval (P;*, Pf) = (P, P) are possible

candidates for the symmetric price competition game.

H Proof of Corollary 1

The optimal diversity N solves

N+ 19

In]\E}XEU = TTnu (’I.Uh) <m

sit.wp=w— (14+AN)kN and (N +79) (N —-1) <

The gain of raising diversity is now captured by:
OEU - < —of )u(w)
ON NN T7—00)?) "
N+ 719
N +719— 00

(1+)\)k<(17r)+7r )u'(wh).
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Thus at any interior equilibrium one has
M —(1+NEk(N+710—00)(N+70—(1—7)00) =0.

The LHS is decreasing with N and 7¢, which shows that N is unique and ON/d1g < 0

when N is interior.

I Proof of Proposition8

Note first that if 1 — F' (z) is log-log concave then

f(z)
d? [loglog (1 — F (z))] _d —F(2)
dx? " dx llogl(lF F(x))] <0, (28)

for any = € [0,Z]. Since 1/Q (N) increases with o, it follows immediately that @ (N) <
NE (exp (06x)) so that Q (IV) exists for o small. Notice also that lim,_.,, @ (N) = +oc.

Integrating (18) by part yields:
Q) =~ {01~ F@)" expota} + 09/ (1= F (2))N exp (o62) da.
0

If the integral exists (1 — F (z))" exp o6z tends to zero at the upper boundary so that

Q(N) =1+ 06 /0 (1= F (@) exp [062] da.

Suppose that )
09/ log (1— F (2)) (1 — F (2)) exp [o62] da
0

exists, then

_mdlog (Q(N)) _ 7r0f0§ —_log(l — F(2)) (1= F(2))" exp[00z] dx‘
o ON [ exp (002) N (1 — F ()N f (v) da

This increases with o if

fof_—ex exp [ofz]log (1 — F (z)) (1 — F () da: N IS O exp (obz) (1 — F @)V f () da
[ —exp[o0z]log (1 — F () (1 — F (2))" da [ exp (o0z) (1 — F (z))N 7' f () do

or if

/01’ Oxh (x)dx > /OI Ozl (z) dx, (29)
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where h (z) and [ (x) are two densities defined by:

by — e E)log (L @) (1 P()"
[ —exp(ob2)log (1 - F (@) (1= F (2))" do’
exp (ofx) (1 — F (z ))N 1f( ) da

Jexp(obz) (1 — F (2))" 7 f (z) da

Since Oz is increasing, a sufficient condition for (29) to hold is that the distribution with

I(x) =

density h (z) first order stochastically dominates (FOSD) the distribution with density

[(x) ie. . .
/Oh(x)dx</0 [ (z)dz,

for any z € [0, z]. Using the Rothchild-Stiglitz single crossing property, this is true if

d 1(z) _
& 1 (2) - < 0 for every z € [0, 7] .
Since
1) RS Jy—eplet)log(1— F (@) (1 - F (@) da
h(z) —log(l—F(z)) JTexp (o) (1 — F @)V f(z)de

straightforward differentiation with respect to z yields

f(z
sign d 1(z) = sign a 1-F(z)
& < l_h> & |:dz (log(l F(z)))] ’

dz h(z)
which is negative if (1 — F' (x)) is log-log concave as shown by (28).
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