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Abstract

Personalized medicine is still in its infancy, with costly genetic tests providing little
actionable information in terms of efficient prevention decisions. As a consequence, few
people undertake these tests currently, and health insurance contracts pool all agents
irrespective of their genetic background. Cheaper and especially more informative tests
will induce more people to undertake these tests, potentially impacting not only the
pricing but also the type of health insurance contracts. We develop a setting with
endogenous observable prevention and adverse selection and we study which contract
type (pooling or separating) emerges at equilibrium as a function of the proportion of
agents undertaking the genetic test as well as of the informativeness of this test.

Starting from the current low take-up rate generating at equilibrium a pooling con-
tract with no prevention effort, we show that an increase in the take-up rate may decrease
welfare as long as the equilibrium remains pooling and is especially detrimental when
the equilibrium becomes separating. Similarly, decreasing the prevention effort cost (a
proxy for more informative tests) is detrimental to welfare when it changes the type of
equilibrium from pooling to separating.

These results imply that the desirability of public policies encouraging genetic test
taking or decreasing the cost of prevention effort varies according to the type of contracts
observed in health insurance markets. Especially, such policies may not be advisable in
the short run, as long as the equilibrium is pooling.

JEL Codes: D82, 113, I18.

Keywords: Adverse selection, consent law regulation, discrimination risk, person-
alized medicine, pooling and separating equilibria, Wilson anticipatory equilibrium.



1 Introduction

Personalized medicine can be defined as the development of ever more accurate diag-
noses, prevention actions and therapies, based on the individual characteristics of the
agents. This type of medicine is made possible by the development of genetic tests. Most
often, such genetic tests do not currently provide much useful guidance for prevention.!
As a consequence, few individuals currently undertake a genetic test to learn about
their future probability of developing a disease, except in very specific instances. This
situation may change in the near future, as genetic tests become cheaper and especially
as they provide more actionable information about prevention strategies to decrease the
likelihood of developing certain diseases (see the many examples in Snyder, 2016). Both
trends should induce more individuals to undertake genetic tests. At first blush, this
better and cheaper information, allowing for more tailored prevention efforts, should
have a positive impact on individual utilities and aggregate welfare. Our claim in this
paper is that it is also important to look at the consequences of these changes on health
insurance markets, and that these insurance effects may be detrimental to individuals’
utilities and to aggregate welfare, especially in the short run.

Since very few people undertake genetic tests for the moment, health insurers cur-
rently pool, within the same contracts, policyholders who are uninformed about their
genetic propensity to develop specific diseases with the very few informed policyhold-
ers. There is then no discrimination risk caused by genetic testing. This may change
when more individuals undergo genetic tests. The insurance pool will then consist of a
higher proportion of informed types. Since it is difficult for health insurers to observe
if their policyholders have done a genetic test, adverse selection will occur. Those who
discover a deleterious genetic background will have an incentive to pretend that they
are untested in order not to be identified as high risk (and thus costly) by the insurers.
Those with good genetic news will have an incentive to signal to insurers that they
have low probabilities of damage. At some point, these tensions may result in insur-
ers providing separating contracts to attract the genetically informed, low-risk agents,
rather than pooling contracts. The objective of this article is precisely to understand
the impact of both a higher test take-up rate, and of more informative tests, on the type
of equilibrium in health insurance contracts, and to assess the welfare consequences of
these changes.

The economics literature dealing with genetic testing is silent on this evolution, for
two reasons. First, to the best of our knowledge, most articles dealing with genetic
testing assume that individuals are ex ante homogeneous in terms of testing costs and
benefits, so that they all adopt the same decision regarding genetic tests and prevention

!See for instance the recent statement of the American College of Medical Genetics and Genomics
(ACMG): “The use of DNA-based health screening to guide preventive care in the screened individual
has long been discussed, but until recently has had limited applications.” (Murray et al., 2021, p. 989).



behaviors. It is then impossible to understand the impact of continuous increases in
take-up rates of genetic tests when the equilibrium take-up rate is either zero or one.
Second, the literature mainly tends to focus on separating equilibrium contracts a la
Rothschild and Stiglitz (1976), although the currently observed contracts are most often
pooling (see Hoy, 2006). Understanding the impact of cheaper and more informative
genetic tests on insurance contracts requires that the type of contract, separating or
pooling, be endogenously determined.

In this article, we consider a setting where agents have either a low or a high genetic
probability of developing a disease. The proportion of each type of genetic background
in the population is common knowledge. Agents who do not take a genetic test (hence
called of type U for uninformed) only know their expected probability of developing the
disease. An exogenous fraction of the population (called informed) has done a genetic
test which reveals with certainty their genetic background.? This genetic information
allows to tailor a costly prevention effort, which decreases the probability of developing
the disease if the individual has a deleterious genetic background. This prevention effort
is observable and contractible by a competitive fringe of insurers.3

Whether a test has been done or not, and its result if done, are private information
of the agents, giving rise to adverse selection. More precisely, we assume that agents are
allowed, but not required, to reveal to insurers their test results, a regulatory framework
we discuss in section 3. Informed agents with low probabilities to develop the disease
(denoted as type L) always have an incentive to reveal this information in order to
obtain a cheaper contract with full coverage. Informed agents with high probabilities
(type H) have an incentive to pretend that they did not do a test to mimic type U
agents.

We make use of Wilson (1977)’s equilibrium concept, which allows us to be agnostic
as to the equilibrium type, namely how informed agents with high damage probability
(H) and uninformed agents (U) are treated. They can either be pooled (and offered the
same contract), or be separated by insurers offering them a menu of contracts, subject to
a self-selection (or incentive compatibility) constraint. Wilson equilibrium type (pooling
or separating) is then the one preferred by the uninformed policyholders. We study how
this contract’s type is affected by two characteristics of personalized medicine: the share
of agents who do the test, and the informativeness of the tests as proxied by the cost of
the prevention effort which alleviates the consequences of having a deleterious genetic
background. For instance, going back to the BRCA1/2 gene and the recommendation

2We leave the endogenization of the decision to test or not to future research.

3The best-known example of this setting is the recommendation for women testing positive to the
BRCA1 or BRCA2 alleles, which increase the probability of developing breast cancer, to undertake
a mastectomy. Snyder (2016) contains several other examples where the prevention effort consists in
taking drugs or in modifying one’s behavior. See section 3 for more details about the information
structure considered.



to perform surgery when tested positive, one can only hope for the development of a
less psychologically costly prevention technology in the future.

We now summarize our main results. We start with the current situation of a low
fraction of informed agents and high prevention costs, resulting in a pooling (of types
U and H) equilibrium with no prevention effort. Increasing exogenously the fraction
of informed type worsens the average quality of the pool (with a higher fraction of H
types pretending to be uninformed), raises its break-even price and thus decreases both
types U’s and H’s utilities. At the same time, aggregate welfare (measured as the sum
of individual utilities weighted by the equilibrium fraction of each type) is also affected
by a composition effect, as more uninformed types (U) become informed about their
individual risk and are thus replaced by types L or H. The genetic information allows
agents to better tailor the prevention effort to their own need, so that this composition
effect increases aggregate welfare. Whether the composition effect’s (positive) impact
on welfare is larger than the (negative) impact due to the worsening of the pool quality
is analytically ambiguous. We provide a numerical example where aggregate welfare
decreases with the fraction of informed agents, in pooling equilibria without effort.

When the fraction of informed agents reaches a threshold, the type of equilibrium
moves from pooling to separating, because the utility of low risk (i.e., type U) agents
in the pool has decreased so much that they are now better off with a separating
contract. Insurers then propose a pair of contracts to types U and H, devised such
that type H has no incentive to pretend being uninformed. The separation occurs
either by decreasing the coverage rate of the contract devised for type U, and/or by
requiring a different prevention effort in both contracts. Type H agents’ utility (as well
as aggregate welfare) drops discontinuously as one moves from a pooling to a separating
equilibrium, as they lose the benefits of the lower premium paid when pooled with
the uninformed agents. Once the equilibrium becomes separating, further increases in
the fraction of types tested does not affect the equilibrium contracts and utilities, but
increases aggregate welfare thanks to the composition effect mentioned above.

We obtain similar results if we decrease the prevention effort cost (rather than in-
crease the fraction of tested agents). Decreasing this cost has no impact on utilities
or welfare as long as the equilibrium pooling contract prescribes no effort. Crossing a
threshold cost level changes the equilibrium from pooling to separating (if the fraction
of tested agents is large enough), with the same detrimental impact on type H’s utility
(and aggregate welfare) as described above. We then obtain the counter-intuitive result
that a lower cost decreases aggregate welfare. The separating equilibrium calls for effort
for type H but not for type U (since effort is useless for the latter if she has a favorable
genetic background). A lower effort cost then increases type H’s utility with her con-
tract, relaxing the incentive constraint and thus allowing a larger coverage rate for type
U, so that both types benefit from the lower effort cost, even though type U exerts no



effort. Aggregate welfare then also increases. Once the effort cost is low enough, the
equilibrium moves back to being pooling, but with a prevention effort. Type H’s utility
increases discontinuously with this move. Further decreases in effort cost then benefit
both types of agents (and aggregate welfare) with such a pooling equilibrium.

The first main message of the paper is then that both an increase in the fraction
of agents tested and a decrease in the prevention effort cost have detrimental effect in
the short run—i.e., as long as they keep the equilibrium unchanged as pooling without
effort, or cross a threshold so that the equilibrium becomes separating. It is only in the
longer run (after we have moved to a separating equilibrium) that these changes improve
individual utilities and/or aggregate welfare. The second message of the paper is that
the development of genetic tests is more susceptible to be beneficial (both for aggregate
welfare and for those unlucky enough to have detrimental genetic backgrounds) when
the larger fraction of tested agents is accompanied by a decrease in prevention effort cost
(a proxy for the efficiency of the genetic test in terms of actionable health information)
large enough that the equilibrium is pooling with prevention effort.

The structure of the paper runs as follows. Section 2 explains our contribution to
the literature. Section 3 discusses the information structure of the model. Section 4
presents the model while section 5 defines a generic insurance contract in this setting.
Section 6 analyzes the pooling contracts while section 7 studies the separating con-
tracts.* Section 8 studies which kind of contract, separating or pooling, emerges at
equilibrium as a function of the proportion of informed agents and of the level of the
cost of the prevention effort. Section 9 performs a comparative static welfare analysis
with endogenous contract type. Section 10 concludes. Most formal proofs are relegated
to Appendices.

2 Related literature

Doherty and Thistle (1996) is the seminal article studying the incentive to gather in-
formation in insurance markets in the context of adverse selection. They first show
that individuals do not have an incentive to acquire information (as in taking a costless
genetic test for instance) when the informational status of the agent (i.e., whether he
has done a test or not, irrespective of its result) is observable by the insurer. They
then obtain that individuals acquire information at equilibrium only if insurers cannot
observe consumers’ informational status. They characterize the separating contracts
offered to agents under different configurations of information costs and benefits.

4We start with the pooling contract both because it corresponds to the current situation, and also
for pedagogical reasons as it it is easier to describe since it does not rely on self-selection constraints.



The subsequent literature has built on Doherty and Thistle (1996) mainly by adding
a prevention effort which either decreases the probability that the damage occurs (pri-
mary prevention, as in Hoel and Iversen [2002], Peter et al. [2017] and Bardey and
De Donder [2013]) or decreases the extent of the damage when it occurs (secondary
prevention, as in Crainich [2017] and Barigozzi and Henriet [2011]), and by studying
different regulatory settings. Note that the existence of a prevention effort, which can
be tailored to the test results, tends to increase the value of the information generated
by these tests.

To the best of our knowledge, most of this literature has kept two assumptions
made in Doherty and Thistle (1996). First, all individuals are ex ante identical (in
both the individual costs and benefits of the test) and thus, at equilibrium, they either
all choose to test, or no one tests. Second, they focus on separating equilibria a la
Rothschild-Stiglitz. One exception to the first point is Hoel et al. (2006) who study
the consequences for the testing decisions of introducing heterogeneity in psychological
preferences (repulsion from chance). They provide an equilibrium analysis in a setting
with separating equilibria. The exceptions to the second point are Hoy (2006), Hoy et
al. (2003) and Crainich (2017), which consider more realistic settings that include a
pooling equilibrium. Strohmenger and Wambach (2000) also study the impact of genetic
tests in a large set of equilibrium contracts. However, they do not tackle the transition
from pooling to separating equilibrium that may arise endogenously as, for instance,
the test take-up rate increases. Finally, Bardey et al. (2019) run an experiment based
on a theoretical set-up where individuals are heterogeneous and do not take the same
decision with respect to genetic testing. They assume that agents who claim to be
uninformed about their type are offered a pooling contract.

As explained above, we use here a more reduced form by assuming that an exogenous
fraction of individuals have been tested while the rest of the population have not. Thus,
we have individuals with different informational statuses at equilibrium and we provide
comparative static analysis results with respect to the fraction of informed individuals
and the prevention cost. Our analysis encompasses pooling and separating equilibria in
a set-up a la Wilson.

3 The information structure: Adverse Selection without
Moral Hazard

Before developing analytically the model, we come back to the justification of its in-
formation structure that, on the one hand, considers a problem of adverse selection
caused by the policyholders’ informational status related to genetic test, and, on the
other hand, assumes that health insurers can observe their policyholders’ prevention
effort (i.e. implying the absence of ex ante moral hazard).



We study a context of adverse selection, where policyholders may choose whether
to disclose or not that they have undertaken a genetic test, and its results. This setting
corresponds to the Consent Law regulation (used in the Netherlands and in Switzerland,
for instance) where individuals are allowed, but not required, to divulge this information
to private health insurers. Other regulations exist, such as Strict Prohibition (where
insurers cannot require applicants to provide existing tests results, and cannot use any
genetic information in underwriting and rating) and Disclosure Duty (where applicants
are obliged to reveal whether they did a test, and its results, to the insurers).

We claim that adverse selection is very difficult to avoid with genetic tests, even
when a regulation different from Consent Law is implemented. Observe first that Strict
Prohibition also generates adverse selection, since nothing prevents the insurers from of-
fering a menu of contracts in order for the different types (informed or not) to self-select.
In other words, Strict Prohibition is not collusion proof, since low risk agents would like
to reveal their type, and insurers may screen those low risk types without regulators’
knowledge.? The enforcement of a Disclosure Duty regulation seems questionable too
given that a genetic test can be done abroad (for instance by mailing a biological sample
and retrieving the genetic information via Internet). In such a context it is unlikely that
patients’ genetic information will be transmitted to their health insurer if they prefer it
to remain private information. Hence, our point that adverse selection is a first-order
concern when dealing with genetic testing.

We model Consent Law for its simplicity, as it allows us to concentrate on the ad-
verse selection problem between truly uninformed agents and those who have received
bad genetic news, and wish to hide them. Modeling Strict Prohibition would require to
deal with an adverse selection problem with 3 types (uninformed, low risk and high risk
informed agents), making the already complex analysis even more so. We acknowledge
this limitation of our approach, and come back to why we surmise that the general mes-
sage of this paper would also apply with other regulations generating adverse selection
in the concluding section.

Second, we assume that the prevention effort is observable and contractible by in-
surers. Lifting this assumption would generate a moral hazard problem which, together
with the adverse selection problem mentioned above, would very significantly compli-
cate the analysis without commensurate gains in intuitions. Moreover, ex ante moral
hazard does not seem to be a first-order problem in health insurance as pointed out by
Bardey and Lesur (2005) who show in a theoretical model that a deductible is not neces-
sary when policyholders internalize sufficiently the benefits of their prevention behavior.
Chen et al. (2023) and Courbage and Coulon (2004) corroborate empirically the absence
of correlation between health insurance coverage rates and prevention behaviors.

SFor instance by using proprietary artificial intelligence: see “A.I. is changing Insurance” by S. Jeong,
New York Times, April 10, 2019.



The assumption of observable effort holds well in many examples where the effort
can take the form of surgery (mastectomy in the presence of BRCA1/2), weight loss, ab-
stention from smoking or drinking (which can be assessed for instance by a blood test),
or physical activity (with the rise of wearable devices). Insurers are indeed paying more
attention to the use of these technologies. For instance, Solino-Fernandez et al. (2019)
mention that “wearables are gaining momentum in employer based group insurance. For
example, health insurance companies such as United Health Group, Humana, Cigna,
and Highmark have established programs that foster the use of wearable devices at the
workplace. In general terms, health insurance companies use wearable devices to pro-
mote wellness and prevention at the workplace and keep the progress accountable; and
in exchange for healthy behaviors, employers receive economic incentives such as lower
group premiums in their health insurance policy” (p.2). The same study shows that “2
out of 3 Americans would be willing to adopt health insurance wellness programs based
on wearable devices, particularly if they have benefits related to health promotion and
disease prevention, and particularly with financial incentives ” (p.1). These observations
are in line with our assumption that observable prevention effort may be included more
often in health insurance contracts as personalized medicine progresses.

4 The model

The economy is composed of a unitary mass of individuals. Each individual develops a
disease with some probability, with sickness modeled as the occurrence of a monetary
damage of amount m. A fraction A €]0,1[ of individuals is of type H and has a high
probability of incurring the damage, while the remaining fraction 1 — \ is of type L and
has a lower probability.

Individuals choose to exert or not some primary prevention effort. We assume that
the prevention decision is binary and that prevention has no effect for a low probability
individual, while it decreases the disease probability of type H individuals.® We then
denote by pz, the probability of developing the disease for a type L individual (whether
he exerts the effort or not), and by p(l){ (respectively, p}{) the probability of developing
the disease of a type H agent who does not (resp., does) exert a prevention effort. We
assume that p(}{ > p}{ > pr,. We capture the prevention efficiency through A = p?q — p}q,

5Tt is now well established in the medical literature that “it is a combination of the genes that you
have inherited and the environment that you live in that determines the outcome” (Collins 2010), so
that prevention is more efficient with type H agents. For instance, for macular degeneration, “it became
clear that almost 80 percent of the risk could be inferred from a combination of (...) two genetic risk
factors, combined with just two environmental risk factors (smoking and obesity)” (Collins, 2010). This
normalization to zero effort for type L is done for simplicity and without loss of generality, as the model
could allow for a positive effort for type L, and concentrate on the additional effort provided if type H,
without affecting the results.



with 0 < A < A, where A = p% —py.

An exogenous fraction k of individuals has done a genetic test and is thus informed
about its type (L or H), while the remaining fraction 1 — k is not informed. We denote
an uninformed agent as having type U, with a probability of developing the disease
equal to

Py = Al + (1= A)p,

with ¢ € {0,1} denoting whether the agent exerts (i = 1) or not (¢ = 0) the prevention
effort. Note that pzi] < piq since A < A and A < 1.

We consider a setting where individuals, whether informed or not about their type,
buy health insurance from a competitive fringe of insurers. An insurance contract is
composed of a premium to be paid to the insurer, and of an indemnity from the insurer to
the insured in the case the disease occurs. We further assume that the prevention effort
is observable, so that there is no moral hazard in our setting and insurance contracts
state whether this effort is required or not.

We assume that agents are not required by law to reveal their type, but may do so
if they wish to, in which case insurers may use this information. This setting results
in adverse selection: while agents of type L always show their test results in order to
secure a low premium, agents who have been revealed to be of type H have an incentive
to pretend that they are untested/uninformed about their risk.

The timing of the model is then as follows. A fringe of profit-maximizing health
insurers offer a set of insurance contracts to agents who are exogenously informed (or
not) about their individual probability of incurring the health damage. Agents then
buy one insurance contract, and exert the prevention effort if the latter is required by
the contract. Finally, the disease occurs or not, and the payoffs are realized.

We now describe the contracts offered by the insurers.

5 (Generic insurance contract

A generic insurance contract is denoted by (m, I, ) where 7 denotes the premium in case
of health, I the indemnity (net of the premium) in case of sickness, and where i € {0,1}
denotes whether the contract prescribes the prevention effort or not. The premium is
computed as m = apm, where « denotes the fraction of the damage m reimbursed in
case it occurs, and where p is the probability that the agents buying this contract incur
the damage, given whether the prevention effort is required or not. Competition forces
insurers to offer actuarially fair contracts, so that the indemnity is I = a(1 — p)m. The
expected utility of the agent buying this contract (m, I, 1) is

pu(d) + (1 = p)u(b) — ¢',



where v(.) is a classical Bernouilli utility function (v'(.) > 0, v”(.) < 0), common to all
agents, and where
d=y—m+1

is the consumption level if the damage occurs while
b=y—m=

is the consumption level when the damage does not occur, with y the individual’s exoge-
nous income. We assume that ¢! = ¢ while ¢ = 0, where the effort cost (normalized
to zero if no effort is undertaken) ¢ is measured in utility terms. The assumption of a
utility (rather than monetary) cost is innocuous in our binary setting. All agents have
the same utility function v(.), income y and potential damage m, and differ only in their
probability of damage p. In the case of complete coverage (o = 1), we have

c=d=b=y—pm.

It is straightforward that contracts offered to type L agents are not affected by
adverse selection, since they are allowed to prove their type, and have an incentive to
do so in order to benefit from the low premium reflecting their low disease probability
pr. By assumption, prevention has costs but no benefit when the individual is of a low
type, so that the only contracts offered to type L agents entail no prevention effort,
with the consumption level, denoted by cy,, given by

CL =Y —pLm,

with the corresponding utility level Vi, = v(cr).
The following assumption holds throughout the rest of the paper. It is made in order
to simplify some (already long and convoluted) proofs.

Assumption 1 The utility function v(.) exhibits constant absolute risk aversion (CARA).

We follow Wilson (1977)’s approach in which the equilibrium can be either pooling
or separating (see Hoy (2006) and Seog (2010, section 7.3)). While Rothschild and
Stiglitz (1976) (RS hereafter) apply a traditional Nash reasoning (i.e. insurers conjec-
ture that the other insurers will not react to the introduction of a new contract), Wilson
(1977) uses a more sophisticated conjecture, which is that other insurers will withdraw
their contracts that become unprofitable as a result of the introduction a new contract.
This conjecture provides an insurer with lower incentives to offer new contracts than
under the RS conjecture. As a consequence, a RS equilibrium is also a Wilson equilib-
rium. But unlike in RS, a pooling equilibrium can emerge since a contract attracting



only uninformed policyholders is not necessarily profitable under the Wilson conjecture.
Whether these uninformed policyholders reach a higher utility with the RS (separat-
ing) contract or with a pooling contract determines whether the Wilson equilibrium is
separating or pooling.

To identify the Wilson equilibrium, we first construct the equilibrium contract as-
suming that it is pooling (section 6) or that it is separating (section 7). Section 8 then
assesses which of the two types of contracts is a Wilson equilibrium.

6 Pooling insurance contracts

6.1 Characterization

Recall first that the pooling contract does not concern type L, who has both the legal
right and the incentive to reveal their type to the insurer in order to obtain an actuarially
fair contract (with the low price of pr) with full coverage.

A unique contract is offered to the pool of agents who claim to be uninformed about
their type. By definition, in a pooling contract all agents must look alike, so that they
all either undertake the (observable) prevention effort (i = 1, which we call the P! case
or contract) or do not make this effort (i = 0, corresponding to the PY case/contract).
This pool is composed of a mass of 1 — k agents who are truly uninformed (since they
have not taken the test), and a mass kX of agents whose test has revealed them as type
H. The competition among insurers results in a unit price of insurance p’l'g reflecting
the average risk among this pool:

1k
1—k(I—N)

kA

— ] 1}.

Pp = Py +

The pooling price p’]; is lower than the actuarially fair price piq for type H agents,
who would then wish to buy full insurance. The coverage rate offered at equilibrium is
then the one most-preferred by type U agents, and is lower than one since the pooling
price is larger than piU. We denote by 0433 the equilibrium coverage rate of the pooling

contract, which is obtained as
ap = argmax pyv(y + a(l — pp)m —m) + (1 = py)v(y — appm) — ¢

The first-order condition for the equilibrium pooling coverage rate is given by:

py (1= pp)v(dp) — (1 — piy)ppv/ (bp) = 0, (1)
with
dp = y+ap(l—pp)m—m,
bp = y—apppm,

10



respectively, the consumption levels of (type U and H) agents who buy the pooling
contract when the damage does (resp., does not) occur. It is obvious from (1) that a%
does not depend on the value of ¢.

We denote the utility level attained by type U in the pooling contract as

and the one attained by type H as

Virp = po(dp) + (1= piy)o(bp) — ¢',i € {0,1}.

What determines whether effort is prescribed or not at equilibrium for the pooling
contract is the comparison of Vg p and VL} p- Insurers want to attract the least risky type
(i.e., U and not H) and competition among insurers ensures that the contract offering
the highest utility to type U is offered at equilibrium. We then obtain the following
proposition, which summarizes all the results obtained regarding the characterization
of the pooling contracts.

Proposition 1 (i) In all pooling equilibria, type L receives an actuarially fair contract
with full coverage and never exerts the prevention effort.

(i) The type of pooling contract depends on both k and ¢. There exists a unique value
of ¢, denoted by ¢p(k), so that:

1. Ifo < qu(k), we have a P! equilibrium contract, where both types U and H make
the prevention effort, and where the coverage rate of the pooling contract bought
by both types is given by 04}3.

2. If ¢ > qu(k), we have a P° equilibrium contract, where neither type U nor H
makes the prevention effort, and where the coverage rate of the pooling contract
bought by both types is given by a(},.

(i4i) Insurance coverage rate o' decreases with k, with o, > a¥%.

Proof. See Appendix A.1. m

It is intuitive that the prevention effort is made only if its cost is sufficiently low.
Assumption 1 implies that the demand for insurance decreases with its unit price. A
larger fraction of informed (H) agents in the pool increases the break-even premium and
thus decreases the amount of coverage bought. Prevention, by decreasing the health risk,
decreases the actuarially fair insurance premium, so that agents buy more insurance.
Note for future reference that the threshold ¢p(k) depends on k in a non trivial way.

11



6.2 Comparative statics welfare analysis

We take as welfare function the utilitarian one where we use as weight for each type its
proportion in the population of agents:”

Wp = (1—k)Vip+ENVEp+E1—-NV,
= k[(1=NVL+AVip—Vip| + Vip. (2)

We focus on the impact of decreasing ¢ (resp., increasing k), since it is likely to
correspond to the empirically relevant case in a near future.

Proposition 2 (i) Decreasing ¢ (a) has no impact on utilities nor on aggregate welfare
in PO, (b) increases types U’s and H’s utilities, as well as aggregate welfare, in P!,
(ii) Increasing k (a) decreases the utilities of both types U and H, but (b) has an am-
biguous impact on aggregate welfare due to a composition effect.

Proof. See Appendix A.2. m

The effort cost does not affect any contract in P, is paid by no one, and has no
impact on the composition of the pool of insured agents, so that aggregate welfare is
not affected by ¢. Aggregate welfare decreases with ¢ in P!, as a more costly effort
does not affect the coverage rate but decreases the utility of types U and H who both
pay this cost.

Increasing k has two countervailing effects on aggregate welfare in both PY and P'.
First, a larger k increases the price of the pooling contract and thus reduces the utilities
of types U and especially of types H. Second, increasing k creates a composition effect,
increasing the proportion of informed types L and H at the expense of uninformed ones,
U. As can be seen from (2), the derivative of welfare with respect to k compares the
expected payoff of knowing one’s type with the payoff of remaining uninformed. The
seminal paper by Hirshleifer (1971) has established that this composition effect (defined
there as the “value of the information brought by a test”) is negative when damage
probabilities are exogenous and when individuals face a discrimination risk. We obtain
here a positive composition effect, as we depart from Hirshleifer (1971)’s setting in two
directions. First, becoming informed allows either to obtain full insurance (if revealed
to be of type L) or to enjoy a better-than-fair insurance price (if revealed to be of
type H). Second, the prevention decision may change with the informational status.

"See Hoy (2006) for a discussion of the equivalence between this welfare function and the expected
utility of an individual behind the veil of ignorance, and for a welfare analysis that relies on the construc-
tion of Lorenz curves of the income distributions generated by the insurance contracts. The addition of
a prevention cost in utility terms prevents us from using this approach relying on income distributions.
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More precisely, in Case P!, knowing one’s type allows to save on the prevention cost of
effort in case one is revealed to be of type L, generating another positive impact on the
composition effect.

The overall sign of the impact of k on aggregate welfare is thus analytically ambigu-
ous. Using a numerical example (see Appendix B), we obtain that 9W2/0k is negative,
so that the direct negative impact of a higher k on utilities is larger than the positive
composition impact. Note that testing allows to save on the prevention effort cost (if
revealed to be of type L), so that a larger value of ¢ increases the composition effect.
Using the numerical example, we obtain that 9W}/0k is negative for small values of ¢,
and positive for larger values. We come back to these impacts in section 9.2.

We now move to the description of the separating contracts.

7 Separating insurance contracts

7.1 Characterization

In a separating equilibrium, the competitive fringe of insurers offer a menu of two
contracts (in addition to the contract offered to type L as described in section 5), one
intended for type U and the other for type H. Formally, we define as S, {i, j} € {0,1}?,
the pair of (separating) contracts offered to types U and H, with effort required from
type U (resp., H) if i =1 (resp,. j = 1).8

We denote by V7,4 the utility level obtained by type H with the separating contract
devised for their type, depending on whether effort is prescribed in this contract or not
(7 € {0,1}). Perfect competition ensures both that the contract offered to type H is
actuarially fair with full coverage,

VésZU(y—p%;m) —j* o, (3)
and that this contract includes the prevention effort if and only if type H’s utility is
higher with than without effort. This is the case if

¢ < Prax = 0 (y — pm) — v (y — pjym) . (4)
The other contract is intended for type U agents and is also actuarially fair, thanks

to competition. In order to prevent type H agents from buying this second, cheaper
contract, the following incentive constraints have to be satisfied for {i, j} € {0,1}%:

Virs 2 pire (dfs) + (1= pl) v (bils) =i %6, ®)

8We slightly abuse notation in sometimes calling S* the contract offered to type U, rather than the
pair of contracts offered to U and H.
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with
dzbjs = y+ Oéfgj(l — py)m —m,
bgs = y—adpym,

the consumption levels of agents who buy the separating contract devised for type U
when, respectively, the damage does (resp., does not) occur. The utility attained by
type U agents who buy the S¥ contract devised for their type is denoted by

Vils = piro (difs ) + (1 —piy) v (bfs) — i o. (6)

To satisfy these incentive compatibility constraints, insurers can play on two di-

mensions in the contract devised for type U, namely the coverage rates 0/’33 and the

prevention efforts (i € {0,1}). Perfect competition ensures that the effort is required

from type U only if their utility is higher with than without effort in the contract offered

to them which satisfies the incentive constraints (5). In the case where effort is required
from type H (i.e., if ¢ < ¢2..), this is the case if

¢ < P = DUV (difs) + (1 —pp) v (bifs) — (Ev (dfs) + (1 —pir) v (bY)s)) -

The following proposition summarizes the main characteristics of the equilibrium
separating contracts as a function of the prevention effort cost, ¢, showing which of the
two dimensions (i.e. coverage rate and effort in the contract devised for type U) are
used to separate the two types, and, on the other hand, how the coverage rate offered
to type U varies with the effort cost.

Proposition 3 (i) When ¢ < ¢°. , the competitive fringe offers to type U (a) a S
contract requiring effort with (b) a partial coverage a}gl constant with the cost of effort.
(i5) When ¢, < ¢ < ¢, the competitive fringe offers to type U (a) a S°' contract
requiring no effort with (b) a partial coverage o3 (c¢) decreasing with the effort cost.
(iii) At ¢ = cbf;lin, the coverage rate offered with the contract requiring prevention is
strictly lower than the one forgoing prevention (i.e., alsl < a%l .

(iv) When ¢ > qbglax, the competitive fringe offers to type U a S°° contract requiring no

effort, with a partial coverage rate a%o constant with the cost of effort.

Proof. See Appendix A.3. =

In all separating equilibria, types L and H receive an actuarially fair contract with
full coverage, and type L never exerts the prevention effort as it is useless. The type of

9Unlike for type H, the utility level attained by type U with the contract devised for their own type
depends on whether effort is included in the other contract (the one devised for type H) because of the
incentive compatibility constraints.
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separating contract does not depend on the proportion of informed agents but depends
on the effort cost. Intuitively, agents perform the prevention effort if its cost is low
enough, up to a threshold which is lower for type U (¢S ) than for type H (¢3..)
because the expected pay-off of effort is lower for type U, who may not benefit at all
from effort with probability 1 — A.

We then obtain that the equilibrium separating contracts prescribe the same effort
level for types U and H both when the effort cost is low (¢ < ¢>§1m> effort required)
and high (¢ > @3, effort not done), in which cases the separation between types
only occurs in the usual, Rothschild-Stiglitz way of partial coverage to the least risky
type (i.e., type U here), with the coverage rate independent of the effort cost (parts (i)
and (iv) of Proposition 3). When the effort cost is intermediate (¢5. < ¢ < ¢5..),
the separation between types occurs both with partial coverage for type U and different
effort levels for both types (S°! contracts, see part (ii)). Preventing effort in the contract
designed for type U makes this contract less attractive to type H, enabling insurers to
increase the coverage offered to type U, explaining the discontinuity in coverage rates
when moving from contract S! to S° (part (iii)). At the same time, the coverage rate
provided to U in S°! decreases with the cost of effort, because the latter increases the
incentive for H to mimic U (since this cost is paid with the contract devised for H, but

not for U) requiring to degrade the contract offered to U by providing less coverage.

Proposition 3 extends Barigozzi and Henriet (2011)’s Lemma 2 (itself an extension
of Doherty and Thistle (1996)’s Proposition 2 to the case of secondary prevention) to
our setting with both informed and uninformed types, so that agents who do not prove
that they have a low genetic risk (i.e., types U and H) have to be separated by the
insurers.

7.2 Comparative statics welfare analysis

We now summarize the comparative statics results on welfare, defined as previously
as the weighted sum of utilities, using as weight for each type its proportion in the
population of agents.'® We obtain the following proposition.

Proposition 4 (i) Decreasing the prevention effort cost ¢ (a) has no impact on welfare
in S, (b) increases welfare, in S** and in S°'.

(ii) Increasing the proportion of informed agents k increases welfare thanks to a com-
position effect.

Proof. See Appendix A.4. =

108ee Appendix A.4 for the precise mathematical statement.
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The prevention effort has obviously no impact on utilities and welfare when no
one does the effort (S°) since the coverage rate offered to U is independent of ¢ (see
Proposition 3 (iv)). A lower value of ¢ increases the utility of both U and H in all other
cases—i.e., when they both make the effort (S'!) but also in S° because U’s coverage
rate increases as ¢ decreases, as explained in Proposition 3(ii)(c) above. In both cases,
aggregate welfare then decreases with ¢.

In a separating equilibrium, policyholders’ utilities do not depend on k. However,
the variation of k affects the welfare function through the composition effect already
encountered in section 6, namely the increase in the proportion of informed types L and
H at the expense of the uninformed type U. This composition effect increases welfare,
as for pooling contracts, but for slightly different reasons.

First, remaining uninformed entails buying a contract with partial coverage, while
being informed of one’s type allows to buy full coverage, generating a positive impact
on welfare. Second, the prevention decision may change with the informational status.
With contracts S, knowing one’s type allows to save on the prevention cost of effort in
case one is revealed to be of type L, generating another positive impact on welfare. With
contracts S°', uninformed agents do not exert the prevention effort, so that knowing
one’s type now means incurring an effort cost ¢ if revealed to be of type H, with
a negative impact on welfare. In both cases, the composition effect’s net impact on
welfare is positive.

8 Equilibrium contracts: separating or pooling?

The objective of this section is to understand what type of Wilson equilibrium, sepa-
rating or pooling, emerges as a function of k and of ¢. What determines whether the
equilibrium is pooling or separating is the utility attained by type U policyholders under
both contracts. Start with the pooling contract. It can only be defeated if insurers can
attract the lower risk (type U) while offering them a separating contract. Hence, we
have a pooling equilibrium if type U has a larger utility level with the pooling contract
than with the separating contract, and vice-versa.

The following assumption is a sufficient (but not necessary) condition for type U to
prefer the separating to the pooling contract when k tends toward 1. This assumption
guarantees that with full adverse selection, a situation occurring when almost all poli-
cyholders have done a genetic test, the cross-subsidies contained in the pooling contract
are so large that uninformed policyholders are better-off with a separating contract.

Assumption 2 A is not too large:

py (1 — k) V' (y)
=)ol = 7y —m) ")
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This assumption is supposed to hold throughout the rest of the analysis.!! We then
obtain the following proposition.

Proposition 5 For any given value of ¢, there is a unique (strictly positivg} threshold
value of k, denoted by k(¢), such that a pooling equilibrium emerges if k < k(¢), and a
separating equilibrium emerges if k > k(o).

Proof. See Appendix A.5. m

Type U’s utility decreases with k with the pooling contracts (since a larger k in-
creases the contract’s price) but is not affected by k with separating contracts. We then
obtain that U prefers a pooling contract if k is lower than the threshold l;:(qb), and a
separating contract if k is larger.

Observe that there are at most 6 possible comparisons of utility levels for type U,
for any value of (k, ¢), since there are 2 types of pooling (P? and P') and 3 types of
separating (S%, S9! and S*!) contracts.!? Tt would be too cumbersome to try and solve
all six cases. We then restrict ourselves to the configuration we observe in the numerical
example described in Appendix B and depicted in Figure 1.

Insert Figure 1 here
Figure 1: In (k, ¢) space, separation between P!, P? S S0 and S% contracts.

Figure 1 can be understood with the help of Propositions 1, 3 and 5. The Wilson
equilibrium is pooling if & is low enough (i.e. if k < l%((ﬁ)) and separating otherwise (see
Proposition 5). In the case of a pooling equilibrium, effort is prescribed if its cost is low
enough (¢ < ¢p(k)) and not otherwise (see Proposition 1). In the case of a separating
equilibrium, contracts prescribe no effort to anyone if the effort cost is large (¢ > ¢35,

effort only for type H if the effort cost is intermediate (¢°. < ¢ < ¢3..), and for both

min

types U and H if it is low enough (¢ < ¢°. ) (see Proposition 3).13

min

HThe inequality does not involve any endogenous variables, but only exogenous ones. Its left-hand-
side is increasing in A, implying that A is not too large.

2Proposition 3 shows that there is no S'° equilibrium, since effort has a lower expected benefit for
type U than for type H.

3Note that this configuration only excludes the two extreme comparisons of contracts among the
potential six mentioned above: there is no value of (k, ¢) where the pooling contract is P! and the
separating contract S° (because this would require to consider @5.. < ¢ < (Z;p(k)) and where the
pooling contract is P° and the separating contract S*' (because this would require to consider ¢p (k) <
¢ < d)f’;lin). These two excluded situations anyway seem to be very unlikely to emerge in an equilibrium.
Take for instance the comparison between P! and S°. This supposes that, for the same parameters
(k, ¢), insurers who offer separating contracts would require of both types U and H not to do the
prevention effort, while if insurers were to offer a pooling contract, they would ask both types to do this
same prevention effort. The other four comparisons of contracts (P° and S°°, P° and S°*, P! and S%',
and P! and S'') all exist for some parameter values (k, ¢) in our example.
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The following proposition assesses how I%((ﬁ) is affected by ¢ for the four possible
configurations exemplified in Figure 1.

Proposition 6 (a) For values of (k,¢) such that the potential equilibria are either P°
and S°, or P! and S, the threshold k(o) is not affected by the value of ¢.

(b) For values of (k,¢) such that the potential equilibria are P° and S°', the threshold
k(¢) is increasing in the value of ¢.

(c) For values of (k,¢) such that the potential equilibria are P! and S°!, the threshold
k(¢) is decreasing in the value of ¢.

Proof. See Appendix A.6. m

Proposition 6 first shows that k(¢) is a constant (unaffected by ¢) when both the
pooling and the separating equilibria prescribe the same effort level to both types U
and H, since the same effort cost is borne (or not) in both types of contracts. Part
(b) compares a pooling contract without effort with a separating one where H exerts
the effort and obtains that type U’s utility decreases with the effort cost in the latter
case (because the coverage rate decreases with k in S°', as shown in Proposition 3
(ii)), but not in the former. A higher value of the effort cost then makes the pooling
contract more attractive relative to the separating one, increasing the threshold value
l%(qﬁ) Finally, when comparing a pooling contract with effort with the separating one
SO the threshold lz:(gb) decreases with the effort cost because the latter decreases the
utility with the pooling contract more than with the separating one.

In the next section, we study how utilities and aggregate welfare in the Wilson
equilibrium are affected by changes in the prevention effort cost and in the proportion
of tested agents.

9 Comparative static welfare analysis with endogenous
contract type

We first vary the prevention effort cost and the fraction of informed agents separately,
before looking at the impact of a simultaneous decrease in cost and increase in test
take-up rate on utilities and welfare.

9.1 Welfare impact of the prevention effort cost ¢

Compared to sections 6.2 and 7.2, we incorporate here how the equilibrium type (S,
SO 800 PY or Pl) and its corresponding health insurance contracts change endoge-
nously as ¢ decreases. Focusing on the typology of cases that emerges from the numerical
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example (see Figure 1), we obtain four different situations, depending on the value of k.
The Wilson equilibrium is always pooling when k is low enough (and moves from P° to
P! as we decrease ¢). For larger values of k, it moves from pooling to separating and
then back to pooling (from P° to S°! to P!) as ¢ decreases. For still larger values of
k, the Wilson equilibrium changes from separating to pooling (S% to S! to P!) as ¢
decreases. Finally, for very large value of k, the equilibrium is always separating (but
changes from S to S% to S'! as ¢ decreases).

We introduce the following assumption, whose role we discuss after Proposition 7,
in footnote 14.

Assumption 3 A is low enough that pl, > p?] for the value of k such that type U is
indifferent between P! and SO

This assumption implies that p}l > p?]. We then obtain the following proposition.

Proposition 7 With the typology of cases obtained in Figure 1, and under Assumption
3, a decrease in ¢ weakly increases both types U’s and H ’s utility, and aggregate welfare,
except when the combination of effort cost ¢ and test take-up rate k is such that the
equilibrium changes from P° to S°', in which case we have a downward discontinuity
in H’s utility and in aggregate welfare.

Proof. See Appendix A.7 =

It is intuitive that a lower effort cost benefits the types (U and/or H) exerting
effort at equilibrium, whether the contract is pooling or separating. We then focus
on the counter-intuitive case where a lower effort cost decreases utilities and welfare,
which happens when the equilibrium e from pooling (P°) to separating (S°!). Type U’s
utility is continuous in ¢ at this point because the equilibrium type is determined by
type U’s preferences. Type U is then indifferent when trading-off the higher price in P°
(since p% > p?;) with the larger coverage (a% > all). As type H agents value more the
higher insurance coverage in P° (since they have a larger damage probability, p% > p?;),
their utility decreases discontinuously when moving from P? to S°'. A similar intuition

applies to the other two discontinuities we observe (from P° to P!, and from S% to
Py

We refer the reader to Appendix B for figures showing how the utility of types U
and H, and aggregate welfare, vary with ¢ for k intermediate in our numerical example.

MThere is generically a discontinuity in H’s utility (and aggregate welfare) when moving from S°*
to P'. Assumption 3 is sufficient (although not necessary) to ensure that the discontinuity is positive.
Note that, if the discontinuity were negative, this would further reinforce our result that a lower value
of ¢ does not always increase aggregate welfare.
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9.2 With respect to test prevalence k

Focusing on the typology of cases that emerges from the numerical example (see Figure
1), we obtain that all transitions (as we increase k) have in common that we move at
some point from a pooling to a separating Wilson equilibrium. But the specifics of the
contracts (namely, whether they require effort or not) change with the value of ¢. We
then obtain the following proposition.

Proposition 8 With the typology of cases obtained in Figure 1, and under Assumption
3, an increase in k has the following impact on utilities and welfare:

(a) When k is low, the equilibrium is pooling where a higher k decreases both types U’s
and H'’s utilities, but has an ambiguous impact on aggregate welfare.

(b) For some intermediate values of ¢, increasing further k then changes the equilibrium
from PY to P!, which is associated with an upward discontinuity in type H’s utility and
i aggregate welfare.

(¢) Increasing k further then changes the equilibrium from pooling to separating, result-
g n a downward discontinuity in both H’s utility and aggregate welfare.

(d) Further increases in k do not change the equilibrium type (separating) and do not
affect agent’s utilities, but increase aggregate welfare by a composition effect.

Proof. See Appendix A.8. =

When the test take-up rate k is low, the Wilson equilibrium is pooling (see Propo-
sition 5). Increasing k then decreases the utility of both types (U and H) in the pool
(because its quality degrades, with a larger fraction of risky types claiming to be unin-
formed, and so that the actuarially fair price of the pooling contract increases), while
the impact on welfare is ambiguous, due to a composition effect (see Proposition 2).
This is true whether the pooling contract prescribes effort (P!) or not (P°). When &
attains a threshold level, the Wilson equilibrium becomes separating.'®> At this point,
type U is indifferent in the trade-off between the smaller price but lower coverage with
the separating contract. Type H, on the other hand, suffers more from the disappear-
ance of the cross-subsidies when moving to a separating contract, and incurs a drop
in utility, so that welfare also decreases discontinuously (same intuition as in Proposi-
tion 7 when moving from pooling to separating contracts). Finally, further increases in
the proportion of informed individuals do not affect individuals’ utilities, but increase
welfare by the composition effect (see Proposition 4).

5For the intermediate values of ¢ studied in part (b), the equilibrium first moves from P° to P!, with
a discontinuous increase in H’s utility. At this point, while U is indifferent between both contracts, H
strictly prefers contract P! because it offers more coverage than P°.
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We obtain with our numerical example that welfare is slightly decreasing with k in
the PY equilibrium. As already discussed at the end of section 6.2, welfare is increasing
in k in the P! equilibrium when ¢ is large enough but is decreasing in k& when ¢ is low
enough. We refer the reader to Appendix B for additional figures depicting the utility
of types U and H, and aggregate welfare, as a function of k& when ¢ is such that part
(b) of Proposition 8 applies.

9.3 When both ¢ and k£ vary simultaneously

In this section, we show numerically what could happen in the near future, as more
people choose to do the genetic test (higher k) and as the informational content of
those tests increases (which we proxy by a decrease in the prevention effort cost ¢)
simultaneously. We build on the numerical example presented in Appendix B, and
assume a linear relationship between ¢ and k (¢(k) = 0.29 — 0.8k). We then start in the
upper left corner of Figure 1, in the (k, ¢) space, with a high value of ¢ and a low value
of k, corresponding to the situation currently observed in reality, and to a P? contract.
As k increases and ¢ decreases, we move in the south-east direction on a straight line
whose slope is such that we first cross to the S equilibrium contract, and then to the
P! one.

Figures 2 and 3 depict respectively types U’s and H’s utility, and aggregate welfare,
as we increase k/decrease ¢ simultaneously.

Figure 2: Types U’s and H’s utility as a function of & when ¢(k) = 0.29 — 0.8k.

Figure 3: Aggregate welfare as a function of & when ¢(k) = 0.29 — 0.8k.

As long as we remain in the P° equilibrium, types U’s and H’s utilities are not
affected by ¢ but decrease with k, which makes the pooling contract more expensive.
Proposition 2 has shown that the impact of k on aggregate welfare is ambiguous (because
of a positive composition effect), but we obtain on Figure 3 that welfare decreases with
k (so that the negative price effect is larger than the positive composition effect). The
move from pooling to separating is associated with a drop in H’s utility, who suffers
from the disappearance of cross-subsidies, as seen in the previous subsection.

As long as we remain in the S°' equilibrium, types U’s and H'’s utilities are not
affected by k, but decrease with ¢. We thus obtain an unambiguous increase in both
types’ utilities (and especially in H’s utility, who is actually doing the effort),'® as we

167ype U’s utility increases thanks to the increase in coverage rate made possible by the lower effort
cost borne by H-see Proposition 4.
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increase k and decrease ¢ simultaneously, as exemplified in Figure 2. Aggregate welfare
decreases with ¢ and increases with k (thanks to the composition effect, see Proposition
4) in S%'. We then obtain that aggregate welfare unambiguously increases as we increase
k and decrease ¢ simultaneously, as exemplified in Figure 3. Moving from the separating
to the pooling equilibrium increases discontinuously type H’s utility (and thus welfare
as well), who benefits from a return of the cross-subsidies.

As long as we remain in the P! equilibrium, types U’s and H’s utilities decrease with
both k and ¢ (see Proposition 2). We obtain in our numerical example that the impact
of a smaller ¢ supersedes the impact of a larger k, with both types’ utilities increasing as
we increase k and decrease ¢ simultaneously on Figure 2. Aggregate welfare decreases
with ¢, but the impact of a larger value of k is analytically ambiguous (see Proposition
2). We obtain on Figure 3 that aggregate welfare increases when we increase k and
decrease ¢ simultaneously.

To summarize, we obtain that a larger value of £ combined with a smaller value
of ¢ is detrimental for types U and H and for society as long as we remain in a P°
equilibrium, and when we move from the P to the S°! equilibrium. The impact then
becomes positive (both for U, for H and for aggregate welfare) in both the S°! and P!
equilibria, and also when one moves from the former to the latter. The lowest level of
utility (for H and for U) and of aggregate welfare corresponds to the combination of
values of k and of ¢ that generates a change from the P° to the S° equilibrium.

10 Conclusion

This article has studied the welfare implications on the health insurance market of the
development of personalized medicine, as measured by the increase in the take-up rate
of genetic tests providing more efficient and actionable prevention actions. Starting
from the current low take-up rate generating at equilibrium a pooling contract with no
prevention effort, we obtain that an increase in the take-up rate has first an ambiguous
impact on welfare, and then unambiguously decreases welfare as one moves from a
pooling to a separating equilibrium. It is only once the take-up rate is large enough
that the equilibrium is separating that any further increase in take-up rate increases
aggregate welfare, by a composition effect.

We also study the impact of a decrease in the prevention effort cost, taken as a
proxy for the effectiveness of the genetic tests in terms of actionable health information.
We obtain that decreasing this cost, starting from its current high level, moves us from
the current pooling equilibrium without prevention to another pooling equilibrium with
effort, with the possibility of having a separating equilibrium for intermediate values
of the effort cost. Once more, the move from pooling to separating equilibrium is
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especially detrimental to those unlucky enough to get informed of their detrimental
genetic background.

The fact that welfare is not monotone with respect to the genetic tests’ take-up
rate implies that policymakers must pay attention to the type of contracts offered in
health insurance markets to determine the desirability of higher test take-up rates.
More precisely, as long as uninformed policyholders and high risk policyholders remain
pooled together within health insurance contracts, small increases in genetic tests take-
up rates should be discouraged. On the contrary, once health insurance equilibrium
contracts have switched from pooling to separating, policymakers should adopt policies
that increase genetic test uses by policyholders. Decreasing prevention effort costs (for
instance by subsidizing them) or trying to improve the effectiveness of these prevention
efforts (for instance by subsidizing medical research) would be especially helpful in the
long run to attain a pooling equilibrium with effort, which corresponds to the highest
levels of utilitarian welfare in our setting.

Observe that we have used a simple utilitarian welfare function, weighting individual
types by their share in the insured population at equilibrium. Moving to a welfare
criterion that puts more weight on the least well-off (type H in our setting) would
reinforce our conclusion that encouraging individuals to undertake a genetic test may
result in short run welfare losses, as long as the equilibrium is not separating.

Our analysis considers a Consent Law setting where agents are allowed, but not
required, to reveal to insurers whether they did the genetic test, and its results. While
this setting limits the applicability of our analysis, we claim that the mechanisms at
play here also apply to other regulations generating adverse selection, such as the Strict
Prohibition legislation. In the latter case, informed low risk agents cannot signal their
type, so that the adverse selection problem concerns the three types, L, U and H.
Contracts can then be pooling (the 3 types), separating (the 3 types), or a mix of
pooling (2 types) and separating (for the remaining type). Adopting this regulation
would thoroughly complicate the resolution of the model, but the forces that we have
identified here would also be at play. For instance, a higher fraction of tested agents
would degrade the pool and the utility of its members, pushing the lowest risk agents
in the pool to switch to a separating equilibrium, at the expanse of the utility of the
higher risk agents inside the pool. Also, the separation between types would also occur
through a combination of underprovision of insurance and/or different prevention effort
levels. While recognizing the limits of our approach, we thus feel confident that the
main message of the paper would hold through with other, more complex, regulations
incorporating adverse selection.

Our model could be extended in several directions. First, one would like to endoge-
nize the testing decisions. Second, it would be interesting to introduce insurers’ market
power, the limit case being the monopoly situation. Stiglitz (1977) shows that, even
in a monopoly situation, a pooling contract cannot be supplied at equilibrium and we
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conjecture this result would apply here as well. It would be worth studying if a pooling
contract can emerge in our genetic test context when one moves away from the pure
monopoly situation. Third, in our model we assume that the fraction of agents who do
the test is the same irrespective of their genetic background. One could surmise that
it is actually higher for agents who have a detrimental genetic background, for instance
because their family medical history constitutes a signal of this background, or because
they are advised to get a test by their doctor. This would change the composition of the
pooling contract (increasing the fraction of tested H agents) and the incentives faced by
type H and U agents. We leave this promising extension to future research.
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Appendix A

Appendix A.1.: Proof of Proposition 1

(ii): Observe first from (1) that a% and o}, do not depend on the effort cost ¢. We then
have that VUO p is independent of ¢, while V[} p decreases linearly with ¢. When ¢ = 0,
it is obvious that V,} p> VL(,] p- Finally, we have

lim Vi}p = —o0o < lim V{p.
p—o0 p—o0

(iii) It is well known that CARA preferences generate a downward sloping insurance
demand function: see for instance Schlesinger (2000, p.137). We now compare the
coverage rates with and without prevention.

Let us rewrite the first order condition for an effort j. We have:

T(a,A) = p{] (1 — pi;) v’(d{D) — (1 — p%]) pft,v/(bg;) =0.
The implicit function theorem gives:

da Y (a, A)/OA

dA 9T (o, A) /O

Note that o} > a?; if and only if da/dA > 0. The sign of the denominator is
negative due to the second-order condition. Thus,

da _  9T(@d)
dA = oA —
=

(-r0-s)+ (S22 5 ) via

(-0 (V) e
+ (1 —pp) pp" (dp)am <m>

— (1= py) ppv” (bp)am (m> ="

4
1 _ 1
(1_;{;p(U1_)\) -A(1 —p}o)> V'(dp) — (p}ﬂ - (1_1,{:(%» V' (bp)
= % [y (1 = pp) v"(dp) — (1 = py) ppv" (bp)]
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First, let us work on the RHS. We have:

:Ozm(l—p(l])p}; pllj(l_p}J) megly gl

Using the first order condition, we have:

B am (1 —pl )pl , ’U”(dl ) v”(bl )
RHS = -y V@) [v%df) - v’(b}f)}

Assumption 1 ensures that RHS = 0. Now, let us focus on the LHS. Since v(.) is
concave, we have v'(db) > v'(bL). Thus, a sufficient condition to ensure that LHS > 0
is:

0 1—p}
iy ) > b ()
=
pr—A(1—pp) 1=k =) > ppA(1—k(1—A) - (1-pp))
=
1 > A1-k(1-)N),

which is true. Q.E.D.

Appendix A.2.: Proof of Proposition 2

(a) ¢ plays no role in P, and affects neither individual utilities nor aggregate welfare.

We have
OVip _ Vihp _

= =—1
09 0¢
so that o
P— _N—-k(1- .
96 1—-k(1-XN)]<0
(b)
8;‘;13 = AVip+ (1 =NUL—Vip

OV OVip
+(1—k) 9%k + kA 5%
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where the first line is the “composition effect” whose sign is positive,
AVirp + (1= UL = Vip
= A [pyo(dp) + (1 = p)o(bp)] + (1 = Moy —prm) = [pyo(dp) + (1 = py)v(bp)] + (1 = X) ¢*
= o(dp) iy — piy) + 0B AL = ply) — (L= py)) + (L= Aoly — prm) + (1= \) ¢
= (1=X) [v(y —prm + ") — (pro(dp) + (1 = pr)v(bp))] > 0,

while the second line is negative, since

oV . Opt . . 4 .
P = —apEm (phv/(db) + (1 - piy) (b))
i AP —p i i i i
= —Oép(1 —(kH(l — i;)ﬂn (pp'(dp) + (1 = py) o' (bp)) <0,
and
ovy, i APy —pr) i i i i
T kH(l " ) (1P V)
+ w1 ) (dh) — (1= piy) P (6p)] <0,

resulting in an ambiguity as to the overall sign of OW}/0k.

Appendix A.3.: Proof of Proposition 3

We denote by IC¥ for (i, j) € {0,1}? the incentive compatibility constraint (5) when it
holds with equality.

We first prove the following lemma, which describes how the coverage rate devised
for U varies with the effort cost, ¢, in ' and S%', and compares the coverage rates in
the two cases.

Lemma 1 (a) aff < 1, (b) ail is constant with ¢, (c) o' decreases with ¢ when
o <1, and (d) ot < ol for ¢ = ¢35

Proof. (a) a}gl < 1 is a necessary condition for (5 with i = j = 1 to hold since
Pl > pir-
(b) ¢ cancels out in both the LHS and RHS of (5) with i =j = 1.
(c) If &2 < 1, applying the implicit function theory to (5) with (i = 0,j = 1), we obtain
that o1

Oarg -1

00"~ m [y (1 =) v/ (dffs) — (1 =) p ()]

(8)
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whose sign is negative since v'(d)ig) > v’ (bYl) and pY (1 —p¥;) > pd (1 —pY%).
(d) ICY yields
viey) = pro(dys) + (1 - pi)o(bys), (9)

while 10, when measured at ¢ = ¢35, yields

v(cyy) = piro(dys) + (1= ph)v(bYs), (10)
where 4 '
Cy =y —pgm.
Let us consider the following function G(a, ) such that
G(a,8) = v(y— (P —6)m)
—(p(}{—é)v(ijoz(l— (()\(pOH—5) +(1=XA)pr)))m—m)
= (1= (prr =) v(y—a((A(ph —0)+ (1= Npr))m).

Observe that (9) corresponds to G(akt, A) = 0 while (10) corresponds to G(a2',0) = 0.
Using the implicit function theorem, we have that

do  9G/d5
s 0G/oa’
We obtain:
~dG/95 m'(cy) — [v(bils) — v(diis) + Aagim [piv'(difs) + (1 — p)v' (b)) |
G /da m [pl (1 — pl)v'(dis) — (1 — ply)pbv' (05s)] '

As pH > pU, d11 < b]L and v(.) is an increasing and concave function, the denominator
18 positive. Then we hcwe aosl < a}gl, if and only if:

mv' () > [v (bifs) — v(difs) + Aag'm [P}Jvl(d%fls) +(1— p}I)U/(bllle)H .

Moreover, from IC', we know that:

U(bzlfls) - U(C}{) = p}{ [U(b%}s) - U(d%}s)] .
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Introducing this last expression in the previous inequality yields:

m [V (cy) — Aapisv (bs)] = v(byls) — v(diis) + Aagrsdpir [V (ds) — V' (bis)]

=
mv'(c}q) [1 — )\oquls] + )\a}glm [v'(c}{) — U'(blljls)]
v dll — bll
= ) =t [ oo [ =)

=
mfu/(c}{) [1 — )\alUls]
v’(cllq) — U/(blljls)
[t [ =0

> U(blljls) —v(ey)
~ V(ey) =V (bifs) Lok v(dgs) = v(byrs)

The generalized mean value theorem implies that:

+ )\Oé[l]lsm

v(blls) —v(ch) _ V()
V(ehy) — v Ols) ()

and
v'(dfs) = ' (bfs) — v"(B)

v(dil) —o0l)  w(B)’
with v € [c}q,b%}s] and B € [dlljls,bbls]. Assuming that v(.) is a CARA function, we
obtain that

v'(7) 1
- = =K.
vy )

Then, the previous inequality can be rewritten:

mv'(ciy) [1 — Aayg] 11 1 i, 1
Vel oy o =k [pH #aatlm |
=
mv/(c}{) [1 — )\a%}s] -

K
v'(c) — v/ (bly) Pl
Again, the mean value theorem implies that

V(ey) — ' (bys) = v"(C) (pir — as'py) m,
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with ¢ € [c;,blls]. Due to the concavity of v(.), we have v'(c};) > v'(¢). Then, a
sufficient to ensure the previous inequality is:

mv'(€) [1 = Aajfg] - K

v"(C) (pj — ak'py) m Piy
&
pir [1 =g’ (bys)] = (i —aspy) -
&
My < ph

which is always satisfied. m

We are now in a position to prove formally Proposition 3. We first prove that the
equilibrium is S for ¢ < ¢3. and SO for ¢7. < ¢ < ¢35, (Parts (i)(a) and (ii)(a)
of Proposition 3). We proceed in three steps: (1) Type U has larger utility with
contract with effort (as determined by IC'!) than without (as determined by IC°!)
when ¢ = 0; (2) Both utilities continuously decrease with ¢, but the utility with effort
decreases faster; (3) Type U has a larger utility without effort (/C%') than with (IC!)

when ¢ = ¢§’1ax‘

1) Type U has larger utility with contract with effort (as determined by
IC') than without (as determined by IC%') when ¢ = 0.
Taken at ¢ = 0, IC'! and IC imply that

p}qv (y + a151 (1 —p}]) m — m) + (1 — p}q) v (y — aélpbm)
= p%v (y + Oé?gl (1 —p?]) m — m) + (1 —p%) v (y — a%lpoUm)

which is equivalent to

I [U(dll ) — (d?JlSﬂ =+ (pH pH) v(dg's)
= w(bpls) —v(bys) + pir [v(bi's) — v(b's)] + v(bfs) (i — Pr)

i [v(difs) — v(dpis)] + (1 —pg) [v(bis) — v(b(s)]
= (ph — Pr) [o(0s) — v(dis)] - (11)
We need to show that

pov(dys) + (1= p)o(bys) = pho(dys) + (1 —pg)o(bys)-
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This inequality is equivalent to

pur [v(dis) — v(dpis
(bU )—’U(bUS +

] +A (PH pH) (d(l)JlS)
pu [ —v(bgis)] + A (pr — Pr) v(bgs)

v

Apip [v(difs) — v(dfs)] + (1= pyr) [v(bris) — v(bpis)]
> X(py — P [v(bifs) — v(dfs)] -

Multiplying both sides of (11) by A, we obtain

Apgr [v(dits) — v(dRfs)] — A (i — Pr) [v(brs) — v(dis)]
= M1 —pp) [v(bfs) — v(bfs)] -

Then, the previous inequality can be rewritten:

AL = pp) [v(b7s) = v(bers)] + (1 = prr) [o(bers) — v(bis)] > 0
=
(1= (1= pr) [vlbrs) —v(bps)] = 0,

which is true. Q.E.D.

2) Both utilities continuously decrease with ¢, but the utility with effort

decreases faster.

so that V[}}g > VL% for ¢ < qzbim and V[}g for ¢ > ¢

By definition, VU 5= Vg when ¢ = ¢°. . We now show that

ovEL _ oVl
9 " 9

(12)

min*
As alsl is constant with respect to ¢, the 1nequahty (12) is equivalent to:

0
;;5 Y (1 *P(()J) [U/(d(()}s) - U’(b(()}s)] < 1
<
mpp; (1= pfy) [V (dPfs) — ' (bs)] -
m [pYy (1= pgy) v'(difs) — (1= pYy) ppo'(0g)s)]  —
<
(08 = Y] o' () < V' (dYs) (1 —pt) [Ph — U]

which is always true.

33



To prove that qﬁiin exists and is such that 0 < ¢°. < ¢2. ., we must show that

min max’

Vil > V9L for ¢ = 0 while Vi}L < V9, for ¢ = ¢5,.. QE.D.

3) Type U has a larger utility without effort (IC°') than with (IC'') when

¢ = ¢§1ax'

Formally, we need to show that for ¢ = ¢

max-*

puv(dis) + (1= pp)o(bys) — 6 < plo(dys) + (1 = pgr)o(bs)-

Since ¢ = ¢ . IC% can be rewritten

v(cl) = phv(dits) + (1= pi)o(bis).-

Then, taken at ¢ = ¢, the previous inequality yields:

max?

prv(dys) + (1 — pp)v(by's) — vicy) < poldys) + (1 — pir)o(bils) — v(cy)
—
pro(dils) + (1= pp)o(bis) — [prvl(ds) + (1= py)v(bis)]
< ppo(dys) + (1 — pi)v(bts) — [Pho(ddls) + (1 — ply)v(bfs)]
—
(pir — 1) [v(biis) — v(difs)] < (Pl —pr) [v(bls) — v(dDs)] -

As pY > ph, ol < al! (see Lemma 1 (d)) so that the previous inequality holds.
Q.ED.

Part (i) (b) of Proposition 3 is proved in Lemma 1 (a) and (b).

Part (ii) (b) of Proposition 3

V\éel need to prove that ozosl < 1 for ¢ = gbglm. The incentive condition that determines

OéS 1S:
v(y —pgm) — ¢ = phrv(dd) + (1 — ph)v(bg).
Substituting ¢ by qﬁiin yields:
v(y = pm) — [pro(ds') + (1= py)o(bs') — (PHo(dd) + (1 — p)o(b8))]
= pyo(ds) + (1 - pl)v(bg).

Introducing IC!'! gives:

(ph —pr) [v(ds') —v(bs)] = (Pl — pr) [v(dg) —v(bg)] -
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Since a}ql < 1, we also have that a%l <1
Part (ii) (c) of Proposition 3 is proved in Lemma 1 (c).

Part (iii) of Proposition 3: aj' and a2 are respectively determined by IC'! and
ICY | respectively. Combining these two conditions yields:
P (difs) + (1= ) v (0s)
= ppvldys) + (1= pi) v (br's) — ¢-
Using ¢ = ¢r€11n’ we obtain:
o (dis) + (1= pyr) v (b7s)
= [ptv (durs) + (1 = pty) v (by's)]
= ppv (dys) + (1= p) v (bs)
= (ppv (dos) + (1= pv) v (brrs)) -
Let us consider the following function:
', 6) = (p% 75)1) (y+a(1 - (()\ (p% —5) +(1- A)pL)))dfd)
+ (1= (Pl = 0)) v (y—a (A (Pl —0) + (1= Npr)) d)
—APE =)+ @ =Np)v(y+a(l—((A(PY —0)+(1—A)pL)))d—d)
= (1= (A (P = 8) + (1= Npr))) v (v = (A (P = 6) + (1 = N)pr)) d)) -
The equation (13) can then be rewritten as
' (ag,0) =T (', A).
Now, let us apply the implicit function theorem. We obtain:

da  0U/35
ds — OT/oa

_ v(bys) — v(dys) + ad (ppv'(dys) + (1= pp) v'(by's))
d [pk (1 =pp) o' (diis) = (1 =p) iy’ (btis) — [y (1 =) (v (dis) — o' (byrs))]]
N A (v(by's) = v(dys))] + ard (pyv'(dys) — (1 = py) v'(bys))
d [ply (1= pp) v (dyis) = (1= piy) ppv' (bs) = [py (1 =) (' (dgfs) =" (b))
[l @] (LX) +ad (vl — p) () 0l)]
d(py —rp) [(1=pp) v (dys) +piv’ (byis)] |

Consequently, we have a}gl < a%l for ¢ = d’iin-
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Part (iv) of Proposition 3
IC% is identical to IC°' when ¢ = ¢3,., and from Lemma 1 (d) IC% binds with

max?

equality with o < 1, where o takes the same value as o' when ¢ = ¢3,.. The
coverage rate a%o is constant with ¢ > ¢ since ¢ does not appear in 1C%. Hence,
VL(,]OS is constant with ¢ as long as ¢ > ¢°

max-*

IC" is identical to IC'" when ¢ = ¢35, and from Lemma 1 (d) IC'0 binds with

max?

equality with a}go < 1, where a}gO takes the same value as aé} when ¢ = ¢ . We know

max-*

from the proof of part (ii) (a) above that VY% > V% when ¢ = ¢5,.. We now prove
that this inequality remains true for any ¢ > ¢, because V[}OS decreases with ¢.
Using the implicit function theorem on IC'9, we obtain that oz}gO increases with ¢. As
¢ increases, the first term in the RHS of IC'° then increases with ¢, while the second
term decreases. Comparing the RHS of IC'? with the definition of V[}g (see equation
(6)), we see that they only differ in the weight put on the two first terms. As plU < p}q,
it is easy to see that V(}OS decreases with ¢.

Note that, when ¢ becomes large enough, we may obtain that 7C'° holds with a strict
inequality even with a}go = 1. In that case, increasing further ¢ has no impact on aép

and thus also decreases V(}OS. Q.E.D.

Appendix A.4. Proof of Proposition 4
We first prove that, when H exerts an effort at equilibrium (i.e., with both S°' and
S, welfare decreases with ¢ and increases with .

When H makes an effort, the (utilitarian) welfare function is given by:

WE = (1-k)VYs+ kg +EQ1 - NV
k[(1—= MV + AV — V] + Vi, (14)
i = {0, 1}, where utility levels for types L, U and H are given, respectively, by V7, (see

equation (5)), V(;JS (see equation (6)), and ngrs (see equation (3)).
With S, the derivatives with respect to ¢ and k are respectively:

11
axg;f — [l—k(1-N]<0,
8W11
ak:s Mg+ (1 =NV — Vi,
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Using the definition of a}', we have:

oWl
ok
= A [p}ﬂ(d%}s) + (1= pp)o(biis)] + (1 = Moy — prm) — [pyo(dy's) + (1= pir)v(bis)]
v(difs) Ay — py) + v(biis) AL — piy) — (1 —pir)) + (1 = No(y —prm) + (1 - X) ¢
(1= X) (v(y — prm) + ¢) — (1 = Nprv(dyls) — (1 — A)(1 — pr)v(bis)
(1=X) [v(y — prm) + ¢ — (prv(dys) + (1 — pr)v(by's))] > 0.

With SO, the derivatives with respect to ¢ and k are respectively:

01 d 01
O~ R+ (= R - plm

(v'(dpfs) — ' (bfs)) <O,

ol d¢
awol
aks Mg+ (1 =NV — V2 — Ao > 0.
Using the definition of a2, we have:
an
S = Aol + (1 - et + (L= Nely — pom) — [e(dlls) + (1 - p)o(tfs

= v(dy) (WY — pY) + o(bg's) (AL = pY) — (1= p)) + (1 = Moy — prm)
(1= Nv(y —prm) — (1 = Npro(dls) — (1= N)(1 = pr)v(bYs)
(1= ) [vly — pm) — (prv(difs) + (1 — pr)o(bYs))] > 0.

We now prove that, when H makes no effort (i.e., with equilibrium contracts S%),
welfare is not affected by ¢, and increases with k.

With S%, utility levels for types U and H are given, respectively, by Vgos (see
equation (6)) and Vj}4 (see equation (3)). Utilities as well as the coverage level o’ do
not depend on ¢ nor on k. The welfare function becomes:

W = (1 — k)VIS + kEAVig + k(1 — NV,

and we obtain:

aWoO
aks = A\Vig+ (1 =NV, — V%
Using the definition of a2’, we have
WS\ [oyo(dls) + (1 — P o(b5s)] + (1= Aoy—pom) [l o(dls) + (1 — p)o(bt%s)]
ok ppvlays PH Us Yy—prL pyvlags Py Us)|»

so that the rest of the proof is identical to the proof for S°!, with an appropriate change
of indices.
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Appendix A.5.: Proof of Proposition 5

The following lemma will prove helpful in proving Proposition 5.
Lemma 2 Under Assumption 2, a}; =0 for k close enough to one.
Proof. The coverage rate of the pooling contract P! is determined by
pt (1= pp) v'(dp) — (1 = pyy) ppv' (bp) < 0.
When k = 1, this condition becomes:
pu (1= pp) v'(dp) — (1 = py) o' (bp) <0,

which is satisfied with a strict inequality for a}, = 0 under Assumption 2, so that, given
Proposition 1 (v), al, - 0fork— 1. =m

We now prove Proposition 5 in 5 steps.

(1) Whatever the value of ¢, the equilibrium contract is either the pooling one preferred
by U (either P° or P') or the separating one preferred by U (5%, S9! or S'1).

(2) The utility of U with a pooling equilibrium is strictly decreasing in k, while its
utility with any separating equilibrium is independent of k.

(3) When k tends towards 0, the pooling equilibrium tends to full coverage with
actuarially fair price. This is the highest utility type U can get. At the same time, the
separating contract proposes either partial coverage and/or a distortion of the prevention
decision. Hence, the utility of U is higher with pooling.

(4) As k tends towards 1, the price of the pooling contract increases and reflects
type H'’s risk, which is higher than the price of the separating contract. Lemma 2 and
Proposition 1 (iii) establish that, when k is large enough, we have that a}g = a(])g = 0.
We then have that U prefers the separating contract with some coverage to (the pooling
contract with) no insurance.

(5) Given (2), we have the unique, strictly positive, threshold k().

Appendix A.6.: Proof of Proposition 6

Proof. (a) The utility of U under P° and under S is not affected by ¢, which then
plays no role in the comparison of utilities. The utility of U under P! and under S'!
is affected linearly by the value of ¢ (because the coverage rate is not affected by ¢ in
P! nor in S'1), so that the ¢ term cancels out when comparing the two utilities, and ¢
plays no role in determining the value of l;:(gi))

(b) The utility of U under PP is not affected by ¢, while its utility under S°* decreases
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with ¢ (because the coverage rate decreases with ¢). Using the implicit function theo-
rem, we obtain that k(¢) increases with ¢.

(c) The threshold k is determined by the equality Vi}p(k,¢) = V2%(¢), which corre-
sponds to

pyv(dp) + (1 = pgr)v(bp) — ¢
= p?]v (y + a%l (1 —p?]) m — m) + (1 —p%) v (y — a%lp%m) ,
with a}; and aosl respectively given by:
py(1—pp)v'(dp) — (1 — py)ppv’ (bp) =0
and
v(y —pym) —é =ppo (y+ag (1 —pg)m—m) + (1 —pg) v (y — agpym) .

Static comparatives yield:

doi _ -1 <0

d¢ m [pY (1 —pg;) v'(dRfs) — (1= pYy) o' (0s)] 7

dop _ (1=NA(py —pL) phv'(db) + (1= ph)v' (b))

an F=RA=N b1 = )0 (dh) + (1= ph) (o) 0" (b))

Consider the following implicit function:
[ (ko) = pholdp)+(1—ph)p) -6
—[pov (y+a§ (L—pp) m—m) + (1-pY) v (y — ag'pym)].
The implicit function theorem yields:

dk _ 0r/o¢
dp — or/ok

The numerator gives:

or _ pi (1= py) (v'(dirs) — v'(0)s))

0¢ Py (1= py) v'(difs) — (1= ply) pio' (0s)
Regarding the denominator, we have:

or _ —apA(py —pL)
ok 1—k(1-X

-1+ < 0.

[pyv'(dp) + (1 — py)v' (bp)] < 0.
We then obtain that dk/d¢ < 0. m
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Appendix A.7.: Proof of Proposition 7

Before proving the proposition, we introduce additional notation that will be helpful in
this Appendix and the next. We denote by (k*, ¢*) the unique (in Figure 1) intersection
between ¢p(k) and k(¢). We denote by kg (resp., k11) the value of k(¢) when ¢ > ¢,
(resp., when ¢ < gbrsnin). Both ko and k1 are independent of ¢ (provided of course that
¢ is in the relevant range) as shown in Proposition 6(a). From Figure 1, we obtain that
k* < ];300 < ];’11.

We now prove Proposition 7.

Proof. We know from Propositions 2 and 4 that a lower value of ¢ either has no
impact on types U’s and H’s utilities, and thus on aggregate welfare (in cases P° and
S99 or that it increases types U’s and H’s utilities, and thus aggregate welfare (in
cases P!, S% and S'1).

Note that, by definition of an equilibrium (which maximizes the utility of type U, given
the relevant constraints), the utility of type U is continuous with ¢ as one moves from
one equilibrium type to another. We then concentrate on how type H’s utility (and
aggregate welfare) is impacted by ¢ as one moves from one equilibrium contract type
to another.

We first establish that H’s utility remains continuous as one moves from one separating
equilibrium to another: there is no discontinuity in type H’s utility as (a) one moves
from a S to a S equilibrium contract, by definition of ¢ . (see equation (4)), and
(b) as one moves from S to S°', since H’s utility does not depend on the effort level
required from type U (see equation (3)). Hence, aggregate welfare is also continuous for
these moves.

We have discontinuous increases in H'’s utility as one moves from P% to P! (see Result
1 in Appendix A.8.1.), from S to P° (Result 2 in Appendix A.8.2.) and from S to
P! (Result 3 in Appendix A.8.3.). In these cases, we also have a discontinuous increase
in aggregate welfare. m

Appendix A.8.: Proof of Proposition 8

We know from Proposition 5 that a low value of k is associated with a pooling equilib-
rium, and from Proposition 2 that types U’s and H'’s utilities decrease with k, while the
impact on aggregate welfare is ambiguous. As k reaches ]2‘((;5), we move from pooling to
separating equilibrium, each time resulting in a downward discontinuity in H’s utility
(and thus in aggregate welfare): (i) from P° to S° when ¢ > ¢2.. (see Result 4 in
the Appendix A.8.4. below), from P° to S°' (when ¢* < ¢ < ¢3..) (see Result 2 in
Appendix A.8.2.), from P! to SO (when ¢2. < ¢ < ¢p(0) and when Assumption 3

holds) (see Result 3 in Appendix A.8.3) and from P! to S'! (when ¢ < ¢ ) (see Result

min
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5in Appendix A.8.5).17 In the case where b p(0) < ¢ < ¢*, the equilibrium first changes
from PY to P! (with an upward jump in H’s utility and in aggregate welfare, see Result
1 in Appendix A.8.1) and then from P! to S°!. Finally, as k further increases, we
remain in a separating equilibrium (see Proposition 5), where utilities are not affected
by k, but where a larger value of k increases aggregate welfare thanks to a composition
effect (see Proposition 4).

Appendix A.8.1.: Result 1

Result 1 There is an upward discontinuity in H’s utility from P° to P' when U is
indifferent between the two.

Proof. We have to prove that

0 _ /1 0 1
Vor =Viop = Vap < Vip.

We have:

VI?P = V(}P
puo(dp) + (1 —pir)v(bp) — ¢ = ppro(dp) + (1 — py)v(bh)
¢ = pyo(dp) — pro(dp) + (1 —pir)v(bp) — (1 — pr)v(bp).

Proving that
Virp < Virp

is then equivalent to proving that

prro(dp) + (1= py)obp) < pyuldp) + (1 — py)v(bp)
—pyo(dp) = (1= py)v(bp)
+ppo(dp) + (1= ppr)o(bp).

Regrouping terms, this is equivalent to

(Y — oY) [v(P) —v(dP)] > (ph —piy) [v(bp) — v(dp)],

which holds if
v(b%) — v(dp) > v(bp) — v(dp), (15)
since
Py — ot = (1= N0 —pr) >y — b = (1= A)(pir — pL)-

17As in Proposition 7, Assumption 3 is a sufficient condition to sign the discontinuity in H’s utility
(and thus in aggregate welfare) when moving from P* to S°'.
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Note that, thanks to the concavity of v(.), inequality (15) holds if d% > d} together
with b% — d% > bL, — dL. We have that

bY —d%:d(l—aopm)>b}3—d}3:m(1—a}gm)

since o < ab (see Proposition 1 (iii)), and that d% > d} since pb < p%. =

Appendix A.8.2.: Result 2
We first have to prove the following lemma.

Lemma 3 We have that aP > aS when VUP = V(% when Assumption 3 holds.
Proof. Note that a s not affected by k, while 0493 decreases with k, starting from
0493 =1 when k=0 (since in that case pOP = p%). Assumption 8 implies that p}{ > p%,
which in turn implies that a2 < 1 (since IC® is violated when ot = 1). We know
that VL(,)P is decreasing in k while VUOEQ s not affected, so that there is a unique value of
k such that V[?P = V(%. It is easy to see that aOP = ozosl implies that VUOP < VUO}g (since
p(}; > p% implies that dO < d%l and that b(}g < b%l). We then have that Vl(])P = V(%‘
implies that ap > O‘S
|

Result 2 Under Assumption 3, there is a downward discontinuity in H’s utility from
PO to SO when U is indifferent between the two.

Proof. To prove Result 2, we have to prove that

0 _ o0l 0 1
Vor = Vus = Vap > Vis-

We have
Vip = Vis
& pholdp) + (1= pi)o(bh) = po(dy; )+(1—p?f)v(b?}s)
s pp [o(dp) —v(ds)] + (1 —pp) [v(bp) —v(bys)] =0. (16)

Proving that
Vitp > Virs
is then equivalent to proving that
pHv(dp) + (1= py)v(bp) > pho(dys) + (1 — py)v(bys)

& Py [v(dp) —v(ds)] + (1 —ply) [o(bh) — v(bs)] > 0. (17)
We know that p?; > pOU > plU and we know from Lemma 3 that aOP > aS when
Vip = VL, which together imply that b% < bls. From (16), we obtain that d% > dP%,
so that (17) holds since p% > p?;. =
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Appendix A.8.3.: Result 3

We first prove the following lemma.

Lemma 4 We have that ap > a ! when VUP = VUOEV when Assumption 8 holds.
Proof. By Assumption 3, the Pl contract is more expensive than S for type U,

and moreover entails that type U pays the effort cost in P but not in S°'. For U to

be indifferent, it must then be the case that P' offers more coverage than S°' (recall

that the coverage level in P is the most-preferred one of U, while U is rationed in SO
because of IC"1). m

Result 3 Under Assumption 3, there is an upward discontinuity in H’s utility from
SO to P! when U is indifferent between the two.

Proof. We now have to prove that

1 01 1 1
Vior =Vos = Vap > Vis.

We have
Vi = VS
& pyo(dp) + (1= py)v(bp) — ¢ = pro(dyis) + (1= p)o(bs) — (18)
& ¢ =pyuldp) — ppo(dys) + (1 —py)v(bp) — (1 — pgr)v(bs)-
Proving that
Virp > Viis
is then equivalent to proving that
Prro(dis) + (L= pi)v(0ls) < pro(dp) + (1 = pip)o(bp)
—pyv(dp) — (1= pi)v(bp)
+piru(dts) + (1 — pY)v(bys)-

Regrouping terms, this is equivalent to

(P — 1) [v(0s) — v(dis)] > (i — pi) [v(bp) — v(dp)]
< (o —po) [vbls) — v(dis)] > (pir = pi) [v(bp) — v(dp)] (19)

since
Py —pl =1 -N0Y —p1) >ph — vt = (1—- NPy — pL)-
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Note that a};. > aosl together with p}; > p?] imply that b}g < b?}s If dP > dUS, then
(19) is satisfied.

We now show that (19) is also satisfied in the case where d < dJ}s. Note that, if (18)
is satisfied for some ¢ > 0, then we have that

ppv(dp) + (1 = piy)v(bp) > piro(dys) + (1 — py)o(bYfs)

& (Apy + Q= Npr) v(dp) + (1= (Apy + (1 = A)pr)) v(bp) >
(A% + (1= Npr) v(dis) + (1= (Wl + (1= N)pr)) v(bis)

& pro(dp) + A (py — pr) v(dp) + (1 — pr)v(bp) — A (py — pr) v(bp) >
pro(dis) + A (phr — pr) v(diis) + (1 = pr)v(by) ) X (P —pr) v(bys)

& M(pr —pr) (v(bp) —v(dp)) — (% — pr) (v(bifs) — v(dPfs))] < (20)
pro(dp) + (1 —pr)o(bp) — [pro(ds) + (1 —pr ) (bUs)]

If dl, < d?},, then the RHS of (20) is negative, and so is its LHS, so that (19) is also
satisfied. Q.E.D. m

Appendix A.8.4.: Result 4

We first prove the following lemma:
Lemma 5 We have that a% > o when V9p = V%,

Proof. Observe first that a2’ < 1 (this is already in Proposition 3(iv), and is easy
to establish since the effort level is the same —nil- for H and U in that case, so that the
only way to prevent H from mimicking U is by under-providing insurance to U ) while

OP =1 when k = 0 (since in that case pOP = p?]). We know that aOP 1s decreasing in k
while aoo s not affected by k, and that Vgp 1s decreasing in k while VUOOS is not affected,
so that there s a unique value of k such that V(?P = Vg%. It is easy to see that a% = agp
implies that VOp < VI3 (since p% < p¥ z'mplz'es that d% < d¥ and that b% < bY). We
then have that VéD = V[? implies that ap > aS [

We now prove the following:

Result 4 There is a downward discontinuity in H’s utility from P° to S%° when U is
indifferent between the two.

Proof. We have to prove that

Vip = Vs = Vip > Vs
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We have

Vi = W
& pyo(dp) + (1= py)o(bp) = ppo(ds’) + (1 - pi)o(0s)
& py [v(dp) —v(dg)] + (1 —ppy) [o(dp) — v(bg")] =0. (21)

We have that
Virp > Vis
& pho(dp) + (1= piv(h) > vy — pi)m = plo(d®) + (1 — ph)v(b) (22)

where the equality comes from IC% (equation 5). The inequality (22) can be reformu-
lated as

pir [o(dp) —v(d)] + (1 = ph) [0(bp) — v(bY)] > 0.
We know from Lemma 5 that aOP > a%o when Vg p= VUOOS which, together with p?; > pOU,

implies that b% — b2’ < 0. We then obtain from (21) that d% — d% > 0, and thus the
inequality (22) is satisfied since p}; > p?. m

Appendix A.8.5.: Result 5
We first prove the following lemma:

Lemma 6 We have that a}g > a}gl when V[}P = V(}}g
Proof. Same as Proof of Lemma 5, changing all superscripts 0 by 1. m

We are now in a position to prove:

Result 5 There is a downward discontinwity in H’s utility from P to S™ when U is
indifferent between the two.

Proof. We have to prove that

1 11 1 1
Vor =Vios = Vap > Vig.

We have
Vi = Vi
& ppo(dp) + (1= pi)o(bp) — ¢ = ppu(di's) + (1 — pp)u(bys) — ¢
& pl [o(dh) — o(dis)] + (1 = ply) [o(bb) — v(biis)] = 0. (23)
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We have that
Virp > Virs
& pyo(dp) + (1 —pi)v(bp) — ¢ (24)
> u(y —pg)m — ¢ = pro(dys) + (1 — py)o(bils) — 6,

where the equality comes from IC'! (equation 5). The inequality (24) can be reformu-
lated as

pir [v(dp) = v(dys)] + (1 = piy) [v(bp) — v(bys)] > 0.
We know from Lemma 6 that a}; > a}gl when V(} p= Vl}é which, together with p}; > p%],

implies that b} — bily < 0. We then obtain from (23) that db — dily > 0, and thus the
inequality (24) is satisfied since p}; > p};. =

Appendix B: Numerical example

This example is based on the following parameter values: pr, = 0.1, p(}{ =0.6, A =0.3
(so that p?J = 0.25), A = 0.25 (so that pt, = 0.35 and p%] =0.175), y = 5, m = 3, and
v(xz) = /x. With these parameters, we obtain that
E* = 0.077 < koo = 0.331 < k11 = 0.376,
2 = 0.044 < ¢p(0) = 0.054 < ¢* = 0.057 < ¢ = 0.199.

Figures B.1 to B.3 exemplify what happens, respectively, to the utility of types U
and H, and to aggregate welfare, when we vary ¢ while k* < k < kog. Starting from
large values of ¢, we obtain a PY equilibrium, where utilities are not affected by ¢.
We then switch to the S°' case, with a downward discontinuity in both H’s utility
and aggregate welfare. As long as we remain in S°!, utilities and welfare increase as ¢
decreases. We then switch to the P! contract, with an upward discontinuity in both

H’s utility and aggregate welfare. Utilities and aggregate welfare further increase as we
decrease ¢ while remaining in the P! case.

Figure B.1: Type U’s utility as a function of ¢, for k* < k < koo
Figure B.2: Type H’s utility as a function of ¢, for k* < k < ko
Figure B.3: Welfare as a function of ¢, for k* < k < koo

We show in Figures B.4 to B.6, respectively, the utility of types U and H, and
aggregate welfare, as a function of k when ¢p(0) < ¢ < ¢*.
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Figure B.4: Type U’s utility as a function of k, for QNSP(O) << P
Figure B.5: Type H'’s utility as a function of k, for gZ;p(O) <P < oF

Figure B.6: Aggregate welfare as a function of k, for ¢p(0) < ¢ < ¢*

Welfare in that case is highly non monotone in k: it first decreases with k in the
P contract (because of the price effect), then increases discontinuously with k& when
one moves from PY to P! (thanks to the increase in H’s utility), then increases with
k in the P! contract (thanks to the composition effect), decreases discontinuously with
k when one moves from P! to S (because of the decrease in H’s utility), and finally
increases with k in the S°! contract (thanks to the composition effect).
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SOO

Figure1: Separation between P?, P*, s%, s and s** contracts in (k, ¢) space
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Figure2 :

Utility of U (above) and H (below) as a function of k when ¢ [k] = ©0.29 -0.8k
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FigureB .1: TypeU' s utility as a function of ¢, for k™ < k < Kgg
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FigureB .2 : TypeH' sutility as a function of ¢, for k* < k < kgp
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FigureB .3 : Aggregate welfare as a function of ¢, for k* < k < Kgg
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FigureB .5 : TypeH' sutility as a function of k, for ¢, (0) < ¢ < ¢*
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FigureB .6 : Aggregate Welfare as a functionof k, for ¢, (0) < ¢ < ¢*
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