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Abstract

In the absence of a perfect risk adjustment scheme, reimigungalth
insurers’ costs can reduce risk selection in communitgerdtealth insur-
ance markets. In this paper, we develop a model in which@nsutetermine
the cost efficiency of health care and have incentives f@rg#dection. We
derive the optimal cost reimbursement function which bedanthe incen-
tives for cost efficiency and risk selection. For health cadt from a Swiss
health insurer, we find that an optimal cost reimbursemen¢se should
reimburse costs only up to a threshold.
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1 Introduction

Risk selection is a major concern in community-rated heaklirance markets.
Insurers have an incentive to discriminate against higksrend to attract low
risks in such markets since they are not allowed to charggebased premiums.
To avoid risk selection, regulators frequently impose op@iollment, define stan-
dardized benefit packages and implement risk adjustmeminsefr However,
these measures may not reduce incentives for risk selestiticiently. In this
case, reimbursing health insurers’ costs can be useful.e Hegulators face a
selection-efficiency trade-offNewhouse (1996)]. Lower incentives for risk se-
lection will be accompanied by less cost efficiency.

Although the possible benefits of cost reimbursement arergéy recognized,
there has been little theoretical work on the charactessif an optimal cost re-
imbursement function. Usually cost reimbursement is ggimas a “mandatory
reinsurance program with regulated reinsurance premiivasi’de Ven and Ellis
(2000, p. 818)]. This analogy suggests that optimal costlvarsement is simi-
lar to an optimal insurance contract. Here Arrow (1974) aa&iR(1979) have
shown that full or partial coverage above a deductible igwogit For optimal cost
reimbursement this implies that costs should only be remsgmiabove a thresh-
old. Thisoutlier risk sharingis used in practice. In Germany, for example, 60%
of individual health care costs which exceed a thresholg 21,352 were reim-
bursed in 2008.

In this paper, we treat cost reimbursement amaantive problemWe analyze the
problem of a regulator who wants to find the optimal balande/een incentives
for cost efficiency and risk selection. On the one hand, Ersucan influence
medical costs by negotiating lower prices with providerd ay checking medical
bills carefully to limit unnecessary treatment or upcodifg do so, they have to
exert higher effort. On the other hand, insurers spend resswon risk selection.
Therefore, health insurers have to cover three kinds oscostdical costs, effort
costs, and risk selection costs. The regulator’s aim is tormke the sum of these
costs by the choice of the cost reimbursement function tp kealth insurance
premiums as low as possible.

We characterize the optimal cost reimbursement functiothie setting and show
that at the optimum the marginal reimbursement rate is eflher 100%. We



also find that it can be optimal to reimburse costs only up tbrashold, but

not above, i.e., additional costs above the threshold ddeaat to further cost
reimbursement. This is the opposite of outlier risk shaang shows that the
theory of optimal insurance does not carry over to optimat eceimbursement
to reduce risk selection. Indeed, for a data set of health casts from a Swiss
health insurer, optimal cost reimbursement does not relgenuitlier risk sharing,

but reimburses costs only up to a threshold.

The paper is structured as follows. In Sectidn 2, we discossntive schemes
to reduce risk selection and place our analysis in the comtkeihe literature.

Sectior B presents the model. The optimal cost reimburseimenula is derived

and discussed in Sectiéh 4. In Sectidon 5, we present two deamapd calculate
optimal cost reimbursement formulas based on data from asSwgalth insurer.
Sectior 6 summarizes the results and concludes.

2 Incentive schemes to reduce risk selection

Most of the literature on incentive schemes to reduce rigcten in health in-
surance markets has so far focused on risk adjustment. Mapyrieal studies
have examined the properties of possible risk adjusteesjae de Ven and Ellis
(2000) for a survey]. Risk adjustment schemes equalizero@isie differences in
average costs by basing transfer payments on predictethlezak expenditure
conditional on the values of the risk adjusters. Glazer anGMre (2000, 2002)
and Frank et al. (2000), however, show that this approacbtisptimal if observ-
able characteristics are only imperfect signals for irdinal health status. A risk
adjustment scheme which takes this into account can be mocé effective in
reducing risk selection. A further proposal has been adéihy Barros (2003).
He shows that an ex-post fund can in principle avoid riskcdEe without com-
prising on cost efficiency.

However, it remains unclear whether risk adjustment sclsemex-post funds can
sufficiently reduce risk selection. The main problem is taglability of data. Of-
ten, only few characteristics such as age and gender cdy kasibtained. Even
if further indicators, in particular diagnostic informaiti, are used to improve cur-
rent risk adjustment schemes, risk selection may still lghligiprofitable [New-
house (1994)]. The same problem applies to ex-post fundBatos (2003, p.
437) points out, it must be possible to assign spending ofrérs to specific dis-
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eases. Without detailed diagnostic information, ex-postl will therefore not
be able to rule out risk selection. For this reason, thereéslrior second-best so-
lutions which balance the selection-efficiency trade-off eimbursing insurers’
costs can be usefﬂl.

Several forms of cost reimbursement have been proposeckifiténature [see
van de Ven and Ellis (2000), Section 4.1]. On the one handethee cost reim-
bursement schemes which apply to all individuals and ardasito reinsurance
contracts. These include outlier risk sharing and propnodt risk sharing which
reimburses a fixed percentage of all costs. On the other famads of cost reim-
bursement have been put forward which are limited to a spegriﬁudg Van de
Ven and van Vliet (1992) proposisk sharing for high risksvhich allows insur-
ers to designate a specified percentage of their insuredHtatwvall health care
costs will be reimbursedRisk sharing for high costis considered by van Barn-
eveld et al. (2001). Under this scheme, all health care aistspredetermined
number of individuals with the highest actual costs are pgithe regulator.

In empirical studies, van Barneveld et al. (1998, 2001) camaphese selective
forms of cost reimbursement to outlier risk sharing and prpnal risk sharing.
They find thatrisk sharing for high risksas well agisk sharing for high costss
superior in reducing incentives for risk selection to artlisk sharing and propor-
tional risk sharing. These forms of risk sharing are moreai¥e in reimbursing
only the costs of high-risk types without sharing the co$tew-risk types.

In our analysis, we start from the assumption that the castngrsement scheme
applies to all individuals. As opposed to the existing &tere, we do not base
our cost reimbursement function on reinsurance principtetead, we formulate
a model and derive the optimal cost reimbursement funct@ur result can be
compared directly to other formulas which apply to all indivals, in particular
to outlier risk sharing. We cannot say whether our approactuperior to the
selective forms of cost reimbursement. In future studiedifférent cost reim-
bursement approaches, it would be interesting to compskesharing for high
risks or high costs to our optimal cost reimbursement amgtroa

IMarchand et al. (2003) show that prior expenditure can adsa iseful risk adjuster to reduce
risk selection.

2A further possibility is to make cost reimbursement depahd® a medical condition [see
van de Ven and Ellis (2000, p. 822)].



3 The model

3.1 Basic assumptions

We analyze a perfectly competitive health insurance mamkehich the regulator
wants to make medical services available to all individaas price independent
of their risk type. This objective can be motivated by thepiple of equal access
[see Hurley (2000, p. 89-90)]. It can also be justified by treximization of a
social welfare function. In a general framework includireatih and productivity
differences, Cremer and Pestieau (1996) have shown tHatomealth insurance
premiums are optimal if health and productivity are positpcorrelated.

The regulator implements the equity objective by commurating and open en-
rollment, i.e., he requires insurers to quote a uniform puemfor all their insured

and to accept all individuals applying for insurance. Fenthore, insurers offer
a standardized health insurance package. Having takerotagity concerns,
the regulator’s problem is to ensure an efficient provisibhealth insurance. He
therefore must consider possible efficiency losses dueskaosglection. Here, we
assume that the regulator is able to enforce the provisionegfical care at the
desired quality. This rules out that insurers select riskslistorting the benefit
package [see Selden (1998, 1999), Glazer and McGuire (20@0Jrank et al.

(2000)]. Our focus is on direct risk selection where inssien identify the risk
type and spend resources to impose barriers for high-reéskiduals and to attract
low-risk individuals [Zweifel et al. (2009, p. ZSZE].

From an efficiency perspective, a key concern is that diigktgelection gener-
ates additional expenses by insurers which, in the end,hailk to be paid for
by individuals. The regulator’s objective is to reduce thegsts to the extent that
health insurance premiums remain as low as possible. Hecalssiders the in-
surers’ effort to control costs, e.g., by checking medidiéd more carefully or by
negotiating lower prices with providers. This effort mayrbduced by actions of
the regulator against risk selection. In the following, vgsuame that higher effort
e will decrease costs to treat an illness at the expense oft eftstsv(e) with

3For example, they may process applications of high riskg slowly or ‘advise’ that another
insurer is more appropriate for them. Low risks, on the otteard, may be captured by selective
advertisement or by offering supplementary benefits at@dist [see Kifmann (2006)].
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V(e) > 0andV’(e) > O.H Costs to treat a patient depend on the effort levashd
on the severityn of the patient’s illness where 9 m < M. We assume

C(e,m)=c(e)m, c(e)>0,c(e)<0,c"(e)>0. (1)

This cost function particularly fits a situation in whichumers negotiate a baseline
reimbursement factor with providets.

An individual can be a high risk or a low riskl. Expected costs of the high-
risk type are larger than expected costs of the low-risk.typlee proportion of
|-types isB. For each risk typec {I,h}, severitymis distributed according to the
distribution functionF(m). Since a substantial fraction of insured usually does
not use any health services during a certain period we altovir{0) > 0. We
assume the distribution function to be continuously dédferable for allm > 0
and label the respective density functit;(m)@ Form > 0 we have

m

Fi(m) = R(0)+ [ fis)ds.
0

Expected costs of each risk type given effort le¥ebrrespond to

M
Ei[C(e m)] :/c(e)mfi(m) dm with Ep[C(e,m)] > E/[C(e,m)]. (2)
0

For an insurer, whose sharelefypes among his insured & expected costs are

E[C(e,m)] = BE[C(e,m)] + (1 - B)En[Cle,m)]. (3)

4See Marchand et al. (2003) for a similar approach.

5The method we present in the following can also be appliethteraost functions. In footnote
[15, we point out the implications for the optimal cost reimgmment formula.

%To be more precise, we assume the distribution fundgom) to be continuously differen-
tiable for allm> 0 andmir(?+ F'(m) to exist; accordingly byfi(0) we meanmj(r)rl fi(m).
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3.2 The benchmark case: no cost reimbursement

Without cost reimbursement, a risk-neutral insurer witleresentative share of
the two risk types will chose the effort levethiat minimizes the sum of expected
treatment costs and effort costs:

é=argminE[C(e,m)] +Vv(e). (4)

e

With this effort level, the lowest premiui@ the insurer can offer is
P =E[C(é&m)|+V(é). (5)

If insurers were not able to practice risk selection, peéréeenpetition between
health insurers would lead to the same premium and indigédwauld choose
their insurer randomly because they offer the same qudiityeobenefit package.
Each insurer would end up with a representative share ofwbeisk types and
the premium to cover expected medical costs and effort euosttd be as stated
in (§). Comparing this premium to expected costs of tyghows that insurers
make an expected profit of

= E[C(em)]—v(e)— (E[C(em)]—v(e)) (6)
= E[C(em)] - E[C(e,m)
which is positive for an-type, sinceE[C(e,m)] > E|[C(e,m)], and negative for an
h-type.

These profits and losses create incentives for risk sefedtisurers will compete
for earning profitry and for avoidingt,. In the following, we assume that risk se-
lection cost®RSCare proportional to the absolute values of these profitghted
by the share of the respective types, i.e.,

RSC=a(6|m|+ (1-6)|m|) =a(6m — (1-8)m), a>0. (7)
Note that the term in bracket is equal to the mean absolutatit@v of costs

MAD — 6‘E| [C(e,m)]—E[C(e,m)]‘+(1—6)‘Eh[C(e,m)]—E[C(e,m)]
= 0[m|+(1-8)|m| (8)



which is used in applied research to measure the incentivesk selection [see
van Barneveld et al. (2000), Cummings et al. (2002)]. Weefme haveRSC=
aMAD.

The parametem measures the extent of risk selection costs. Lorenz (2008ys

that these risk selection costs can be interpreted as tkkeraetof a rent-seeking
contest between insurers with identical risk selectiohietogy. In this contest,
an insurer who invests more in risk selection than othemrarswill have a higher
share ofi-types among his insureds than in the population. In equili, how-

ever, all insurers expend the same resources on risk seleatid end up with a
representative share of the two risk types. With a standalddk contest suc-
cess function [Tullock (1980)], the sum of all investmemtsisk selection is — as
specified in[(¥) — a fraction of the sum of rents weighted bydhare of the risk

types.

Because insurers will end up with a representative sharislotypes in equilib-
rium, they will choose effore.” In the competitive equilibrium the premium will
therefore be

P = E[C(&,m)] + V() + aMAD 9)

and will cover exactly treatment costs, effort costs ankl sedection cos@.

3.3 Cost reimbursement

Given that risk selection costs drive up health insuraneenprms, the regulator’s
efficiency concern is to reduce risk selection cé8C= aMAD to a degree that
total average costs to organize and provide health care

AC(&) = E[C(& m)] + V(&) + aMAD (10)

and therefore insurance premiums are minimized. légtiee”effort level chosen
by insurers, may deviate from) the effort level in the absence of cost reimburse-
ment, due to the measures taken by the regulator to rdd8€e

’Note that an insurer does not gain by refraining from rislesin: Although he saves on
RSC this is more than compensated by the increase in treatnosig due to a higher share of
high risks; see Lorenz (2008).



If the regulator were able to observe the risk type, he coliidimate risk se-
lection costs without affecting incentives for cost effiag simply by collecting
E[C(é m)] from the insurer for each insured and payin@Jt&, m)] depending on
the risk typei. Insurers see = & because incentives for cost efficiency are not
distorted. With transfers equal to expected costs, exdgutefits for both risk
types are equal to zero and incentives for risk selectioelarenated completely.
Thus, the insurer collects the premidfnreceives a net payment ofE(é m)| —
E[C(é m)] for eachh-type from the regulator, and pay$§&eé m)| — E [C(& m)| to

the regulator for eachtype. The regulator breaks even since

6 (E[C(&m)] —F[C(ém)]) — (1-6) (En[C(&m)] - E[C(ém)]) = 0. (11)

In the following, we assume that the regulator cannot idigtiie risk type and is

therefore not able to implement a perfect risk adjustmemeise. Neither can he
observee norm. However, he observes treatment c@stnd knows the distribu-
tion functionsk; (m) for each risk typ@ This last assumption will turn out to be
of key importance.

In this setting, transfers cannot depend on risk type, blyt on treatment costs
C and are captured by the reimbursement functi@). For an individual with
costC(e, m), the health insurer receivefC(e,m)). For those values @ that are
mainly incurred by high risks, we should haMg) > 0; for those that are more
likely incurred by low risksr(C) < 0 would be optimal. In this way, the regulator
can indirectly pay transfers for high risks and receivedfars for low risk

We impose two restrictions arfC). The first one is that the regulator breaks even
in expectation, i.e.,

E[r(C(&m))] = BB [r(C(& m))] + (1 — B)En[r(C(& m))] = 0. (12)

The second one is that the marginal reimbursement f@g may not be negative
or larger than one. This rules out incentives for cost deitedéind cost inflation:

8The distribution function can be inferred from a represtwvgaample with information about
the risk type. See Sectignb.2 for an illustration of thisgemure.

°In practice, cost reimbursement schemes are frequentlgdathby a uniform flat rate and
define a nonnegative cost reimbursement function. In sucdmagiwork,—r (0) corresponds to the
uniform flat rate and(C) — r(0) equals the cost reimbursement.



1.r'(C)>0
If r(C) is non-decreasing i@, then hiding costs cannot lead to higher profits
for the insurer.

2.r'C)<1

This restriction guarantees that the insurer cannot iserddas profits by
inflating costs.

With r’(C) > 0 for at least one interval &, we have marginal cost reimbursement
which will reduce incentives for efficiency. Insurers wih@ose a lower effort
level which will increase treatment co@.

The regulator has to consider this distortionary effectefrteimbursement func-
tion: a reduction in risk selection cod&SCcould be more than offset by a large
increase in treatment costs which occurs if there is too nm@ifyinal cost reim-
bursement so that effort drops too much.

With cost reimbursement, the effort level chosen by an esafter individuals
have signed up is

&=argminE[C(e,m) —r(C(e;m))] + v(e).

This determines treatment co&fC(& m)] and costs of effort(&). Using [8) and
(12), risk selection cossMAD depend on (C) by

MAD = (20— 1)E[C(&m)]+ (1—6)En[C(&m)—r(C(&m))]
—0E[C(8,m) —r(C(Em))]. (13)

Note that risk selection costs depend not only directly @) but also indirectly
because is induced by (C).

10The lower effort level, of course, also reduces effort cotte sum of treatment and effort
costs, however, increases.



Summarizing, we suppose the following sequence of events:

1. The regulator announces the reimbursement function

2. Insurers set premiums and spend resources to attracidksvand to avoid
high risks. Each insurer ends up with a representative sifales two risk
types [see Lorenz (2008)]. Premiums are identical.

3. Insurers select organizational effert ~
4. During the insurance period, severnityand cost€(& m) are determined.

5. Atthe end of the insurance period, the regulator reimdam&(& m)).

When setting (C) at stage 1, the regulator wants to minimize this premium and
therefore total average costs. He faces the problem

min AC(&) = E[C(& m)] + V(&) + aMAD (14)

subject to the following constraints:

balanced budget condition (12)
r(C) inducese™
o<r(Cc)<1

4 The optimal cost reimbursement formula

In this section, we derive the solution to the regulatorgozation problem. It is
analytically convenient to proceed in two steps. (1) Forritiary effort levele;

we show how to select of all functiom$C), which induce the insurer to choose
&, the one that minimize8C(&). These minimal total average costs with respect
to r(C) are denoted bAC:,,(€). This first step already yields the main insights
for the reimbursement function. (2) Of all possible effavéls€, the regulator
choose&", the one that minimize&G, ,(€). The optimal functiom (C) according

to step (1) fore™ is then the globally optimal reimbursement function.
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4.1 The optimal cost reimbursement function for a given effa
level

When we fix the effort levet,'the only term of the problem

rrgcl:gl E[C(& m)] + V(&) + aMAD (15)

that depends onC) isMAD. We can therefore simplify our optimization problem
in step 1 to minimize th®MAD. We proceed as follows.

la) We determine the incentive constraint which guararitegsnsurers choose
effort level €

1b) We reformulate our optimization problem as an optimaitaa problem
with costsC as the integration variable.

1c) We solve the optimal control problem and characterieeogitimal cost re-
imbursement function(C).

Step 1a) When insurers select effoetat stage 3 and face a cost reimbursement
functionr(C), their optimization problem is to minimize medical and effcosts

mein OE [c(e)m—r(c(e)m)] + (1—B) En[c(e)m—r(c(e)m)] + v(e).
The first-order condition is

M
/ﬁﬂ@m—mq@md@mqwmmyul—mmmﬂdm+w@:o.(M)
0

Rearranging terms yields

M M
/mq@mmqmdm:u@ with u@z/QOmm+gg (17)
0 0

whereg(m) = 6fj(m) + (1—6) fr(m) is the average density function. A sufficient
condition for the corresponding effort level to yield a ghlprofit-maximum is
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that the cost reimbursement functiofC) is concav@ From condition [(1l7), it
follows that the cost reimbursement function must satisfy

M
/r m)mg(m) dm = k(&) (18)
0

if insurers are to choose effort level Condition [18) therefore defines the incen-
tive constraint which guarantees that insurers cheose ~

Step 1b)To derive the optimal cost reimbursement functi¢@), it is convenient

to express our problem with as the integration variable. We therefore transform
the distribution functionss(m) and the density function§(m) into functions

of C. This yieldsF(C) = F(C/c(&)) and f;(C) = {(C/c(&))/c(&) with support
[0,c(8)M] = [0,C]

Expressing thMAD, that has to be minimized at this stage, in term€ ¢gads to
c
MAD = (26— 1)EIC(EM)]+(1-8)( —r(0)R(0)+ [[C—r(C)]fu(C) cC)
c 0
~8( 10RO+ [[C-r(©)fi(©) k). (19)
0

Skipping all the constant terms that do not depend (@) we arrive at the full
optimization proble

1§ r(C) is a concave function, then the left hand side[o] (17) is necrelasing ire. Since
the functionk(e) is a strictly decreasing function & the first-order condition must therefore
characterize a global optimum.rifC) is not concave, then it needs to be checked whether equation
(I7) guarantees an optimum.

2FromC = ¢( &m it follows thatm = C/c(€). The distribution functions in terms & are
therefore given by (C) = K (C/c(&)). Differentiating with respect t€ yields the corresponding
density functions;(C) = f;(C/c(&))/c(&).

13These terms arg28 — 1)E[C(& m)], [ Cf|(C) and [ Cf,(C).
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C
min - r(0)[0R(0) ~ (1~ 0)F(0)]+ [ r(C)Bf(C) ~ (1-0)fu(C)Jec
0

st /C r'(C)CG(C) dC = c(8)k(&) (20)
i C
r(0)G(0) + / F(C)§(C)dC = 0 1)
0<r'(C) Sol (22)
r(0),r(C) free (23)

whereg(C) = 61| (C) + (1—8) f,(C) andG(C) = 6F (C) + (1— 6)Fx(C). The first
constraint is the transformed incentive constraint (18ictviensures that insurers
choosee” The second constraint corresponds to the balanced budgdition
(I2). The third constraint ensures that there are neitleenitives for cost inflation
nor cost deflation. Finally] (23) states that there are nimicéisns with respect to
the endpoints of (C).

Step 1c) The reformulated problem is an isoperimetric dynamic oation
problem due to the equality integral constra@slt cannot be solved by setting
up the Hamiltonian since we allow fé%(0) > 0. In the Appendix, we therefore
formulate the Lagrangian for the full problem. There, weidethe following
result.

14See Chiang (1992, p. 280) and Kamien and Schwartz (19918). 22
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Proposition 1: The slope of the optimal cost reimbursement function isaitar
terized by

r'(C)=1 >0
I'(C)€[0,1] » for 26(1—6)[R(C)—F(C)] — NCG(C)S =0 (24)
r'(C)=0 <0

wheren > 0 is the constant Lagrange-multiplier associated with theeimtive
constraint(L8). Condition(24) and the zero-budget constraint

C
((0)G(0) + / r(C)§(C)dC =0
0

determine (0).

Condition [24) states that the optimal cost reimbursememttfon considers for
every cost leveC whether the reduction in incentives for risk selection aitghs
the efficiency costs of cost reimbursement. The distrilufimctionsF (C), the
joint density functiorg(C) and the Lagrange-multipliey are crucial for this deci-
sion. More insights can be obtain by decomposing condi2@) into two terms
with a natural interpretation:

1. The anti-selection ter20(1 — 8)[F (C) — Fy(C)]

With the share of low-risk typeB given, a large differench (C) — Fy(C) =
(1—Fy(C)) — (1—R(C)) tends to favor cost reimbursement. To explain this
effect, it is important to note that(C) = 1 increases cost reimbursement
for all individuals with costsabove C This follows from the restriction
r'(C) > 0. Since 1- F(C) denotes the share oftypes with costs higher
thanC, (1—F(C)) > (1—R(C)) implies that there are relatively mohe
types with costs abov€ thanl-types. Increasing cost reimbursemenCat
therefore reimburses costs more Fetypes than fot-types. This implies
that the MAD must fall.
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2. The cost-efficiency termCg(C)

A large value ol Cg(C) calls for no cost reimbursement. This is because
Cg(C) corresponds to the share of total cost@@ If this share is large,
then cost reimbursement @ttends to have a large negative impact on the
incentives for efficiency and therefore calls for no costairsement. This
effect is increasing in, the Lagrange-multiplier, which captures the impor-
tance of incentives for cost efficiency. A higteii.€., higher incentives for
cost efficiency, increases For a given value of the anti-selection term, a
larger value ofy therefore implies less cost sharing.

Note that the slope of the optimal cost reimbursement fonas indeterminate
for

26(1-8)[R(C) — F(C)] = nC(C). (25)

However, this equality usually only holds for single valu#sC: the function
on the left-hand side of (25) usually only crosses the fuimctin the right-hand
side, but is not identical for some interval. Thus, the ied@inacy only occurs at
single points and does not influence the shape of the reiraimanst function.

Except for these single points, the slope of the optimal beirsement function is
either zero or one, but never in between. This can be exglamthe following
way: a slope of, for example, 0.5 for some interi@l, C;] could be replaced by
a slope of 1 for an interval half as large withi@y,C,] whereg{C) is small and

a slope of 0 for the other half whetgC) is large. This shifts the marginal cost
reimbursement to those values@fwhere only few costs occur and is therefore
superior with respect to cost efficiency.

15For other cost functions thal(e, m) = c(e)mthis part of the cost efficiency term is different.
For example, iC(e,m) = c(e) + m, then the cost efficiency term igj(C).
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Costs

E[C(& m)] +V(E) + RSG,,,

@
™
(‘Dz A\ 4

Figure 1: Minimized total average costs and the optimalrefével

4.2 The optimal effort level

Having determined the optimal cost reimbursement fundiora given level of
effort € in the second step the optimal level®has to be determined. The pro-
cedure is illustrated in Figuié 1. For eaglrisk selection costs with the optimal
reimbursement functionareRSG, ,; total average costs are then

AG,(€) = E[C(E m)] +V(€) + RSG,;-

The optimal effort leveE™ is given by the minimum oG, (€). Figure[l also
shows the effort leved which would be optimal in the absence of risk selection. At
this level, however, the marginal benefit of reducing ridkestBon costs outweighs
the efficiency losses due to cost reimbursement.
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Figure 2: Example 1
5 Examples and empirical illustration

5.1 Examples

To illustrate our approach, we present two examples. Wenas€< m< 1 and
that there are two groups of equal size. The density andistn functions
for Example 1 are shown in Figu[éﬁ.They are chosen so that they share three
features we find in the data set analyzed in SubseLtidn 5tA:ris types have a
positive probability of zero costs; fbftypes, it is between.@ and 025 depending

on age and gender, fortypes, the probability is always about half as large. The
density forl-types is higher than the one fartypes for small values ain and

16The distribution functions arg (m) = 0.2+ 9.12m? — 20.96m? + 20.04m"* — 8.88m° + 1.48m°
andFy(m) = 0.1+ 6.25m7 — 11.54m3 4 9.5m"* — 3.97n + 0.66m°.
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no cost optimal cost outlier
reimbursement reimbursement risk sharing

E[C(e,m)] 0.315 0.335 0.335
v(e) 0.063 0.047 0.047
RSC 0.027 0.015 0.023
AC 0.405 0.396 0.404

Table 1: Costs in Example 1

lower for large values om. Finally, the density approaches zero for the left and
right boundary om.

For the cost of effort functior(e) and the cost function(e), we assume
v(e)=eYY and c(e)=p/e

With these cost functiong,determines the ratio of effort costée) over medical
costs EC(e, m)]; we set it equal to 209 is chosen such thafé) = 1. In the ab-
sence of cost reimbursement, average expected cost$&(@ )] = 0.315. The
risk selection parameteris set to 0.5. Calculating the different cost components,
total average costs without cost reimbursemen?@) = 0.405 (see Tablel1).

The globally optimal effort leve¢“implies an increase of medical costs by %.
Figure[3(d) shows the anti-selection ter®(2— 0)[F (C) — F,(C)] and the cost
efficiency terrnCg(C) for this effort level. The functions intersect@t= 0.381.
Where the anti-selection term is larger than the cost effayieerm, marginal cost
reimbursement equals one, where it is below, there is noimargost reimburse-
ment. Thus, costs should be reimbursed only up to a threshidid balanced-
budget condition requirag0) = —0.253. This yields the optimal cost reimburse-

ment function shown in Figufe 3(b)

c —-0.2534+C forC<0.381
r —
0.128 forC > 0.381

Expected costs|iE(& m)] with optimal cost reimbursement are 0.335, an increase
by 6.3% compared to no cost reimbursement (see Table 1). ideoimg effort
costsv(e) as well, the increase is 1.1%. This is more than compensgttelule-
crease in risk selection costs by 45%. In total, average cestline from 3405 to
0.396 , implying that cost reimbursement leads to a reductidrealth insurance
premiums by 2.2%.
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Figure 3: Example 1, optimal cost reimbursement

To compare our result to outlier risk sharing, we analyzechasie as in Germany
in which 60% of all costs above a certain threshold are remsdgai We set the
threshold aC = 0.505 such that insurers choose the same effort level as with ou
optimal cost reimbursement function. Our finding is that teduction of risk
selection costs hardly compensates for the increase inttiee cost components.
As shown in Tabl¢]l, average costs almost remain the samefathenat outlier
risk sharing does not consider the distribution of healtle @sts for each risk
type is responsible for this performance. Outlier risk sigadoes not exploit
that the anti-selection term is larger than the cost-eficyeterm in the interval
[0,0.381. This can most clearly be seenGt= 0 where the anti-selection term is
positive because motetypes incur no costs thamtypes and the cost-efficiency
term is zero. Vice versa, outlier risk sharing reimbursetstorC > 0.505 where

19



35

34
254
2 4 f|
154

1

0.51

0

T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m
(a) Density functions

1.2

11
0.8 4
0.6 4
0.4 4

Fh

0.2

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m
(b) Distribution functions

Figure 4: Example 2

the efficiency losses due to marginal cost reimbursementsgh the gains due to
lower risk selection costs. Only in the inter@l 381, 0.505, outlier risk sharing
is close to the optimal strategy. However, the marginal beireement rate is too
low.

Example 2 gives an additional reason why outlier risk slgagan be harmful.
Figure[4(d) shows thattypes are more likely not only to have low but also high
iliness severities. This leads to a crossing of the distidoufunctions in Figure
@ This feature is present in some groups of the data set exdrimiribe next
subsection. This is not implausiblétype individuals might suffer under acute
illnesses with temporarily high costs.

The distribution functions arg (m) = 3m® — 5n? + 3mandF,(m) = m.
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We concentrate on the change in the risk selection costagredample. Opti-
mal cost reimbursement with an increase of medical costs & Seduces risk
selection costs by 85%. As in Example 1, a threshold is optabhave which
no additional costs are reimbursed. By contrast, outlgk sharing which reim-
burses 60% of all costs above a certain threshold and causesamne increase in
medical costs leads to ancreasein risk selection costs of 13.75%. Of this in-
crease, 5.6% can be attributed to higher medical costs wmickase thé1AD in
absence of cost reimbursement in the same prop(@id'me additional 8.15%,
however, are due the fact that outlier risk sharing reimdsists at high cost
levels where the anti-selection terr(2 — 8)[F (C) — F,(C)] is negative In this
range, there are relatively moraypes. Reimbursing costs at these levels there-
fore mainly reimburses costs btypes, making it even more attractive to practice
risk selection. Thus, outlier risk sharing can actually barterproductive with
respect to reducing risk selection costs.

5.2 An empirical illustration

In the following, we show how our method can be applied todetéd. We base our
empirical analysis on administrative annualized data iplexy by a Swiss health
insurer. The data set includes information on individuaksdall costs covered by
the health insurer), hospitalization (whether an indiaiduas treated in a hospital
in a year), number of months insured, death and extent ofucémce for the years
1997 to 1999 with 475,506 observations. We used the obsengadf 104,420
adult individuals insured in the years 1998 and 1999. The&srage health care
expenditure was CHF 3,25&@,025) in 1999.

Since we do not have information about insurer’s risk selacactivities and
costs, we need to formulate a hypothesis about how insusirselect. Our risk
selection hypothesis is that health insurers can obserethehan individual was
treated in a hospital in 1998. The grohjis therefore given by those treated in a
hospital in 1998. Thé-types are the remaining individuals. We assume that the
regulator is not able to obtain information on hospitalir

18since all costs, i.eE [C], Ex[C] andE[C], increase by 5.6%, so does the MAD, the weighted
difference between these costs.
91 practice, regulators should be able to obtain this infation. However, so far it is not used
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Table[2 on pagk 28 shows the percentage of individuals tadigeid in 1998 for
each of the 30 age-gender-cells of the Swiss risk adjustsegr@me. The fifteen
age groups compromise 5 years, except for the youngest dedtajroup. On
average, 15.6% of the individuals were treated in a hogpite898. The treatment
costs of these individuals were more than three times hitjlaerthe costs of those
who were not hospitalized. The average cost ratio is higioeshen, aged 31 to
35 years and tends to decrease with age. By contrast, thédizspion rates
increase with age, the exception being women who show a t&mnpdecrease
after their childbearing age. Overall, hospitalizatioa isigh cost indicator for all
groups, making it attractive for insurers to discriminagaiast those who where
treated in a hospital.

To illustrate possible shapes of the optimal cost reimbuesd function, we apply
our method to each age-gender-cell of the Swiss risk adprdtscheme. Since
no empirical estimate is available for the parametevhich measures the extent
of risk selection, we concentrate on the first step of our $té&p-procedure and
determine the optimal cost reimbursement function for adfilevel of efforte
leading to an increase in medical costsx9g. " This allows us to compare our
optimal cost reimbursement function to outlier risk shgnmith respect to the
functional form and the effectiveness of reducing risk stgba costs for a given
increase in medical costs. To make the results comparabtbd®0 risk adjust-
ment cells, we set the effort level such that medical costeearse by 1% in each
cell.

To determine the optimal cost reimbursement function, vee@ed as follows.

1. We use the same function@) andc(e) as in our example and s@iso that
c(é) = 1. The costs from our data set correspond to the costs ifensur
choose this effort level since there is no cost reimburs¢émeswitzerland.
Thus, we obtailt?°t = ¢(&)m= mand use actual cosB°" to estimate the
distribution functiond (m) for each group.

in the Swiss risk adjustment scheme. We make this assumpiddmly because hospital stays are
included in our data set and we can therefore use this infilomégo illustrate our method. Nev-
ertheless, our results may be interesting for a regulatar ddes not want to use information on
hospital stays in a risk adjustment scheme to avoid thatémsencourage excessive hospitaliza-
tion.
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2. Second, we derive the distribution functions for an iaseein costs by 1%
and apply our method.

We estimate the distribution function of actual co8ft in 1999 for the two
groups nonparametrica@. Since there was a considerable share of observations
with zero costs, we sef(0) equal to this share and determin§dC@°t) with
Cact-~ 0 by kernel density estimaticd.

Applying our method, we find that the optimal cost reimbursatrfunction gen-
erally has a slope of one f& = 0 and for very small cos Here, the anti-
selection term is positive because mbitgpes incur no costs thdntypes and the
cost-efficiency term is small as in Example 1 in the previaussection. This is
followed by an interval with zero marginal cost reimburset& variable length
after which full marginal cost reimbursement is optimaliagd hen no marginal
cost reimbursement is optimal for higher costs, or therdéuatker intervals where
the slope switches from zero to one and vice versa. Therevesyala cost level,
however, above which the slope of the cost reimbursementifumis zero. Thus,
a threshold is optimal above which no additional costs aralrersed as in our
examples.

Figure[$ shows three typical results. In Figbre b(a), afteery small range with
full cost reimbursement, no marginal cost reimbursementdst below a thres-
hold of about CHF 20,000 and above a threshold of about CHFO®As optimal.
Between CHF 20,000 to CHF 40,000, marginal cost reimburséeguals one.
Figure[5(b) displays the case in which there is anothervatén which full cost

20A potential problem is overfitting with respect to time: snihe regulator has to announce
the reimbursement function at the beginning of petiode can only use data from perive- 1
to estimate the distribution functions. If these changeaksterably over time, there would be
overfitting by the method we apply. We checked this in our dataand found the distribution
functions to be stable over time.

2lwhen we chose a constant bandwidth for the kernel, we foualdftfC3t) = 0 for a num-
ber of intervals folC2t > CHF 10.000. This artificially improved our results becau$€) = 1
does not reduce incentives for efficiency at all whendw&) = 0 for both groups. Therefore we
transformed the data using a concave function. With thetfondn(C3°t), there are no intervals
with f;(C2°) = 0. From the estimated distribution functibln(C2°%)) we derive the distribution
function R (C3°) and the density functiofy (C2°). Alternatively, one could use a variable band-
width and determine it endogenously by crossvalidationis Bpproach, however, requires very
long computing time.

22The health insurers’ second-order conditions were safi$ieall cost reimbursement func-
tions.
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reimbursement is optimal. The threshold above which notehdil costs should
be reimbursed is CHF 115,000. As before, there is no margwetl sharing for
low costs except for costs close to zero. Finally, Figurg| Skows a typical find-
ing for elderly insured who are characterized by high lel$fiospitalization.
For these insured, the high risks (those who have been htizpid) have a very
low probability of incurring zero costs, 9§,(0) ~ 0. This leads to a high differ-
encelR (0) — F,(0), which calls for a rather high negative valuer¢®). The joint

density function for high costs is comparatively high, igpg a low threshold
above which there is no marginal cost reimbursement. Indage, it is about
CHF 14,000. There is also an interval of about CHF 8,000 wétto znarginal
cost sharing.

Table[2 contains an overview of our results and compares thean outlier risk
sharing scheme as in Germany which reimburses 60% of coste althreshold.
The threshold was chosen such that medical costs increas¥ bl ranges from
CHF 28,700 to CHF 114,900. We show the percentage redudtioskaselection

costs (oMAD) for both optimal cost reimbursement and outlier risk shgriOn

average, optimal cost reimbursement is 2.5 times moreteféethan outlier risk
sharing in reducing risk selection costs (10.30% vs. 4.12%)

We checked whether our results are robust with respect terelift degrees of
marginal cost reimbursement for outlier risk sharing. Wenid that outlier risk

sharing performs worse if this rate is increased to 80%. Red&ction costs fall
only by 3.88%. Smaller rates slightly improve the efficiemméyoutlier risk shar-

ing. For marginal cost reimbursement of 40% above a threshisk selection

costs were reduced by 4.58%. Finally, we considered difterereases in medi-
cal costs. For a 0.5% increase in medical costs, optimalst@sing reduced risk
selection costs by 5.54%, outlier risk sharing by 1.84%. &84 increase, the
respective values are 38.26% and 23.14%. Again, optimalreasbursement
performs much better.

Figurel® displays the reduction in risk selection costs wfitimal cost reimburse-
ment and outlier risk sharing for a 1% increase in medicaisdos all cells. These
were arranged by the magnitude of the reduction of risk selecosts of outlier
risk sharing. The first cell is the one where it is the leastesasful: here risk
selection costs increase by 5.04%. The last cell is the orexenihh is the most
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successful and reduces risk selection costs by 19.57%. fiB@age-gender-cells
risk selection costs increase under outlier risk sharingt of these cells this in-
crease is higher than 1%, which shows that outlier risk slgartimburses costs
mostly for thel-types; these are the cells where the distribution funsticoss
for high values ofC as in Example 2.

From Figurel B, it can be seen that optimal cost reimbursemperiorms well
when outlier risk sharing works well. This comes at no swg@hbecause optimal
cost reimbursement can always mimic outlier risk sharingwever, it performs
also well when outlier risk sharing does very badly. In oustfexample in the
previous subsection, we showed why this is the case. Outdikersharing does
not exploit the fact that differences in the distributiométions of the two risk
types call for marginal cost reimbursement at lower levats @ot for high costs.
This effect is particular strong in cases which call for a tbweshold above which
now additional costs should be reimbursed as in Figure 5{eje, our approach
reduces risk selection costs by 8.83% while outlier riskrisigaincreases these
costs by 0.35%. For the oldest female group, risk selectistsacan even be 31%
lower if optimal cost reimbursement is used instead of eutisk sharing.
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6 Conclusion

The aim of this paper was to determine the optimal cost refsdiaent of health
insurers to reduce risk selection. We developed a model ichminsurers in-

fluence the cost of health care with their organizationaveiets and where risk
selection activities are increasing in the mean absolutetien of costs. The op-
timal cost reimbursement function balances the incenfwesost efficiency and
risk selection. For every cost level, it consider whetherrdduction in incentives
for risk selection outweighs the efficiency costs of cosintairsement. The dis-
tribution of health care costs for each risk type is cruclathere are relatively

more high risk types with larger costs than low risk typesntincentives for risk
selection can be reduced by marginal cost reimbursemerghék to be weighted
against possible cost-efficiency losses. Here, the joinsitie function is of key

importance. Comparing these two effects calls for a malgiost reimbursement
rate of either O or 100%.

When we applied our method to Swiss health cost data, we \wa$eéhat costs
should generally be reimbursed only up to a threshold. Ehigpposed to outlier
risk sharing which is advocated in the literature and has hsed in Germany.
Our optimal cost reimbursement formula was also much mdeetéfe than out-

lier risk sharing. For a one percent increase in medicalscogt found that the
mean decrease in risk selection costs is two and a half tiangerlif optimal cost

reimbursement is used instead of outlier risk sharing. Hue that outlier risk

sharing imposes a structure on cost reimbursement indepeatithe distribution

of health care costs for each risk type is responsible fardifierence. This shows
that applying principles of reinsurance may not be appeaderif the objective is

to reduce risk selection.

Our analysis was based on two risk types. It would be interg$b extend the

analysis to multiple risk types. Also other functional fa&mf the cost function

could be considered. Furthermore, we focused on orgaairteffort of insurers

which affects the cost of all patients. Future work couldreiee the implications

of patient-specific effort. Finally, our approach can be paned to selective forms
of cost reimbursement such as risk sharing for high risksigin lsosts to our

optimal cost reimbursement approach.
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Age- Number Percentage| Average Average | Average|| Reduction oRSCin % | Reduction ofRSCin %
Cell Gender- of Hospitalized Cost Cost Cost Outlier Optimal
Bracket observationg  in 1998 Hospitalized| Non-Hosp.| Ratio Risk-sharing Cost reimbursement
F1 | Women 18-25 5,902 6.2 2,904 892 3.25 19.57 22.20
F2 | Women 26-30 4,289 11.6 2,425 1,267 1.91 2.32 12.29
F3 | Women 31-35 5,372 14.9 2,370 1,359 1.74 5.76 9.44
F4 | Women 36-40 5,678 10.9 2,652 1,288 2.06 4.40 8.21
F5 | Women 41-45 5,262 8.7 3,865 1,328 291 7.56 9.76
F6 | Women 46-50 5,103 8.5 3,846 1,424 2.70 11.58 13.94
F7 | Women 51-55 5,049 8.7 4,409 1,646 2.68 6.57 9.82
F8 | Women 56-60 4,592 9.6 4,518 1,741 2.59 7.31 8.90
F9 | Women 61-65 3,907 11.5 4,771 2,038 2.34 4.55 7.31
F10 | Women 66-70 3,536 14.8 6,418 2,406 2.67 6.49 9.64
F11 | Women 71-75 3,224 18.1 7,178 2,888 2.49 4.64 7.04
F12 | Women 76-80 2,871 21.9 8,441 3,612 2.34 2.04 8.00
F13 | Women 81-85 2,022 275 10,309 4,204 2.45 -0.44 10.09
F14 | Women 86-90 1,564 35.9 12,157 5,738 2.12 -1.23 13.211
F15| Women 91+ 803 48.9 13,872 8,025 1.73 -5.04 26.27
M1 | Men 18-25 5,738 3.6 3,814 551 6.91 10.10 12.64
M2 | Men 26-30 3,730 4.9 3,360 689 4.88 2.00 7.66
M3 | Men31-35 4,609 4.3 7,199 756 9.52 4.87 9.10
M4 | Men 36-40 4,697 5.8 4,756 893 5.32 4.18 6.88
M5 | Men41-45 4,363 5.6 4,277 968 4.42 4.16 7.583
M6 | Men 46-50 4,109 6.7 4,135 1,055 3.92 3.41 7.81
M7 | Men51-55 4,240 7.8 5,325 1,248 4.27 7.10 8.37
M8 | Men 56-60 3,769 9.4 4,671 1,664 2.81 1.56 8.11
M9 | Men 61-65 2,920 10.8 6,413 2,065 3.11 3.15 9.04
M10 | Men 66-70 2,351 15.1 5,863 2,653 2.21 —2.47 8.00
M1l | Men71-75 1,852 19.1 7,922 3,498 2.26 6.34 8.58
M12 | Men 76-80 1,389 23.0 7,239 3,764 1.92 2.16 7.20
M13 | Men 81-85 805 26.8 9,372 4,844 1.93 -0.35 8.83
M14 | Men 86-90 489 30.9 12,215 5,795 2.11 2.79 7.26
M15 Men 91+ 185 37.3 13,847 8,011 1.73 -1.35 15.70
Average 3,481 15.6 10,190 4,188 3.11 4.12 10.30

Table 2: Age-gender cells and results for a 1% increase it$ cos




Appendix

Since we allow forF(0) > 0 it is not possible to solve our isoperimetric dynamic op-
timization problem with free starting and end points byisgtup the Hamiltonian. In
the following, we therefore solve the complete problem. @eeson notation, we define
H(C) = (1—8)R(C) — B8R (C) andh(C) = (1— 6) fy(C) — 61 (C). Then problem[{20) is
equivalent to the maximization problem

C
m(a)lxr(O)H(O)Jr/r(C)ﬁ(C) dc (A.1)
' 0
S.t.
C
r(0)(0) + / F(C)§(C)dC =0 (A.2)
c 0
/ r'(C)CG(C) dC = k(&)c(8) (A3)
0
o<r'c)<1 (A.4)
r(0), r(C) free (A.5)
(A.6)

Now replace constrainf(A.2) by
K(C) = /C r(s)G(s) ds with K'(C) = r(C)§(C),K(0) = 0 andK (C) = —r(0)G(0).
0
Furthermore sat (C) = u(C) and replace{Al3) by
/C u(s)sg(s) ds with L'(C) = u(C)Cg(C), L(0) = 0 andL(C) = c(&)k(&).
0
Therefore the problem is

c
maxr 0)H (0 +/r C)h(C (A7)
0
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subject to

L = rOH(0)+ / [HORE) +MO(C) ' (C) (A.8)

Note thatn(C) is the Lagrange multiplier associated with the incentivest@int [(A.3).
IntegratingA (C)r’(C), u(C)K’(C) andn(C)L'(C) by parts we obtain

C
£ = r(0H(©O / C)R(C) +A(C)u(C) + N (C)r(C) (A.9)
O

Q'
5
=
o
S~—
A
—
o

~AC)r(€) =AO)r(0)] + [u(
+N(C)L(C) —n(0)L(0)]
+Y1K(0) +v2[~r(0)G(0) — K(C)] + YL (0) + yalk(&)c(&) — L(C)].

The first differential is

C

e = [{f©)+N©)-nogC)r(C) (A.10)
0
+IM(©) ~N(C)CAOIAUC) ~ K(C)AK(C) 1 (CIAL(C) b

+[H(0) +A(0) —v2G(0)JAr (0) ~ A(C)Ar (C)
+[- M(O)+V1]AK( [M(C) - 2] AK(C)
(

)
0) +ysAL(0) + [N (C) — vaAL(C)
By1 + [-K(C) ~1(0)G(0)]Ay, + L(0)Ays + [k(&)c(&) — L(C)]Avs

+
+[=n( +
+K(0)
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This yields the following conditions for optimality

h(C)+N'(C) —u(C)g(C) =0

>0 = ulC)=1
)\(C)n(C)Cg(C){ =0 = 0<ulC)<1
<0 = ulC)=0

—H(C)=0 which implies uC)=p
—n'(C) =0 which implies n(C)=n

M0) = —H(0) +Y26(0)

Y2 =HM(C) whichimplies y, =

L(C) = k(&)c(8).

Integrating [[A.11) yields
C
AC) = /
0 c
= 0) + pG(0) + /
0
= —H(C)+piG(C)
With

0=A(C)=-H(C)+nG(C)=0

we gety = (1— 20) which simplifies [[A.2P) to

A(C) = —H(C)+ (1—20)G(C) = 26(1—8)[R (C) —
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Fa(C)].

(A.11)

(A.12)

(A.13)
(A.14)
(A.15)
(A.16)
(A.17)
(A.18)
(A.19)
(A.20)

(A.21)

(A.22)



Inserting into [[A.12) we obtain

>0 = ulC)=rC=1
26(1-6)[R(C) —F(C)] -NCF(C) =0 = 0<u(C)=r(C) <
<0 = ulC)=r(C)=0

1. (A.23)

which is equivalent to conditioi(24). Now needs to be chosen such tHai (A.21) is

satisfied. This guarantees

C
/ r'(C)CG(C) dC = k(&)c(&).
0

Finally r(0) is set such thaf (A.19) is satisfied which implies

C
((0)G(0) + / F(C)3(C) dC = 0.
0
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