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Abstract

A medical savings contract (MSC) is a health insurance which in-
cludes a savings account: when ill, the insured pays the medical costs
out of the account until it is depleted. All further costs are taken by
the insurer. This paper compares the MSC and a common deductible
insurance (DI) using a two-period-model. Firstly, we derive conditions
under which an expected utility maximizer will prefer a MSC over a
DI. Secondly, we show that risk aversion could lead the insured to take
less long-term disease prevention activities under a MSC than under a
DI. In addition, we discuss the possibility of a private savings plan.

JEL classification: D80, D91, G22, 110
Keywords: Insurance, Medical Savings Account, Deductible, Moral
Hazard

1 Introduction

Individual savings accounts as a supplement to a social security insurance
are widely accepted within the context of pension funding systems as a way
to temper the financial burden of the aging society. The introduction of the
so called Riester Rente in Germany in the year 2002 is one of the recent ex-
amples for the popularity of this idea. In 2002, Chile introduced individual
unemployment accounts which are complemented by a public fund in the
case of depletion.! But, also in health care financing, there is growing in-
terest in introducing individual health accounts in order to create incentives
to utilize health care more prudently and to encourage disease prevention
activities.

In 1996 the 104th Congress released the Health Insurance Portability
and Accountability Ac and established a pilot program for medical savings
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accounts (MSA) in the USA. The Internal Revenue Service (2001) defines
a MSA as follows: “An Archer MSA is a tax-exempt trust or custodial
account with a financial institution (like a bank or an insurance company)
in which you can save money for future medical expenses. This account must
be used in conjunction with an HDHP.”@ In particular, the tax exemption
of contributions to a MSA should be an incentive to sign such a contract.
Bunce (2001) gives an overview of the development of MSAs in the USA.
Although during the pilot program the public interest was surprisingly low,
according to the concluding report of the GAO (1998), the program has
been extended until the end of 2002.

In Singapore, the so called Medisave accounts were already established
nationwide in 1984. Massaro and Wong (1995, 1996) argue that this is the
reason for the relative low health expenditure of 3.1% of the GNP in com-
parison with other Asian countries and all the more with western industrial
nations.

According to Matisonn (2000), MSAs became a popular health insurance
in South Africa very soon after the deregulation of the insurance market in
1994. While the market share of HMO-like contracts is about 4%, MSA-
based contracts are rather widespread with 51%.

Yip and Hsiao (1997) describe the experiences of the Chinese with a
MSA-based social insurance experiment in two cities, and concludes that
there is only little empirical evidence on the impact of MSAs on overall
health care expenditures.

In the USA advantages and disadvantages of MSAs are discussed at
political and academic level. In Europe, however, the debate does not
exist until nowE Furthermore, there is only little theoretical insight in
the decision-making process of an individual when setting up a MSA.
Heffley and Miceli (1998) analyze MSAs only as an example within their
framework of incentive-based health care plans. Klein (2002) extends the
standard economic model of a deductible insurance to a two-period model
with a savings account, and characterizes the optimal deposit.

In this paper, we will analyze the behavior of an individual when facing
a decision between a standard deductible insurance and a medical savings
contract.” While using the two-period model of Klein (2002), we want to
answer the following questions:

SHDHP: high deductible health plan. High deductible means higher than with typical
health plans.

4Actually, there are only some comments as far as I known. For the USA
one can mention: American Academy of Actuaries (1995a, 1995b), Bunce (2001)|
Friedman (2001), Moon et al. (1996), Ozanne (1996), Pauly and Herring (2000),
Pauly and Goodman (1995), Scandlen (1998), Stano (1981), and |Zabinski et al. (1999)|
but the list does not claim to be complete.

®MSC means the combination of a MSA and an insurance. With MSA, we only denote
the account itself.



e When will an expected utility maximizer prefer a medical savings con-
tract over a deductible insurance?

e Could a medical savings contract also be replaced by a private savings
plan?

e Under which policy we can expect more long-term disease prevention
activities?

The paper is organized as follows: in the second section, we introduce the
general model of a MSC. In the third section, we determine the conditions
which must be met in order to make a MSC superior to a DI. Furthermore,
we compare a MSC with a private savings plan. In the forth section, we
introduce the possibility for the insured to take long-term disease prevention
activities and compare the levels under a MSC and a DI, respectively. The
fifth section concludes the paper.

2 The Model

Two types of individual health accounts based insurances can be distin-
guished: the US-type and the Singapore-type MSC. The main difference lies
in the flexibility of the overall deductible: while this one is fixed for US-type
MSC, the maximum of one’s own contribution to the health care costs under
a Singapore-type MSC depends on the balance of the MSA. The above men-
tioned Archer MSA and the MSAs in South Africa belong to the US-type
MSCs. Medisave in conjunction with Medishield and Medifund in Singapore
can be interpreted as a MSC with a flexible overall deductible: the higher
the savings in the Medisave account the higher can be the insured’s copay-
ments. Only, when the Medisave account is depleted — because of the 20%
copayments of the Medishield insurance— and the insured is not able to cover
the remaining costs of treatment out-of-pocket, Medifund will step into the
breach.® The Chinese MSA and the individual health accounts proposed
by Stano (1981) belong also to the Singapore-type MSC. Both approaches
consist of individual MSAs and a social insurance which covers the health
care costs in the case of a depleted MSA.

Differences in the flexibility of the overall deductible lead directly to
differences in the regularity of the insured’s payment into her MSA. If the
overall deductible is fixed, there is no need to require regular deposits. It can
be left to the insured herself to decide on. However, if the overall deductible
depends on the balance of the account, the premium of the additional in-
surance will depend on it, too. Therefore, in order to calculate an expected

5This is, admittedly, a highly compressed representation of Singapore’s health care
financing system. For a detailed description, we want to refer to Massaro and Wong (1996)
and the Internet site of Singapore’s Ministry of Health: http://www.gov.sg/moh.



balance of the MSA, one need regular deposits into the account. This can
be observed in Singapore and China where the insureds must pay a certain
share of their monthly income into the MSA.

What we want to model here is the Singapore-type MSA. The reason
is that a US-type MSA is not very much different from a standard de-
ductible insurance due to the fixed overall deductible. In a previous paper
(Klein 2002), we outlined such a model and we will use this approach here
again.

For simplicity, we use a two-period model.” These periods can be either
interpreted as policy-years or as phases of one’s life like youth and age. At
first, we define the risk to be insured against.

Assumption A. 1 (The Risk). Let Q be the set of all possible diseases.
i) A:Q — RT is a continuous random variable,

ii) F(a1,a2), with a1,a2 € A, is a joint distribution function, where the
index indicates the period.

iit) F is common knowledge and insurable.

The elements of A can be interpreted as the whole follow-up costs of a
disease. Thus, F' is the joint distribution function of the insured’s medical
expenses in period one and two. With insurable, we mean that, firstly,
there is a real risk involved, i.e., F' is not degenerated, and, secondly, an
insurance policy against the losses born by F' would not be too expensive,
and a potential insurance buyer can afford the policy.

Assumption A. 2 (Individual’s Preferences). Let u be the insured’s
utility function, and w € R the insured’s wealth with u : w — R. Further-
more, denote the discount factor with p € (0, 1].

J)ueT:={u: v >0,u" <0 VYweR"}

ii) v := E(uy + pugz), where the index only indicates the period, without
altering the utility function itself.

Firstly, we assume a strict risk averse individual whose welfare per pe-
riod can be represented with a continuous, strict concave and two times
differentiable utility function. In addition, the insured’s utility is supposed
to depend on her wealth, only. So, for simplicity, we ignore the possible
impact of an illness on the insured’s welfare. Secondly, we assume that the
preferences over different states of the world, i.e., as a consequence of differ-
ent insurance policy parameters, can be represented by the sum of expected
utilities per period.

"Similar single-period models of a deductible insurance can be found in
Eeckhoudt et al. (1991), Gould (1969), Mossin (1968), and Schlesinger (1981).



The supply side is, for the sake of simplicity, only rudimentary modeled:
An insurance company offers the insurance buyer a policy which yields zero
expected profits; either due to competition or because of public regulations.
Thus, the insurance buyer can be insured according to a premium function
which relates the expected indemnity payments and costs of the insurance
company to the policy premium.

Assumption A. 3 (Premium Function). Let p be the premium per period
and i the indemnity payments born by the policy. In addition, denote the
insurance loading with X > 0 and the interest factor with r > 1. Then, the

premium function is

1
p= PB4+ i) o

with p constant in period one and two.

In a single-period model, the premium function would be p = (1 + \)Ei.
The denominator in (1), therefore, equalizes the per period premiums. In
addition, one has to include the interest costs or gains, respectively, of the
indemnity payments in period one. Hence, these have to be multiplied by
the interest factor.

The Policies With a common deductible insurance, we mean an insurance
where, in each period, the insured pays the medical expenses up to the
amount of the deductible. All costs above are covered by the insurer. The
deductible is fixed and from equal size in each period.

A MSC is a combination of a MSA and an insurance. The insured agrees
to pay a certain amount of money into the MSA in each period. Withdrawals
from the MSA are only allowed for medical purposes. Medical expenses are
firstly paid out of the MSA. If the savings are not enough, the insurer pays
the rest. After the policy runs out, the remaining savings are distributed to
the insured.

It is rather cumbersome to compare two different policies directly. Thats
why, we create an artificial combined policy with two parameters: the maxi-
mum out-of-pocket payment per period (MOP) d > 0 and the rate of saving
d € [0, 1] of unused MOP which will be saved in the MSA. So, a chosen 6 = 0
means the policy is a common deductible insurance. And 6 = 1 means the
insurance buyer chooses a pure MSC. However, a rate of saving between
zero and one is also possible and can also be interpreted as a kind of MSC.
In each policy year the timetable should be as follows:

1. The medical expenses of the period become known and are withdrawn
from the MSA.

2. If the savings are not enough, the insured has to pay out-of-pocket.

3. If the costs exceed the MOP, too, the insurer pays the remaining costs.



4. If the medical expenses are lower than the MOP, the insured pays the
share of unused MOP into the MSA according to the rate of saving.

5. In the last policy year, the remaining savings will be paid back to the
insured.

Table 1 shows how such a combined policy will work under different rates
of saving. One can easily verify that both of the above described policies
can be represented by the combined policy.

1.  Rate of Saving 0=0 0=0.5 6=1

2. Policy Year 1. 2. 1. 2. 1. 2.
3.  MSA Balance, 1. Jan 0 0 0 400 0 800
4. Medical Expenses 200 1500 | 200 1500 | 200 1500
5.2 Indemnity payments 0 500 0 100 0 0
6. MSA Balance, 31. Dec | 0 0 400 0 800 300

?5. = max{4. — 3. — d,0}.
PIf 4. > 3., 6. = max{0(3. + d — 4.),0}. If 4. < 3., 6. = 3. — 4. + od.

Table 1: Examples of the combined policy with d = 1000 and different rates
of saving.

Denote with  (low) the case when the insurer’s indemnity payments
in the period are zero due to relative low medical expenses, and with h the
opposite. Therefore, in a two-period model, we can distinguish four different
disease histories: ll, lh, hl and hh.

In Figure[l, each point reflects a pair of medical costs in period one and
two. In the case of [l, the insured has to bear all of the expenses. This area
increases with 4.

To abstract from other savings strategies, we impose two additional as-
sumptions:

Assumption A. 4. Lety be the insured’s income per period. The insured’s
tncome 18 constant over time, i.e., Yy = Y2 = Y.

Assumption A. 5. pr =1.
Now, we can calculate the expected utility in the case of a certain disease
history:
vy =Eylu(y —p — a1 —6[d — a1]) + pu(y — p — az + ro[d — a1])],
[u(y —p —d) + puly — p — a2)],
v = Eip[u(y —p — a1 — 6[d — a1]) + pu(y — p — d)],
Unh = Epplu(y —p —d) + pu(y —p — d)].

vy = Epy
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Figure 1: Possible disease histories in a two-period model.

The insured’s overall expected utility is, therefore, the sum of the utility of
all possible states of the world

v(d,0) = vy + vip + Vp + Uk (3)

At last, we assume that the insurance loading — and, therefore, the costs of
the insurer — is positive and independent of the rate of saving.

Assumption A. 6. A > 0 constant ¥§.

Thus, the premium wont be actuarial fair. This gives an incentive to
take no full coverage. Furthermore, the discrimination between MSC and
DI is not supposed to be based on different cost structures.

3 The Expected Utility Criterion

3.1 MSC vs. Deductible Insurance

In this section, we want to compare MSC and DI from the insured’s point of
view. Can there be any reason found why a potential insurance buyer will
choose a MSC over a DI? The problem for an expected-utility maximizer
when facing the choice of a combined policy is as follows:

maxv(d,d) = E(uy + puz)
) 4)

. T+A_ . . (

subject to p(d,d) = mE(ml +i2).



Now, we can answer the question whether a MSC is superior to a DI or
vice versa: if the insurance buyer chooses * = 0, she prefers the pure
deductible insurance, where the * denotes the solution to problem (4). If
she demands a 6* > 0, she prefers a MSC. However, you have to know the
utility function and the distribution of medical costs to predict the optimal
0 directly. Instead of specifying this, we will follow the question for what
types of insurance buyers you can expect a choice of §* = 0 and for whom
not.

Let us firstly show that an insurance buyer will always choose a pos-
itive maximum out-of-pocket payment per period whenever the insurance
premium is not actuarial fair.

Lemma 1 (Positive MOP). Suppose A.1-A.6; then d* > 0.

Proof. The lemma is proved if the first derivative of v(d,d) w.r.t. d at the
point d = 0 is positive for every A > 0. Note that with a zero MOP only hh
is possible and v} = u, = v/(y — p) in all situations.

Vgla=o = —pgE(u} + puh)] — Enp(u) + pus), (5)
with L4
—p, = — " TE;(1 .
Pg 1+r[ ra(1+7)] (6)

Let o' := E(u) 4+ puj). Setting (6) into (5) yields v)}|4—o = Av' > 0 if and only
if A > 0. Therefore, the expected utility at d = 0 cannot be maximal. O

Now, let Do :={d : v; > 0 & § =0} and D := {d : v maximal & ¢ = 0}.
Then, clearly Dj C Dy. Below, we will need the following result:

Lemma 2. Suppose A.1-A.6 and let v/, = u/(y — p — d); then, for every
d € Dy: r%v’ > ul).

Proof. Setting v))|;—0 > 0 and multiplying by r yields the result. See ap-
pendix A.1 for the details. U

With that in mind, we can formulate a condition such that for every
positive d € Dy the insured can increase her welfare when choosing a positive
rate of saving.

Lemma 3 (Positive Rate of Saving). Suppose A.1-A.6; then, for every
given positive deductible d € Dy, a sufficient condition for §* > 0 is

Eul(d — a1)(uy — rpuy)] < Eyp[(d = a1)(uy — v/ (y — p — a1)] (7)

at the point § = 0.



Proof. In the same manner as before, we are done if we can show that v§ > 0
at the point 6 = 0 when (7) applies.

v§ls—0 = — psv’ — Ey[(d — ay)(uy — rpus)] — Egp[(d — a1)uy], (8)
with L
—ps = T TElh[T(d —ay)]. (9)

Setting (9) into (8) yields
vslo=o = — Bu[(d — a1)(uy — rpus)]

- an 2 -] ). 10

Because of Lemma |2 and rp = 1, equation (10) can be transformed to

v§ls—0 = — Ey[(d — a1)(u) — uj)]

FEn{(d—a) [u)— 'y —p—an)]}. )

Due to risk aversion v§ > 0 at the point § = 0 if (7) applies, and the insured
can increase her expected utility when choosing a positive rate of saving. [

This result leads us directly to our first main statement.

Proposition 1. Suppose A.1-A.6; then, if (7) applies, a risk averse individ-
ual will always prefer a MSC over a pure deductible insurance, i.e., d* > 0
and §* > 0.

Proof. This result follows immediately from the three lemmas above: Due
to Lemmall d* > 0; together with (7) and the fact that d* € D§ C Dy all of
the conditions for 6* > 0 are met. O

The reason for this result is the relative high income in period one when
choosing a pure deductible solution and (h occurs. With a positive rate
of saving, the insured can transfer some income from [h to other states
of nature, i.e., where she has to bear more medical costs. There is no
way to do that with a change of the deductible itself. An increase of ¢,
however, decreases the running income for consumption in the first period,
immediately. This leads to a lower premium, which increases the insured’s
utility in all situations.

In the case of Il a rate of saving higher than zero leads only to wealth
shifting from the first to the second period. This fact is represented by the
lhs of (7). If the medical costs are independent and identical distributed,
there is no difference between the marginal utilities in period one and two.
That’s why the second term in (7) becomes negative, how the following
corollary states:



Corollary 1.1. Suppose A.1-A.6 and independent and identical distributed
medical costs in period one and two; then, a risk averse individual will ever
prefer a MSC over a pure DI, formally

Al—=AG6, flar,a2) = fla1)f(a2) & fla1) = f(a2) = 6" >0 (12)
Proof. See appendix [A.2. O

Only, if there is a higher weight on those cases where the medical costs in
the first period are higher than in the second period equation (7) could not
be met. In this case, the marginal costs of an increase of § in the first period
could be higher than the marginal gain in period two. If this effect is high
enough, the above mentioned utility gain through consumption smoothing
could be overwhelmed.

Until now, we only have seen that the rate of saving can be positive
under certain circumstances. But, we do not know if a rate of saving of 50%
or even 100% is optimal. One way to show that the latter will be preferred
to all other rates of saving is to ensure that the expected utility is ever
increasing in 4.

Proposition 2. Suppose A.1-A.6; then, if the probability of lh is sufficiently
higher than the probability of ll, a risk avers individual will ever prefer a pure
MSC with 6* = 1.

Proof. If we show that v§ > 0 for all 6 € [0,1] and possible candidates for
d*, we are done because then §* will be increased until its upper boundary.
This can be done by using a little altered version of Lemma 2 and 3. The
details can be found in the appendix [A.3. O

The relation between the probabilities of the illness histories Il and [h is
crucial for the decision between a classic deductible insurance and a MSC.
If [h, a MSC smooths the consumption stream better. However, in the case
of ll, a MSC leads to relative low utility in the first period and a higher one
in the second period due to the saving and reimbursement of the deductible.
In contrast, a classic deductible insurance requires only to pay the medical
costs in both periods, and the utilities do not differ as much. When hl or
hh, the two policies do not differ in their associated consumption streams,
thus, the probability of hl and hh should not matter.

A MSC allows to accumulate capital in healthy years which can be used
later on — in years of sickness — to keep the premium affordable. If we
interpret the periods as the youth and the age, the model predicts a high
rate of saving due to the fact that the medical costs raise in the second part
of one’s lifetime for most of us, and, therefore, [h is more likely.

10



Arrow’s Theorem The use of Arrow’s (1963) theorem allows another
way to think about the superiority of a policy. The theorem states that
a policy cannot be optimal if the insured gets indemnity payments in a
state of nature where the insured’s wealth in another state of nature will be
lower. With a DI, this would be exactly the case when [h and hl because the
insured’s wealth is in hh lower than in all the other states. Thus, in a two-
period model a DI cannot be optimal. On the other side, with a pure MSC
the insured’s wealth in [h and hh is equal, and, therefore, the welfare should
be higher. However, a pure MSC is also not optimal because the wealth in
hl is higher than in [h and hh. The only optimal two-period policy would be
a fixed overall deductible over the sum of the medical expenses in the two
periods. This can be done, for instance, if the insured can go in debt on her
MSA. However, how Cohen (2001) shows, such an aggregate deductible can
lead to an increased moral hazard problem when the deductible is reached
in the first period, and may, therefore, not be preferable.

3.2 MSC vs. Private Savings Plan (PS)

So, why do we need a new type of health care insurance? If savings in periods
of good health can increase the insured’s welfare, she can do it on her own: If
healthy in the first period, save the unused deductible privately and increase
the deductible in the second period by the savings. We will argue that this
is inferior to a MSC because of the premium calculation. When setting up
a MSC, the insured binds herself to save the unused deductible for future
medical expenditures, so that the insurer knows about it. Thus, the insurer
can smooth the premium. This is not possible with a private savings plan
because, per definition, the insurer does not know about it. The insured has
to face different premiums in the two periods which yields a lower expected
utility due to risk aversion.

Proposition 3. Suppose A.1-A.6 and § = 1; then, a risk averse individual
will prefer a MSC over a PS.

Proof. Note that the expected indemnity payments have to be the same for
both plans because the insured imitates exactly the MSC when choosing
the PS. Therefore, the expected aggregate premium payments and, thus,
the expected aggregate wealth will also be equal.

Let passc be the constant premium when setting up a MSC. Then in the
first period under a PS, we have p > pyrsc and in the second: p < parsco
due to the increased deductible. However, it is easy to see that with § = 1,
the wealth in period one is never higher than in period two under both
policies. Thus, the different premium payments under a PS increase only the
difference between the first and second period wealth. But, if the expected
aggregate wealth is equal, a risk averse individual will suffer a reduction in

11



expected utility when the difference in wealth rises. Thus, a MSC will be
preferred over a PS. O

Unfortunately, the same cannot be stated for § < 1 because the utility
in period one can be higher than in two. Therefore, a reduction of u; and an
increase of ug due to the differences in premiums when setting up a private
savings plan can be superior to a fix premium. This is actually a different
way to reduce the utility differences between the illness history [h and the
others: one can increase § within the frame of a MSC or save the unused
deductible, privately.

4 Long-term Disease Prevention

Until now, we have only considered the case when the probability of an illness
cannot be influenced. This assumption will now be dropped. Advocates of
MSCs argue that such a policy will lead to greater responsibility by the
insureds for their own health care costs. In this section, we will answer the
question whether this can be expected or not.

We want to focus on ex ante moral hazard. It is rather known that a
deductible insurance is not the best choice when facing ex post moral hazard
due to the lack of incentives when the costs exceed the deductible.a This is
also true for a MSC because after an illness has occurred there is no need to
limit the costs above the MSA balance. The only difference lies in the size
of the insured’s own payments and the timing of those.

But, we argue that it is easy to establish a sort of co-insurance for a MSC
and a classic deductible insurance. The insurer can interpret the overall
deductible as a per capita maximum payment (CMP). Under this limit,
there are every contract form possible, e.g., co-insurance. For instance, with
a 90% coverage rate and a CMP of 1000 €, the insured has to pay until the
medical costs exceed 10.000 €. So, with different coverage rates and CPMs,
one ensures an incentive to keep the costs low for a wide range of diseases.

Another possibility to reduce the severity of the ex post moral hazard
problem is to establish fixed amounts for certain kinds of diseases which will
be paid out of the MSA. If the insured wishes a more expensive treatment,
she has to pay it out-of-pocket.

Both of the above mentioned can be found in Singapore and are consid-
ered as very successful.q

Ex ante moral hazard In the two-period framework of our previous
analysis, there are three different prevention technologies possible: actions

8See, e.g., Breyer and Zweifel (1997), Dréze (2002), and Winter (1992).
See, e.g., Massaro and Wong (1995). Barr (2001) even argues that these elements are
the main reason for Singapore’s low health care expenditures.
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which reduce the probability of a disease in the present period as well as
actions which reduce the probability of an illness in the future period.@ Let
e1, es be the correspondent effort of the former ones and e for the latter. In
addition, let 7; be the probability of a disease in period ¢ (7 = Pr{a: > 0}).
The following assumption will be made:

Assumption A. 7 (Prevention Activities). Prevention activities which
reduce the probability of diseases in the future are much more powerful than
activities which reduce the present disease probability, i.e.,

my(er) = 0, mhe) < 0, w5 (e) > 0,
where m € [0,1] and e € RT.

The intuition behind this assumption is that within a policy-year, it may
be rather expensive or even impossible to reduce the disease probability.
However, long-term prevention may be achieved with only little effort in
the preceding periods. For example: The decision to give up smoking will
reduce your cancer risk after many years, only. So, for the sake of simplicity,
we analyze the case when only the size of e is of choice. Furthermore, we
set m1 = 1 and denote m = .

The effort to prevent diseases is supposed to reduce the insured’s welfare
according to the following assumption:

Assumption A. 8. v(e) = E(u; — e + pug).

Together with A.7, this special form will guarantee a unique optimum.
We want to compare e under a MSC and a deductible insurance when the
expected indemnity payments are equal. Thus, the actuarial value of both
policies is supposed to be equal. If we did not impose this condition, one
could argue that the differences in prevention are only due to the different
coverage. Denote a variable « with z if ag = 0. Then, the insured’s problem
is
mng = v + (1 — m)0 subject to p constant. (13)

Proposition 4. Suppose A.1-A.8; then, if i) there is a positive solution to
problem (13), i) the insured is sufficiently risk avers, iii) and the probability
of Ul is sufficiently low, the insured will take more effort to prevent future
diseases under a deductible insurance than under a MSC with equal actuarial
value, i.e., epr > epsc.

Proof. The idea of the proof is to show that an increase of the rate of saving
will lower the effort to prevention. Then, clearly, e* under a MSC has to be
lower than under a DI for all d. The first order condition requires that

V =al(v—9)—1=0, (14)

€

10Single-period models of the moral hazard problem and insurance can be found, for
instance, in Breyer and Zweifel (1997), |Dréze (2002), Shavell (1979), and Winter (1992).
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which is met due to condition i) of proposition 4. Applying the implicit
function theorem leads to
oV
= -2 (15)
90 Vee

The second order condition requires that

Vie = mee(v —19) <0, (16)

which is true due to A.7 and the fact that v < ¥ per definition. Thus, the
sign of (15) is determined by the sign of

¢ = Te(v5 — Tp)- (17)
Due to A.7 9e* /06 < 0 if and only if v§ — 05 > 0. Note that the marginal
utilities in differ only in the second period. Let F(Il) = 6;; and so forth.
Hence,

vs — 05 = p{Ey[ub(r(d — ay) + réd’)] — d'ul (0, + Onn)

— Eyliy(r(d — ay) + réd")] — By [ay(r(d — ar) + réd’)]}. (18)

Because p > 0, we can safely ignore it. Dividing by u/, and setting 5(a1) =
uh/ul; leads to

Eul(8 — B)(r(d — a1) + réd’)] — d'(u, + Onn)

N (19)

— Elh[ﬁ(r(d — CL1) + T’(Sd/)] ; 0.
Note that d’ < 0 is the reaction of the MOP when ¢ increases due to the
constant premium. In appendix|A.4, we will calculate d’. Denote the first
summand of (19) with A. Then, dividing by —d’ and applying the mean
value theorem of integration lead to

(_A;d,)‘Fehh“‘(l"'ﬁ(a)ré)elh = B ){(1+76)0un+r/m(Oni+6hn) +0rn}, (20)
where «, o’ € [0,d] must not be equal. Now, to proof that de*/d§ < 0, we
have to show that the lhs is greater than the rhs of (20). The sign of A
is unknown. Hence, a sufficiently low probability of Il requires that A has
no impact on the sign of de*/35 < 0.'1] Furthermore, due to risk aversion:
B < 1. Higher risk aversion can be interpreted as a "more” concave utility
function. Thus, 8 decreases with higher risk aversion. However, while the
lhs of (20) will not be lower than A/(—d’) + 0;, + Onp, the rhs tends to zero.
Hence, an insured is sufficiently risk avers if the lhs becomes greater than
the rhs of (20). O

Before interpreting this finding, let us state the following, obvious result:

" One can surely find conditions for A > 0 but these are similarly restrictive.
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Corollary 4.1. Suppose A.1-A.8 and i) from proposition |4; then, if the
insured is nearly risk neutral, she will take more effort to prevent future
diseases under a MSC than under a DI with equal actuarial value, i.e.,

epr < epMsc-

Proof. This can be immediately derived from equation (20). With a nearly
risk neutral insured, 8 tends to one and A to zero. But, then the lhs is
clearly lower than the rhs of (20). O

Under a pure MSC, the wealth in period two will be wy = y—p+r(d—ay)
when the prevention is successful and y — p — d, otherwise. Hence, the
difference — the expected return on prevention — is r(d — a1) + d. Let D be
the MOP when § = 0; then under a DI, this difference would be D. Note
that d < D < (1 + rd)d depending on a;. Hence, corollary [4.1] states that
this return is higher when setting up a MSC than under a DI. This is due to
the following leveling effect: an increase of § lowers the expected indemnity
payments in period two. However, this lowers d in both periods. Hence, the
d in period two does not decrease enough to equalize the expected return
on prevention.

But, if the insured is sufficiently risk avers, this effect will be counteracted
by decreasing marginal utility. This is the core of proposition [4: under a
MSC, the welfare is always higher in period two than under a DI. Thus, a
risk avers insured has more incentive to prevention under a DI. Furthermore,
the requirement of a positive solution of problem (13) is obvious: if e},; =0,
no further reduction of the effort is possible. In the case of ll, the incentive
to prevention is low. This leads to an ambiguous impact on effort.

To sum up, if the above mentioned leveling effect is not too prominent,
and if there is a real incentive to prevention, risk aversion will lead to reduced
long-term prevention activities under a MSC.

In section[3.1, we have shown that a MSC is under certain circumstances
superior to a DI which means that the choice of a MSC yields higher expected
utility. It may be that this difference can lead to the purchase of lower
coverage, which, then, can increase the incentive to prevention.

5 Conclusions

The purpose of this paper was to compare a common deductible insurance
with a medical savings contract. We have shown that a medical savings
contract can increase the welfare of an insurance buyer due to reduction of
income risk. So, from the insurance buyer’s point of view, a further spreading
of MSCs would be preferable. Furthermore, under the assumption of equal
costs, a pure MSC reduces the income risk also more than a private savings
plan. Hence, the insurer should add a MSA-option instead of leaving the
insured on her own.

15



The idea that a MSC will lead always to more disease prevention ac-
tivities is not as unambiguous as one might think. The key prerequisite of
a comparison of insurance policies is the equal size of the actuarial value
of the policies. Supposing that, however, leads to ambiguous results, i.e.,
the possibility of a decrease in effort to prevention. Hence, if a reform of
a country’s health care financing system aims to reduce the moral hazard
problem with the help of an introduction of MSCs, one has to impose an
increase of the insured’s contribution to her medical expenses. Otherwise,
one cannot be sure that the effort to prevention will actually increase.

A  The Proofs

A.1 Proof of Lemma 2|
With § =0 and v/, > 0

—pgv > Egp[pus)] + Epg[uy] 4+ Enn[u) + pus), (21)
where
14
—Pa= T, (Ein[1] + Ep[r] + Epnll +7]) . (22)

Setting (22) into (21), multiplying both sides by r and dividing by the term
in the brackets of (22), we get

701 + )\v’ S Eiprpuly, + Epgruy + Epp[ru) + roub) .
14+r = Eppl 4+ Epyr + Epp(1 4 7)

(23)

Because of u} 5 = u/(y — p — d) for every u’ on the rhs of (23), we can place
it outside the brackets. Simplifying yields the result of the lemma.

A.2 Proof of Corollary

At the point § = 0 the arguments of the utility function are identical in both
periods: income minus premium and medical costs. If the medical costs are
independent and identical distributed, the difference between the expected
marginal utilities without the multiplier (d — a1) becomes zero. However,
the multiplier (d — aq) is high exactly in those situations where the medical
costs are low in the first period. Therefore, (d—aj) weights those cases more
where the difference of the marginal utilities is negative.

Proof. Withrp =1, Egq((d—a1)(u] —uf)) correspondents at the point § = 0
to:

d d
/O /0 (d — ay)(tf, — uh) f(a) f(az)dasday (24)
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with uf = u(Y — P — a;) and v}, = u(Y — P — ag). Cutting the intervals
[0,d] of a; and ag into [0,d/2] and (d/2,d] leads to

d/2
/ / — a1)(uj — uy) f(a1) f(az)dasday

/ / —a1)(u) — up) f(ar) f (az)dasday
/ / — ar)(uy — uy) f(a1) f(az)dazda 25)

d/2
" /m/o (d — a1) () — ub) f(a1) f (az)dazday.

The signs of the first two summands are unknown until now. However, one
can see that the third summand is negative and the fourth positive because
of the bisection. Furthermore, the assumption of independent and identical
distributed medical costs ensures that the following applies:

/2
d/Q(Ui — uy) f(a1) f(az)dasda; | =
4 pd)2 (26)
/ . | =) ) aa)dasdan.
Multiplying both sides of with (d — %l) and recognizing that
d/2
d/z(d — a1)(uy — uy) f(a1) f(az)dazday
o @
d/Q(d - 5)(“'1 —uy) f(a1) f(az)dazday
and
d  pd)2
| [ = a =) (e dasda,
/ (28)

d pd/2 d
- /d/z/o (d- 5)(1/1 — up) f(a1) f(az)dazdas,

applies, leads to the conclusion that the absolute value of the third summand
in (25) is higher than the value of the forth summand. Therefore, the sum of
both is negative. The first two summands could be divided accordingly, and
the argumentation is the same as before. Again, one gets a sum of two terms
which is negative and two terms with unknown sign. This halving could be
done again and again, so that the overall sum is negative. Therefore, the
condition for a positive rate of saving from lemma |3 is met. O
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A.3 Proof of Proposition 2

Define D = {(d,d) : V; >0 & ¢ > 0}. For all (d,0) € D equation (23)
becomes
14+ A ’ Tts{Eu [Ull — UIQ] + Elh[u’l — u:i]}

T v > + ). 29
1+7r _Elh(1+T5)+Eth’+Ehh(1+T) d ( )

Setting (29) into (10]) leads to

vs > — Ey[(d — ar)(u) — uy)]

T(S{Ell [ull - U,Q] + Elh[ull - UZZ]} / / (30)
E — — .
* lh{(d al) [Elh(l+7“(5) +Eth+Ehh(1+T> +ud “

Therefore, to get v > 0 for all (d,d) € D we need that
i) the second summand of is positive,
ii) and the rhs of (30) is positive, too.

If i) holds, then, clearly, ii) can be ever established by increasing ¢
F(lh)/F(ll). Let ¢1 be the lowest ¢ where rhs is positive for all (d,d) €
So, we only have to show that i) is true.

The second summand of (30) is positive whenever

D.

rO{ By [uy—uy |+ B [ug—uy |} < (ug—uy ) {Eip (1476)+Epr+Epp (147)} (31)

On the lhs of (31)), the first summand in the brackets should be negative
because of the transfer of money from period one to two. Then, due to
Ep[ul, — )] < (ul, —u)), condition (31) is satisfied whenever

rd < Elh(1+T6)+Eth+Ehh(1+T). (32)

However, if Ey[u)—u)] > 0, we have to increase the required ¢ until Ey[uf, —
ui] + By [u), — ] < (u), —u)); and condition (32) can be applied. Let ¢o be
the lowest ¢ where this is true for all (d,d) € D.

Substituting 1 by Eyl + Ejp1 4+ Epl + Eppl in (32) leads to

Ey[rd] — Emn[l] < Epfr(l —0)] + Epp[r(1 —6) +1]. (33)

The rhs of is non-negative. Let ¢3 be the lowest ¢ where the lhs of
becomes negative for all (d,0) € D.

To sum up, vy > 0 for all (d,d) € D if the joint distribution function
exhibits a ¢ > max{¢1, 2, P3}.
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A.4 The Impact of ) on d

Because the premium is fixed an increase of § has to be absorbed by a
decreasing d. The premium function is

1+ A

E(ri1 + mia). (34)

Applying the implicit function theorem gives

od P’
! [
=" __5 35
which is equivalent to
od _ FElh[’l“(d — al)] (36)

96— 7Eu[1+ 78] + Enlr] + Epnlm + 1]’
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