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Abstract

This paper investigates the impact of population aging, driven by medical progress, upon age-
specific expenditure on health care. In a model set up in discrete time, individuals at each age
may catch a lethal disease which, upon receiving appropriate medical treatment, nevertheless
involves a mortality risk such that length of life is stochastic. The incidence of lethal diseases,
the associated survival probability conditional upon treatment, and health care expenditure
conditional upon health status may all depend on an individual’s history. For a given age, the
history of an individual contains information on her health status in the past.

Medical progress is taken to involve an increase in the survival probability of a specified le-
thal disease. On the one hand, this produces a direct effect on age-specific health care expen-
diture to the extent that progress affects the cost of treatment of the disease. On the other
hand, indirect effects may also arise. These effects are caused by individuals who, having sur-
vived the disease at some prior age due to progress, change the structure of individuals alive
at current age. Specifically, the “new survivors” may have an influence on age-specific ex-
penditure either through changes in the incidence of lethal diseases or in the associated treat-
ment cost. The sign of an indirect effect crucially depends on health care expenditure for
“new survivors” relative to their peers.

The analysis yields a number of general results which are important for the discussion of the
impact of medical progress on the age profile of health care expenditure. Compression of
morbidity, to the extent that it involves a reduction in age-specific expenditure, is neither nec-
essary nor sufficient for medical progress to produce a downward shift of the profile. A simi-
lar observation applies to an expansion of morbidity. Both concepts relate to “new survivors”
and, thus, take into account only indirect effects of progress.
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1. Introduction

Aging of the population is a well-known phenomenon currently under way in most developed
countries. A declining overall birth rate, coupled with reductions in age-specific mortality
rates, has fuelled a process of double aging over the last decades which led to substantial
changes in the age composition of the population. It seems safe to assume that this process
will carry on in the future.' In particular, advances in medical technology are projected to re-
duce age-specific mortality further and particularly so in higher age classes.

What is the impact of an aging population on the demand for health care and on health care
expenditure? A substantial body of research has evolved in the recent past in order to address
these issues.” The answers are important not only for the future evolution of the health care
system but also for the financing and, in particular, the sustainability of social health insur-
ance.

The traditional approach to forecasting health care expenditures under conditions of demo-
graphic change is simple: A given expenditure profile, i.e., a vector of age-specific health care
expenditure, preferably containing most recent data, is combined with the age structure of the
population as projected for a future year.” Thus, one obtains health care expenditure in a fu-
ture year, with the change to the current year being due to demographic change by itself.*
More specifically, since cross-sectional data indicate that age-specific expenditure rises
sharply with age, the approach implies aging of the population to produce an increase in per
capita expenditure.

However, the traditional approach has come under attack for being naive.’ Essentially, the
main criticism runs as follows: Aging of the population cannot occur by itself but must relate
to a cause, e.g., medical progress, an increase in preventive activities through better lifestyles
or some other reason. Now any factor which has an influence upon the age structure is also
likely to produce changes in age-specific expenditure on health care, albeit in a less obvious
manner.® If that is true, both the significance and the usefulness of the traditional approach
may be questioned.

Medical progress provides a staple example. Advances in medical technology may lead to
reductions in the mortality of patients from specific conditions, thus contributing to or even
driving the process of population aging. This raises two issues which are relevant for the im-
pact on age-specific health care expenditure. First, the change in treatment strategy may affect
the cost of treatment.” Second, increases in longevity produce “new survivors” who may con-
sume different amounts of health care in comparison with their peers.

! For the OECD countries cf. Lafortune et al. (2007), S. 11ff. For Germany, cf. Federal Statistical Office (2006).
% Surveys are provided by Newhouse (1992), Technical Review Panel (2000) and Westerhout (2006).

3 E.g., cf. Abel-Smith/Titmuss (1956) for an early application, as well as Dang et al. (2001).

* Cf. Reinhardt (2003: 30).

> Cf. Breyer/Felder (2006).

% This is certainly true of the two factors just mentioned. For a general analysis along these lines, cf. Richardson
(2004).

7 Cf. Technical Review Panel (2000: pp. 28-37).



For the second issue, the literature offers competing views with respect to the impact on the
expenditure profile. According to Fries, the rise in length of life mainly provides an individual
with additional healthy time. Thus, medical progress involves a compression of morbidity
over the — extended — life-cycle such that a decline in age-specific morbidity comes about.®
Taking the opposite stance, Gruenberg and Verbrugge suggested that increases in life expec-
tancy primarily will be spent as sick time.” In their view, medical progress leads to an expan-
sion of morbidity, producing a rise in age-specific morbidity.

As time elapses, the two views can be taken to imply shifts of the health care expenditure pro-
file which occur in opposite direction. The available empirical evidence on this issue appears
to be mixed. To some extent, improvements in age-specific health status seem to have taken
placel.]lo On the other hand, expenditure profiles usually have shifted upwards in the recent
past.

Another line of argument stresses the significance of time to death rather than age.'” The “cost
of dying” approach is based on the observation that, for each age, per capita expenditure on
health care for decedents by far exceeds the corresponding expenditure for survivors.”> As the
population ages, the relative number of decedents at each age will decline. Hence, ceteris
paribus population aging tends to reduce age-specific expenditure on health care. In recent
years, several projections have taken this effect into account, yielding lower expenditure fig-
ures than the traditional approach.'*

The main objective of the present paper is to investigate the impact of medical progress on
age-specific health care expenditure by means of a theoretical model. More specifically, pro-
gress is taken to reduce mortality and, thus, to drive the process of population aging. In con-
trast to the bulk of the literature, however, health care expenditure is linked explicitly to
health status. More precisely, the following analysis relies on the simple notion that the treat-
ment decision can only depend on information which is available at the time a decision must
be taken: An individual’s current health status and possibly his history of health status in prior
periods as well. A similar statement applies to expenditure on health care.

Therefore, at any age, per capita expenditure on health care depends on the distribution of
health status and the associated treatment cost. It follows that the model is able to capture
both effects of medical progress on age-specific expenditure mentioned above. In particular,
changes in the distribution of health status due to the presence of “new survivors” in later pe-
riods are taken into account.

8 Cf. Fries (1980), Fries (1983) and Fries (2000).

? Cf. Gruenberg (1977), Verbrugge (1984).

!0 Cf. Dinkel (1999), Cutler (2001), Busse et al. (2002).

"' Cf. Technical Review Panel (2000), Reinhardt (2003), Buchner/Wasem (2006). In some contrast, Seshamani
and Gray show that this has not been true for England and Wales, cf. Seshamani/Gray (2004).

12 Cf. Fuchs (1984), Zweifel et al. (1999), Stearns/Norton (2004), Breyer/Felder (2006), Werblow et al. (2007).

' The only exception being very old age, i.e., ages above 85 or even 90 years.

'* Cf. Stearns/Norton (2004), Breyer/Felder (2006).



The paper is organized as follows. Section 2 presents the theoretical model. In section 3, after
a description of medical progress, I derive two kinds of effects on age-specific expenditure on
health care. Section 4 gives a discussion of the results while the last section concludes.

2 The model
2.1 Building blocks

This section sets up a model which will serve later to analyze the impact of medical progress.
The focus is on mortality, i.e. morbidity-related health outcomes will not be addressed explic-
itly. In each period of calendar time, members of a new generation are born who may live for
a maximum number of Q periods. Actual length of life is stochastic, however, because an
individual faces a mortality risk in each period. This probability of dying is generated by two
factors of influence: The probability of catching a lethal disease, i.e. a disease which involves
a certain risk of dying, and the probability that the patient does not survive appropriate medi-
cal treatment.

A basic assumption is that the important variables of interest do not change over time. Hence,
a long-term view is adopted which relates to a stationary state such that members belonging to
different generations all face the same parameter values over their lifetime. It follows that,
when referring to a member of a particular generation, it suffices to specify her age while it is
not necessary to account for calendar time explicitly.

As explained in the introduction, the main objective is to model age-specific expenditures on
health care. Therefore, it is not necessary to account for the number of births or the number of
individuals within a cohort over time.

Each individual is born at the beginning of a period and will die either at the end of the first or
some later period. As mentioned above, lifetime T of a member of a generation will be taken
not to exceed an upper bound Q:"

(1) 1<T<Q.

At each age, an individual may catch a lethal disease. In total, there are n such diseases.
Moreover, it is also possible that no lethal disease occurs. Hence, an individual’s health status
within a period t of her lifetime can be represented by a variable D, which satisfies:

) D, efd, ;sd, 5dp p 1St<Q.

n+l,t

Specifically, d;, denotes the event that health status d; turns up at age t. More precisely, for

1 < j<n the index j is taken to indicate a lethal disease whereas d_ , denotes the absence of

n+l1
such a disease. Note that the latter status may also involve a disease albeit one that never re-
sults in the death of the individual.

' Q) can be interpreted as an upper bound upon length of life imposed by biological limitations, cf. Fries (1980),
p. 130f.



An important feature of the model is that previous lethal diseases may exert an impact on the
individual as well as on health care expenditure at a later age. To be sure, this presupposes
that medical treatment of those diseases has been successful. More specifically, the history of
an individual contains information upon her health status at each prior age. For a later life
period t, the set H, of all histories of an individual who is still alive is given by:

(3a) H =D, ®D,®..®D,,.

A specific history h, is an element of the set H, which can be represented by a vector of di-
mension t-1."° Its i-th component h,; denotes health status at a prior age i. Furthermore, let
h, _jir) denote the first i-1 components of the vector h, . Intuitively, the vector h, , ,j repre-

sents that part of an individual’s history h, which includes the first periods of her life up to
period i-1:

(3b) ht,—[i,t—l] = (ht,l ht,2 ht,i—l)'

The next task is to define the incidences of lethal diseases as well as the corresponding sur-
vival probabilities. With respect to lifetime, observe that the first and the last period Q repre-
sent special cases, albeit for different reasons. In the first period, by definition no history is
available for an individual. On the other hand, lifetime cannot exceed Q by assumption. An-
other assumption is that an individual always receives medical care as is appropriate for his
health status. Specifically, in the case of lethal disease, the associated survival probability
always reflects the prevailing state of medical knowledge.

In the first period, the incidences of lethal diseases satisfy:
(42) 0(p(d, )<L 1k D p(d,)(1.
k=1

This implies for the probability of the absence of such a disease:

(4b) pld,.)=1-2pld,,)) 0.
If a lethal disease strikes, there is a mortality risk whereas the complementary state d _, , in-

volves no such risk:

(4c) o(d k)==

In every later period, survivors exhibit a history which may influence both the incidence of
health status and the probabilities of survival in the case of a lethal disease. As long as the last
period is not reached, it is again possible that no lethal disease turns up. For every history
h, € H,, the incidences of the lethal diseases are taken to satisfy:

(5a) 0 pden )L k=1un; Y pld | )(L 2<t<Q-1.

k=1

' Observe that 2 <t < Q must hold because no history exists in the first period of life.



This implies for the probability of the absence of such a disease:
(5b) p(dn+1,t|ht):l_zp(dk,t|ht)>O; 2<t<Q-1.
k=1

Likewise, the survival probabilities now depend on the history of prior health status but oth-
erwise are restricted in the same manner as in the first period:

0(e(d[n)(1 1<k<n

(5¢) e(d |ht)=1 D 2<t<Q-1.

n+1,t

In the last period, the assumptions require some modification for reasons of consistency.
More precisely, each individual will be taken to catch a lethal disease which she cannot sur-
vive. Thus, for every h, € H,, the incidences of the lethal diseases satisfy:

(62) 0¢ p(dk,Q|hQ)( L k=1,..n; Zp(dk,9|hg):l.

n
k=1

In addition, the restriction on the associated survival probabilities is given by:
(6b) e(d, oo)=0; 1<k<n.

Taken together, the assumptions introduced up to now imply that Q represents maximum
length of life."”

For a description of the distribution of health status in a later period t, it is also necessary to
take into account the conditional probabilities of the possible histories. More precisely, the
condition is given by survival up to the period under consideration. Obviously, these prob-
abilities can be calculated by means of the parameters introduced above. More specifically,
one obtains for the probability of a history h, € H, (with t>2):

t-1

(73) P(ht ) = p(ht,l ) e(ht,l ) H p(ht,i ‘ht,—[i,t—l] ) e(ht,i ‘ht,—[i,t—l])'
i=2
In all, there are (n + l)tf1 histories relating to a period t. The probability of survival up to this
period is given by:

(7b) P(T >t)= > P(h,).

heH,

Applying Bayes’ theorem, the conditional probability of a history is defined by:

(7¢) P(h[T >t)= %.

This is the probability that an individual who survives up to the present period t has the his-
tory h,.

'7 The assumptions introduced so far imply constant age-specific mortality rates. If, in addition, age-specific
birth rates are constant as well and no migration occurs, the population converges to a stable age structure in the
long run, cf. Mueller (2000). For the analysis below, however, it is not necessary to impose further restrictions.



Observe that these conditional probabilities are very important for a description of the distri-
bution of the relevant variables with respect to age. Consider the incidence of health status in
a later period t. The probability of a history h, € H, and a health status d, is given by:

(8a) P(d,:h [T >t)=P(h[T >t)- pld, |h,).

This implies for the overall incidence at age t:

(8b) p(dk’t|T 2 t): Z P(dk,t;ht|T = t): Zp(dk,t|ht)' P(ht|T Zt)'
heH, h.eH,

The probabilities p(dk’I |T > t) are similar to the incidences P(dk,1) for the first period. How-

ever, as (8b) shows, in a later period it is necessary to take into account the structure of indi-
viduals with respect to history.

In the first period, expenditure on health care only depends on current health status and is de-
noted by L(dk,1 ) In a later period t, history may become relevant. Let L(dk,t |ht) denote health

care expenditure for an individual with health status d, conditional upon history h, .

2.2 Age-specific expenditure on health care

In general, the age profile of expenditure on health care in the present model is derived from
expected expenditure in each period. For the first period, this is given by:'®

n-+1

(9a) El(l—l):kz_:,p(dk,l)' L(dk,l)'

In every later period, the structure of individuals with respect to history needs to be taken into
account as well. For expected health care expenditure, conditional upon a given history, one
obtains:

n+l1

(9b) Et(Lt|ht):zp(dk,t|ht)' L(dk,t|ht)'
k=1

This implies for expected health care expenditure in a later period:

(9¢) Et(Lt|Ht): Zp(ht|T Zt)'Et(Lt|ht)'
h eH,

In order to prepare for the analysis of medical progress below, it is useful to consider several
ways of decomposing expected health care expenditure for a later period t. This is done by
adding further conditions, apart from survival up to that period. What does this imply for the
incidence of health status and expected health care expenditure at the current age? Since the
values of these variables, conditional upon history, are given by assumption, an influence may
operate only through a change in the conditional probabilities of the histories themselves.

'® The subscript ,,t“ is added to the expectation operator to indicate that expected value is taken at the beginning
of period t, i.e., before current health status is revealed.



Suppose an individual of age t has survived the lethal disease m in a prior period j. This im-
plies that her history satisfies h,; =d,, ;. The total probability that a history relating to the

current age t satisfies this condition is given by:

(10a) P(h,, =d,, [T >t)= ZP(h T >t).

hyeH;

h j=0mj

Applying Bayes” theorem, one obtains for the conditional probability of a history which in-
cludes the lethal disease m in the prior period j:

P(h[T >t)
P(h,, =d, [T >t)

(10b) P 2th, =d,,)- |
m.j
Any other history satisfies the complementary condition h, ; # d,, ; and, thus, cannot occur as

long as one imposes h ; =d, ;

Given the additional condition h, ; =d, ;, the incidence of health status in the current period
is defined by:

(100) pld,,[T2th; =d,,)= > pldn,) Plh|T 2t:h; =d,,} 1sk<n+l.
Bej=dmj

In turn, this implies for expected health care expenditure at age t:

(10d) E (L[H:h, =d,;)= h{z Plh|T 2t:h, =d,, )-E(L[h).

eH,

ht.j =dm,j

Likewise, for an individual of age t who did not catch the lethal disease m in a prior period j,
one obtains for the total probability of her history satisfying the condition that the lethal dis-
ease did not turn up in a prior period j:

(11a) P, #d,,T>t)= 3 Ph[T>t).
heeHy
ht7j¢dm.j

Then, Bayes” theorem implies for the conditional probability of a history which does not in-
clude the lethal disease m in the prior period j:

P(h[T >t)
P(h, =d, [T >t)

(11b) Ph[T=th, #d,, )=

>N, ]

Any other history satisfies the complementary condition h,; =d_ and, thus, cannot occur as

long as one imposes h,; #d_ ;.

Given the additional condition h; #d_,, the incidence of health status in the current period
is defined by:

(11e) pld,, )= 3 pld ) PhfT2th, #d, ) 1sks<n+l.

heeHy¢
e, j#dm,j
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In turn, this implies for expected health care expenditure at age t:

(11d) E(L|H:h, =d, )= b Ph|T 2th, =d, )-E(Lh).

e, j#dm, j

Consider an individual of age t. Clearly, her history either satisfies h, ; =d,, ; or the comple-

mentary condition h ; #d,_ . Thus, expected health care expenditure for all individuals of

that age, Et(Lt|Ht), just represents the average of expected expenditure for those two groups.

Indeed, relying on the definitions above, one obtains the following decomposition:
(12) Et(LtIHt)
=P(h,; =d,,[T 2t)-E (L[Hi:h =d, )+ Pl 2 d, T 2t) E(L|Hih =4, ).

Alternatively, a particular health state in the current period may act as an additional condition.
Applying Bayes” theorem again, one obtains for the probability of a history h, € H, under the

condition that current health status is given by d, ;:

. _ P(ht|T Zt)'zo(dk,t|ht)
(13a) Ph T >t:d,, )= D
Thus, the corresponding expected expenditure on health care is defined by:
(13b) E(L[H:d )= S PhT 2td,, )-L(d,[h).

heeH,

For the special case k=n+1, one obtains E ( ‘HI ;d I) 1.e. expected health care expenditure

for individuals who do not catch a lethal disease in the current period. In sum, (13b) leads to
the following decomposition of expected expenditure on health care relating to age t:

n+1
(13¢) E(L|H,)= kZ:p(dk,t|T >t)-E,(L|H,;d,, ).
=1

In general, it is useful to take into account the incidence of a lethal disease m for which pro-
gress will be available later on. Moreover, it is also worthwhile to consider the composite

event d_ . explicitly. For the probability of this event which is complementary to d;, one
has:
. n+1
(14a) pldn T =t)= > pld, [T =t)=1-p(d,,[T >t).
k=1

k#m

This implies for the incidence of a health status other than d, , in the current period under the

m,t

additional condition d,, :



(14b) oo

T>t
= ’ ; 1<k<n+1; k=m.
>

Combining these conditional incidences with expected expenditure on health care according
to (13b), one obtains expected health care expenditure for individuals who do not catch the
lethal disease m at current age:

(15a) £ L, T>td,, ) E,(L[H.:d,, ).

Ht;dm,t): k: p(dk,t

k=m

This provides another decomposition of total expected health care expenditure:

(15b) E(LH,)

=p(K|T Zt)' Et(Lt Hy; m,t)+p(dm,t|T Zt)' Et(Lt‘Ht;dm,t)‘

Finally, consider individuals who have survived the lethal disease m in the prior period and
will experience a particular health state in the current period. Observe that this involves a
combination of the two types of conditions investigated above. Again, Bayes” theorem yields
the probability of a history h, € H, relating to a later period t given that h ; =d ; holds and

current health status will be equal to d, , 1

P(ht‘T >tih, | = dm’j)-p(dk’t|ht).

(16a) P(ht‘T 2th ;= dm,i;dk"): p(dk,t|T >t;h ;= dm,j)

Under these conditions, expected expenditure on health care at age t is equal to:

(16b) E (L[H:h, =d, :d,, )= > P(h[T 2t:h, =d, :d,, ) L[, [h,).
e j=dm j

For k=n+1, one obtains E, (Lt‘Ht;ht, ;=d, j;dnﬂ,t), i.e. expected health care expenditure for

individuals who survived the lethal disease m in the prior period j and do not catch a lethal
disease in the current period. Taken together, (16b) leads to a further decomposition of ex-
pected expenditure on health care at age t:

n+1

(16¢) Et(Lt‘Ht;ht,j :dm,j):kz_:,p(dk,th— Zt;ht,j :dm,j)'Et(Lt‘Ht;ht,j :dm,j;dk,t)'

"% Of course, this applies only to histories which satisfy ht, i= d m,j
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3. Long-term effects of medical progress on age-specific health care expenditure
3.1 Medical progress

In what follows, medical progress is taken to improve the ability to treat a lethal disease such
that the associated survival probabilities increase in every period except for the final period Q.
As demonstrated below, this implies an increase in the probability of survival up to every later
period. Hence, medical progress leads to an increase in life expectancy at birth but maximum
length of life remains as before.

More specifically, the assumption is that progress occurs with respect to treatment of the le-
thal disease m. In the first period of life, it brings about a relative increase in the survival
probability relating to that disease as stated by the following condition A :

o N
' eidmjli Somee

Additionally, in each later period t up to Q-1, condition A, implies the relative increase in the
survival probability associated with the lethal disease m not to depend on an individual’s his-

tory:
d [e(d, o)

(17b) T—Te dm,t|ht

=a,, )0 VheH,; 2<t<Q-1.

All other exogenous probabilities of the model remain unchanged. Therefore, medical pro-
gress has no effect upon the incidence of lethal diseases conditional upon history. Similarly,
the associated survival probabilities for every other lethal disease do not change.

In comparison with the original stationary state, progress in the long term has an impact upon
the structure of individuals with respect to history. First, for given probabilities of the histo-
ries, a reduction in age-specific mortality occurs in every period except for Q. These changes
reflect the direct effects of medical progress on mortality. As a result of a direct effect operat-
ing in a period t, more individuals will be alive in the following period and possibly in further
periods as well. A characteristic of these “new survivors” is that their history contains the
lethal disease m in some prior period. Hence, the structure of individuals with respect to his-
tory will also change due to medical progress. In turn, this gives rise to a second type of ef-
fects, i.e., indirect effects upon age-specific mortality which may turn up in every period t
with 2 <t<Q.

In general, the improvement in treatment capability brought about by progress will also affect
the associated expenditure on health care in case of the lethal disease m. In what follows I
assume a constant elasticity of health care expenditure for that disease with respect to the as-
sociated survival probability. Specifically, in the first period this elasticity will be denoted by

20
a parameter C,;:

 Intuitively, health care expenditure for any lethal disease will generally depend upon the outcome, i.e., the
associated survival probability. In order to economize on notation and since these probabilities remain constant
for any other lethal disease, this is not taken into account explicitly.
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diL(d,, )}~ dleld,,)]
(18a) L(d,, =Cp, 'm =Cpy - Ap -

Likewise, in every later period t with 2 <t < Q) —1, one has for every history h, € H,:

d[L@nh)]_  dle(dnfn)]

1 - —c . -.a. ..
- L) e o

In some contrast to the parameters a_ ., it is not possible to indicate the sign of the cost pa-

m;t >
rameters C . a priori. More specifically, the sign depends upon the type of technological

change under consideration. On the one hand, an improvement in the outcome of treatment, as
given by the higher survival probability, represents a product innovation. On the other hand,
this may also involve a reduction in the cost of treatment which can be interpreted as a proc-
ess innovation. In the special case ¢, =0, the higher quality of treatment is exactly matched

by cost savings such that overall there is no effect on health care expenditure. However, for
Cnt (O cost savings dominate whereas for ¢, ) 0, the higher quality represents the domi-

nant or perhaps even the only factor.

What is the impact of medical progress upon age-specific expenditure on health care? As in
the case of mortality, it is again useful to distinguish between two types of effects. For a given
structure of individuals with respect to history, direct effects upon health care expenditure
may occur in every period except for . In addition, further changes in expected expenditure
on health care may arise due to changes in the structure of individuals. As indicated above,
these tend to increase the share of individuals with the lethal disease m in at least one prior
period at the expense of individuals who did not catch that disease in the past. Hence, in later
periods the “new survivors” may cause indirect effects on age-specific health care expendi-
ture.

To be sure, after medical progress has taken place both direct and indirect effects on age-
specific health care expenditure will occur together in the long run because conditions A
through to A, , hold simultaneously.”' In particular, expenditure at age t will be affected by
conditions A upto A, with A upto A_, governing the indirect effect and A, producing the
direct effect. Therefore, it should be kept in mind that the distinction between the two types of
effects introduced above represents but a conceptual device. However, as the analysis below

will reveal, this is useful in that it leads to a better understanding of how medical progress
affects age-specific expenditure on health care.

I A similar statement applies to direct and indirect effects on age-specific mortality.
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3.2 Direct effects

In the first period of life, the direct effect of progress on health care expenditure can be de-
rived from (9a) and (18a). Specifically, one obtains:

(19a) d [E1(|—1 )] = p(dm,l)' d [L(dm,l) =Cpy @ 'p(dm,l ) L(dm,l)'

With no history available for that period, there can be no indirect effect. Thus, (19a) also
represents the total effect on expected health care expenditure in the first period.

For a later period, one needs to keep the structure of individuals with respect to history in or-
der to be able to identify a direct effect. Thus, the probabilities of the histories conditional
upon survival remain constant and a similar statement applies to the incidences of health
states.

Making use of (13c¢), this implies for the direct effect of progress on health care expenditure:

(19b) d[Et(Lt|Ht)A[=p(dmt| t)-d[E(L|Hsd, )l 25t<o-1.

Next, (13b) and (18b) yield for the change in expected expenditure on health care conditional
upon the occurrence of the lethal disease m in the current period:

:Cm,t'am,t' ( ‘Htﬁ mt)

(19C) d[Et( t’dmt)]At

In sum, one obtains for the direct effect in a later period t:*

(19d) d[Et(Lt|Ht)]A[:cm,t-am,t-p(dm,t|T >t)-E(L|H;d, ) 2st<Q-1.

Not surprisingly, the sign of the parameter c,, governs the sign of a direct effect. For the size

of this effect, the incidence of the lethal disease m in the original stationary state turns out to
be important as well. Intuitively, this can be explained by the fact that a given change in ex-

penditure E ( ‘Ht ;d t) ceteris paribus will have a greater impact on age-specific health care

expenditure the higher the probability of the associated condition d ;.

** By construction, this is the change in expected health care expenditure E, (Lt | H, ) given that the conditional

probabilities P( LT 2 )remain constant.
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3.3 Indirect effects

At higher ages, indirect effects upon health care expenditure can turn up because medical pro-
gress influences the probabilities of histories conditional upon survival. As explained above,
these changes are due to the increase in conditional survival probabilities associated with
treatment of the lethal disease m in prior periods. Hence, in a later period t in general it is nec-
essary to take into account t-1 indirect effects each relating to a prior period j with
1<j<t-1.

In order to be ready to cope with the potential multiplicity of indirect effects, define a set
It(ht) for a history h, € H, which includes those prior periods in which the lethal disease of

interest has occurred:
(20) It(ht):{jez‘lsjst—l;ht,j=dm,j}.

If the history does not contain the event d, , the individual under consideration has not ex-

perienced the lethal disease m up to now. Hence, the set It(ht) will be empty.

With these definitions, it is possible to describe the change in the structure of individuals with
respect to history at every later age. First, one has for the increase in the unconditional prob-
ability of a history:

(21a) d[P(ht)]: Azam,j 'P(ht)-
In turn, this implies for the associated relative increase in this probability:

d[P(h,)]
21b —_— = am o
( ) P(ht) 1-6%‘111) !

Ceteris paribus, the relative increase becomes bigger the more often the lethal disease m is
included in a history.

Lemma: For the set H, of histories relating to a later period t, one has:

t-1

(22) > > a,-Ph)=% > a, Ph)
heeHy jeli(h) j=1 heeH;
Nt j=dm, j

Consider an arbitrary history h, € H, which contains the lethal disease m in a prior period j’,
ie., with ' e It(ht ) Then, for j=j’, the history h, belongs to the set {ht € Ht‘hw_, = dm,j,}.

This shows that each term on the left hand side also appears on the right hand side. Con-

versely, consider an arbitrary prior period j*° and a history h  belonging to the set
{hl € Ht‘ht‘j,, =d, } Clearly, for h, € H, this implies " e It(ht ) Thus, each term of the

right hand side is also included in the sum on the left hand side.
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Corollary 1: For the set H, of histories relating to a later period t, one has:

t-1

(23) Z Zamyj P(ht)= Zamj . t )
heH, 1<j<t-1 j=1 h.eH,
jeli(h) he.j#0dm

The proof of corollary 1 relies on the above lemma. First, note the following equivalence:

(24a) > Zam h)+ Ya,;-Ph)[=> >a,, - Ph).

h eH; ]el( I<j<t-1 hyeH; j=1
jeli(h)

Similarly, one has:

(24b) i Zam,j'P(ht)"' Zam,j'P(ht) :Z Zam,j‘P(ht): am,j'P(ht)’

j:1 thHx thHt j:l htEHt htEHt j:1
h j=dn j RN

with the last equivalence due to the fact that the double sum contains only a finite number of
terms.

Combining (24a) with (24b) and applying (22), one obtains (23). Corollary 1 will be useful in
providing another representation of indirect effects on age-specific health care expenditure.

Making use of (22), one obtains for the increase in the probability of surviving for at least t
periods:

(25a) d[P(Tm)]:d[ZP(ht} 3 > a,-P(h)

h,eH; j=1 heH;
N j=dm
t-1 t-1
=28 P(ht): Anj 'P(htj =d, J)
j=1 heeH, j=1
hy j=dp j
This is equivalent to:
a,  -Plh
e & ae T
(25b) - - a,, P, =d, [T >t).
P(T >t) P(T >t) cymd S

The impact of medical progress, operating through a prior period j, is due to two factors:
Apart from the relative increase in the survival probability captured by the parameter a_ ., the
size of the effect also depends on the relative frequency of the lethal disease m in the prior
period j, as evaluated from the perspective of the current period t. The latter factor is repre-
sented by the probability P(ht ;=dp j|T > t). The product of both factors expresses how the

m,j >

“new survivors” of period j contribute to the increase in the probability of survival up to the
current period t.
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Relying on (21b) and (25b), the relative change in the conditional probability of a history is
given by:

d[P(h)]_d[P(T >1)] o ]
T=t)  P(h) PP =1) = 2 A m 22, P, =d, [T >t)

= n [ - P(ht,j - dm,j|T Zt)]_ Zam,j 'P(ht,j - dm,i|T 2t)~
jel (h) I<j<t-1
jeli(h)
If the history does not include the lethal disease m at all, the conditional probability of a his-
tory must decline. On the other hand, the conditional probability of the history which contains
the lethal disease in each prior period necessarily increases. For any other history, it is not
possible to establish the sign of the relative change in its conditional probability in general.
Ceteris paribus, survival of the lethal disease m in a prior period acts to increase the condi-
tional probability of a history, whereas the occurrence of some other health state in a prior
period works in the opposite direction.*

For the change in the conditional probability of a history, one obtains:

(26b) dPhFZM={§am—ﬁ%yﬂm=dMTNﬂPmF2d

jele(hy)

Now it is possible to describe the overall indirect effect on health care expenditure due to
medical progress in a concise manner.

Proposition 1: Medical progress, as given by (17a), (17b), (18a) and (18b), exerts a total indi-
rect effect on expected health care expenditure in a later period which is equal
to:**

@7) dlEbml, A

t-1

A, | 'P(ht,j :dm,J|T Zt)-[Et(L[|Ht;ht’j :dm,j)_ Et(Lt|Ht)]'

j=t

Using (26b), one obtains from the definition (9¢) of expected health care expenditure for a
later period t:*°

2 Observe that each term, taken by itself, on the right hand side of the last equivalence in (26a), is positive.
* By construction, this is the change in expected health care expenditure E, (Lt|Ht) given that the survival
probabilities in the current period remain constant.

* Since the focus in on indirect effects, the terms E, (Lt |ht ) remain unaffected.
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ew sl

= hZ { Z(;?m,j — 2.8 'P(hu =d,, ;[T >t) 'P(ht|T >t)- Et(Ll|ht)

a,, -P(h,=d, [T >t)E(L[H,)

= Z Z an 'P(ht|T 2t)'Et(Lt|ht)_

t_
heeHy jelg(hy) =

Making use of (11b), (18) and the lemma, it is possible to transform the first sum as follows:

(28b) x> a, P(hT zt)-Et(Lt|ht)=;ZI; X a, Pt >1)-E (L)
ht.j:dm,j
Sa bl —dTs1) Ph[T>1) E(Lfh)
R T T

~Y'a _.P(h)_:d T Zt)-El(Lt\Ht;ht,,:dm‘j)-

This establishes (27).

For the purpose of interpretation, it is useful to start by looking at the right hand side of (27).
Each term in brackets corresponds to an indirect effect relating to a prior period. On the one

hand, its size is influenced by a,, ; - P(htj i = dmj j |T > t) and, hence, by the “new survivors” of

period j, to the extent that they survive up to the current period. On the other hand, the differ-
ence between expected health care expenditures E, (Lt|Ht; h;=d, j) and E, (Lt|Ht) plays an

important role as well. In particular, it drives the sign of an indirect effect. More specifically,
the difference is positive if, for a “new survivor” of a prior period j, expected expenditure is
higher in the current period than for her peers. Likewise, one obtains a negative indirect effect
if “new survivors” of a prior period j on average consume less health care in the current pe-
riod than individuals of the same age in general.

The intuition for this result on the sign of an indirect effect is straightforward. First, observe
that medical progress which has taken place at an earlier age j affects the composition of indi-
viduals who survive for at least t periods. Clearly, the rise in survival probabilities associated
with the lethal disease m at age j produces “new survivors” with respect to age j+1. Some of
these will not catch a lethal disease at that age and of those who do, some will survive by vir-
tue of assumption (5¢). A similar observation applies to each later period up to Q-1. Thus,
there will be “new survivors” with respect to every later age including the maximum age Q.

In other words, the probabilities P(ht’ ;=d |T > t) will be positive for 1< j(t<Q.

Second, medical progress relating to a prior age j will affect average expenditure on health
care at some later age t if and only if it produces “new survivors” with respect to age t who,
on average, consume a different amount of health care than their peers. Relying on the appro-
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priate expenditure concepts, this is true if and only if Et(Lt|Ht;ht,j :dm,j) differs from
Et (Lt|Ht)'

It is important to note that an indirect effect on age-specific health care expenditure crucially
depends on average expenditure for “new survivors” relative to average expenditure for all
individuals of age t. Therefore, the absolute amount of health care consumed by “new survi-
vors” is not really relevant for the sign of an indirect effect relating to a prior age j. In particu-
lar, if either the incidence of lethal diseases or the associated consumption of health care is
high for the “new survivors” at age t, average health care expenditure at that age may never-
theless decline. Conversely, age-specific expenditure may rise even though health care con-
sumption by “new survivors”, taken by itself, is low.

It is also possible to provide a slightly different representation of the indirect effects due to
medical progress. As (12) shows, E, (Lt|Ht) is the expected value of average health care ex-

penditure for individuals of age t whose history satisfies h ; =d,, ; and those with h ; =d ;.

m, j
Hence, Et(Lt|Ht;ht’j :dm,j) will be higher than Et(Lt|Ht) if Et(L1|Ht§ht,j :dm’j) is higher
than E, (Lt|Ht;ht’ ; =d ) and vice versa.

m,]j

Drawing on (26b) and noting that P(ht’j =d, |T > t)+ P(ht,j zd, ; |T > t): 1 must hold, one
obtains for the relative change in the conditional probability of a history:

d[P(h,T >t)]

(293) W: jzam’j : P(ht,j * dm,j|T Zt)— Zam’j 'P(ht,j :dm,j|T Zt)

el (h) 1<j<t-1
jel (h)

This is equivalent to:

(29b) d[P(hT >t)]

=| ¥ a,,-Plh, #d, [T>t)- 3 a,, Ph, =d
et jehn)

T >t)|-P(h[T >t).

ol

Corollary 2: The total indirect effect on expected health care expenditure in a later period due
to medical progress, as given by (17a), (17b), (18a) and (18b), is equal to:

(30) LY A

A j 'P(ht,j # dm,j|T Zt)' P(ht,j = dm,j|T Zt)'

t-1
=

E.(LJH:h, =d, )-E(L[H:h, = d,, )|
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Using (29b), one obtains from (9c¢):
31 d|(E,(L,|H

( a) [ t( t| t)]Al/\.../\A[_l

=Y | 3 a,,-Ph,=d,,T>t)- ¥ a, Ph,=d, [T>t)]-PhT >t)E(Llh)

heeHy | Jele(h) SJ'S(T-l)
jelt (hy
= hz z(:h?m,j P, #d, [T >t)-P[T >t)-E(L|n)
weH; jel (b
-y Y a,,-Plh,=d, [T>t)-PhT>t)E(Ln)
heeH, I<j<t-1
jele(he)

_Z hz 8 j - P(ht,i = dm,i|T 2 t)' P(ht |T 2 t)' Et(Lt|ht)'

j=1 heH;

: hy j#dm
For the last transformation, both the lemma and corollary 1 have been used. Next, invoke
(10b) and (11b) to arrive at:

31b) d [Et('-t|Ht)]A1 A AR

t-1

=Y a,,-Plh, #d, [T >t)-P(h, =d, [T >t)

=l

P(hyT >t) P(h[T >t)
i, Plh =do, [T sy B 2 P(h, # d,,[T s &)
i B j#dnm j

Applying (10d) and (11d), one obtains (30).

Thus, an alternative way to determine the indirect effect relating to a prior period j is to com-
pare E(L|H:h, =d,,) with E (L |H;h, #d, ).

Returning to the representation by (27), the total indirect effect on age-specific health care
expenditure at some age t is given by a weighted sum of the indirect effects relating to each
prior age. More specifically, the weights are determined by the impact which “new survivors”
of a prior age exert on the relative increase of the probability of surviving through to age t.
Hence, in (27) a given difference in brackets contributes more to the total indirect effect if it
relates to a prior period in which medical progress produces a greater number of “new survi-
vors” up to the age under consideration. This may happen either because progress yields a
high relative increase in survival probabilities or due to a high probability of the event

h ;=d,; atthe outset.
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It follows that for the total indirect effect the same qualitative statements apply, mutatis mu-
tandis, as for an individual indirect effect relating to a single prior period. In particular, the
sign of the total effect is not determined by expected health care expenditure for “new survi-
vors” at the current age either. Rather, the decisive factor is again average expenditure for this
group relative to all individuals of the same age. E.g., the total indirect effect on age-specific
health care expenditure at age t may be negative even though “new survivors” at that age, in
comparison with younger ages, face a high incidence of a lethal disease and require a large
amount of health care in such a case. However, as (27) shows, this will be true only if the cor-
responding values for all individuals of age t, on average, turn out to be even higher.

As explained above, an indirect effect is solely due to a change in the structure which indi-
viduals of age t exhibit with respect to history. However, this change is but a necessary condi-
tion. In order for an indirect effect on age-specific health care expenditure to actually come
about, history must have an influence on either the incidence of health status or the associated
expenditure on health care. To see this more clearly, it is helpful to consider three special
cases.

Take a single indirect effect relating to a prior age j. As pointed out above, the difference be-
tween E, (Lt|Ht; h;=d, j) and E, (Lt|HI) determines the sign of this effect while also affect-

ing its size. Relying on (13c) and (16c) and rearranging terms, one obtains the following rep-
resentation:

(32) Et(Lt|Ht§ht,j =dm,i)_Et(Lt|Ht)

:Zp(dk,t‘-r Zt;ht,j :dm,j)'[Et(Lt‘Ht;ht,j :dm,j;dk,t)_ Et(Lt‘Ht;dk,t):I

n+1

+§EI(LI\Ht;dm).[p(dk,t\T sthy, =d, )~ pldy[T 2t

Thus, the difference is the sum of two effects, with each effect arising from a comparison of
“new survivors” of the prior age j with all individuals of age t. First, a treatment expenditure
effect which will be positive if and only if health care expenditure conditional upon health
status, on average, is higher for individuals who survived the lethal disease at age j. Second,
an incidence effect which will be positive if and only if “new survivors” tend to be in those
health states more often that require a high expenditure on health care as measured by

Et(Ll‘Ht;dk,t)'

Consider next the following two sets of conditions:
(33a) pldeln)=pld,); ¥h eH; k=1.,n; 2<t<Q,
(33b) L(d[h)=L(d); Yh eH; k=1.,n+L; 2<t<Q.

While (33a) implies that an individual’s history fails to affect the incidence of health status at
the current age t, (33b) states that history has no influence on health care expenditure condi-
tional upon current health status. These conditions give rise to three important special cases.
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Clearly, (33a) and (33b) imply expected health care expenditure at a later age not to depend
on history:

n+1
(34a) E(Lh)=> pld, ) L(d )= E (L) Wh eH; 2<t<Q.

k=1
This implies average expenditure at age t to be the same for “new survivors” of a prior age j
and for all individuals:
(34b) E(L[Hih =d,, )= E(L[H)=E (L)} 2<sts<o1<j<t-1.

Thus, each difference in (27) is equal to zero. Therefore, medical progress at prior ages has no
influence at all upon average health care expenditure at age t.

Next, suppose that only (33b) holds. Then, health care expenditure at each age depends upon
current health status but not on history. Making use of (13b) and (16b), one obtains:

(35a) E(L[H:h, =d, :d,, )= E(L|H:d,, )=L(d,,);
1<j<t-1L k=1,...,n+1; 2<t<Q.

Furthermore, (13¢) and (16¢) imply for the indirect effect relating to the prior age j:

(35b) Et(Lr|Ht5ht,j :dm,j)_ Et(Lt|Ht)

n+1

=2[p(dk,t\T >t =d, )~ pld [T =t L, 1=j<t-1; 2<t<Q.

Hence, the sign of an indirect effect will be determined by the incidence effect alone, i.e., it
depends on the way in which survival of the lethal disease at the prior age j affects the inci-
dence of health status at the current age. More precisely, the difference is positive if and only
if, in comparison with their peers, “new survivors” exhibit a higher incidence of those health
states requiring a high consumption of medical care.

Finally, consider the implications of conditions (33a). From (8b) and (10c), one obtains:

(36a) p(dk,t‘T 2 t;ht,j = dm,j ): p(dk,t|T 2 t): p(dk,t);
This implies:
(36b) Et(Lt|Ht§ht,j =dm,i)_ Et(Lt|Ht)

n-+1

:kz_;p(dk,t)-[Et(Lt\Ht;ht,j = dy 30 - ELHad b 1< i<t-1 2<t<Q.

In this case, the sign of an indirect effect relating to a prior age j only depends on the impact
which the condition h ; =d, ; exerts, on average, upon expected expenditure conditional on
health status at current age. More precisely, the effect is positive if and only if, on average,

survival of the lethal disease m at the prior age j implies an increase in expected health care
expenditure which is necessary for the appropriate medical treatment of current health status.

m, j
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Proposition 2 summarizes the results obtained for the three cases by looking at the total indi-
rect effect upon age-specific health care expenditure.

Proposition 2: (i) If (33a) and (33b) hold, the indirect effect on age-specific health care ex-
penditure due to medical progress is equal to zero:

37 d[E, (L |H,
(372) B,

(i1) If (33b) holds, the indirect effect on age-specific health care expenditure
due to medical progress is determined solely by incidence effects:

—_

.
(37b) d[E.(LH, )] > 2, Pl =dy, [T =)

An.AA, 7

{:ii‘[p(d“h zth = dm,i)_ pldy T Zt)]' L(d,, )}; 2<t<Q.

(111) If (33a) holds, the indirect effect on age-specific health care expenditure
due to medical progress is determined solely by treatment expenditure effects:

—_

.
(37¢) d[E,(L[H,)] > 2, Pl =d, [T >t):

Arn.AAL T

{Ep(dk’t)-[Et(Lt‘Ht;ht’j —d, ;:d,)- Et(Lt‘Ht;dk’t)]}; 2<t<Q.

k=1

4, Discussion

With the distinction between direct and indirect effects, the analysis has identified two types
of effects due to medical progress which will usually affect age-specific expenditure on health
care simultaneously.”® More specifically, it is perfectly possible for these effects to differ in
sign such that no general conclusions with respect to their relative size are available. Thus, a
positive direct effect is neither necessary nor sufficient for an increase in age-specific health
care expenditure. Conversely, a negative indirect effect does not imply a reduction in age-
specific expenditure or vice versa.

In addition, the analysis provides sufficient conditions for the change in age-specific expendi-
ture on health care to exhibit a definite sign. E.g., suppose that the improvement in the treat-
ment of a lethal disease at current age involves a higher cost and that “new survivors” of prior
ages on average consume more health care than their peers. Then, there must be an increase in
age-specific expenditure on health care at current age.

*% The exceptions being the first period (no indirect effect) and the maximum period (no direct effect).
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With respect to other cases, the model highlights those variables which are significant for an
assessment of the sign and the size of direct and indirect effects, respectively. Clearly, this is
important for the evaluation of the change in age-specific health care expenditure. In addition,
it leads to a better understanding of the impact of “new survivors” upon which a substantial
part of the literature has focussed: The age profile of per capita health care expenditure may
shift upward even though “new survivors”, on average, involve lower expenditure than their
peers.

E.g., this may happen when the following conditions are met: Suppose that “new survivors”
constitute only a small part of all individuals in each age group. As demonstrated above, this

implies the probabilities P(htﬁ ;=d J.|T > t) to be low in each case. In addition, take the lethal

disease to involve a high incidence ,o(dmt |T > t) at each age. Based on these assumptions, one

obtains the following description of the lethal disease: At any given age, a sizeable part of all
individuals catches the disease. However, only a small number survives the disease.”’

Similarly, it is also conceivable that medical progress leads to a downward shift of the age
profile for health care expenditure even though “new survivors”, on average, consume a
higher amount of resources than their peers at each age. Given that indirect effects on age-
specific expenditure now are positive by assumption, this can only happen if the change in
treatment of the lethal disease involves a reduction in cost such that direct effects are suffi-
ciently negative. Again, this scenario appears to be more likely for lethal diseases with a high
incidence and a low survival probability at each age.

These considerations can also be used to argue that there is no necessary link between either
compression of morbidity or expansion of morbidity and the change in age-specific expendi-
ture on health care. If aging of the population is driven by medical progress, any change in
age-specific morbidity must be due to the influence of “new survivors”. Thus, both compres-
sion and expansion of morbidity will produce indirect effects, albeit of different sign, on the
age profile of health care expenditure.” However, due to the presence of direct effects, the
sign of the total effect will remain ambiguous in general. It follows that a downward shift of
the age profile may occur even though an expansion of morbidity takes place. Similarly, com-
pression of morbidity is not sufficient to prevent an upward shift in age-specific consumption
of health care.

At any given age, direct effects on age-specific health care expenditure are caused by indi-
viduals who suffer from the lethal disease. On the other hand, indirect effects are associated
with individuals who have survived the same disease at some prior age. Upon closer inspec-
tion, there is another important distinction between the two types of effects. By definition,
medical progress creates new knowledge, but its contents as well as its price are unknown a
priori. Hence, the sign of a direct effect can only be determined after progress has taken place.
In contrast, it is usually possible to evaluate the sign of an indirect effect beforehand. More

27 Conversely, with no change in the sign of either a direct or an indirect effect, the total effect may also turn out
to be negative. More precisely, this could happen if progress would relate to a lethal disease with low age-
specific incidence and high survival probabilities at each age.

¥ More generally, as the analysis undertaken above shows, the sign of an indirect effect on health care expendi-
ture depends on a number of factors. Ceteris paribus, a rise (a decline) in age-specific incidence of lethal diseases
can safely be taken to imply a negative (a positive) indirect effect.
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precisely, this is true whenever at the outset at least some individuals already survive the le-
thal disease under consideration.”” For a later age, a simple comparison of per capita expendi-
ture on health care expenditure between “new survivors” and their peers supplies the required
information.

Observe that it is not possible to infer the sign of an indirect effect from the evolution of age-
specific expenditure on health care for “new survivors” alone. Essentially, the reason is that
individuals who survived a given lethal disease in a prior period constitute but part of all indi-
viduals who are alive at a later age. For the sake of illustration, consider two successive ages
j+1 and j+2. In addition, suppose that age-specific health care expenditure rises with age, i.e.,

Ej+2 (Lj+2 Hj+2)> Ej+1 (Lj+1

average expenditure is given by E, (Lj+l

Hi., ) Turning to “new survivors” of the lethal disease m at age j,
Hish :dm,j) and Ej+2(Lj+2 Hi,hi = dm,j)’

Hj+1;hj+1,j = dm,j)< Ej+2(|—j+2 Hj+2;hj+2,j = dm,j)a
i.e., average expenditure on health care for “new survivors” is taken to rise with age as well.
Under these conditions, it is perfectly possible that the indirect effects on age-specific health
care expenditure turn out to be negative, i.e, that the two inequalities
Ej.i (Lj+i Hiishp = dm,j)< Ej.i (Lj+i
be the case whenever individuals who did not suffer from the lethal disease at age j on aver-
age consume a higher amount of health care at later ages than “new survivors”.

respectively. Specifically, assume Ej+1(Lj+1

H ) are satisfied for i=1,2. More precisely, this will

Furthermore, changes in the incidence of lethal diseases within the population provide no reli-
able guide to the change in age-specific health care expenditure. To be specific, suppose that
the incidence of each lethal disease rises with age. Thus, for two successive ages i and i+1 as

well as an arbitrary lethal disease k one has p(dk,m T2>i +1)) ,o(dk,i |T > i). In addition, as-
sume that the incidence of each lethal disease among “new survivors” of a lethal disease m at
some prior age j is just equal to the average incidence for all individuals. Thus, for a later age
t and an arbitrary lethal disease, one obtains ,o(dk’t ‘T >th,; =d, ): ,o(dk,t |T > t).

Given these assumptions, there is no incidence effect of medical progress. However, due to
aging, the incidence of each lethal disease within the population at large has risen. For the
sign of an indirect effect on age-specific health care expenditure, the impact of surviving the
lethal disease at some prior age on the expected cost of treatment now turns out to be deci-
sive.’® More specifically, a negative treatment effect implies the indirect effect on age-specific
health care expenditure to be negative.”’ With a direct effect that is sufficiently small, one
obtains a negative total effect on age-specific expenditure. Therefore, medical progress may
imply a downward shift of the age profile of health care expenditure even though the inci-
dence of lethal diseases within the population has increased.”

» However, as (22) indicates, in order to be able to determine the size of an indirect effect on health care expen-
diture, knowledge of the (relative) increase in survival probabilities is an essential prerequisite. For obvious
reasons, this will be available only ex post, i.e., after medical progress has taken effect.

0 Cf. (26b).

3! Clearly, the opposite conclusion holds for a positive impact.

32 Empirical research is needed in order to determine the relevance of such a case. The argument only shows that
there is no necessary link between a change in the incidence of a lethal disease within the population and the
change in the age profile for health care expenditure.
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The model of the present paper can also be used to evaluate the traditional approach to fore-
casting health care expenditure. As a first result, note that medical progress may drive aging
of the population without any change in the age profile of health care expenditure. E.g., this
will be the case if both direct and indirect effects are equal to zero, respectively, at every age.
Thus, the traditional approach does not necessarily exclude the impact of medical progress.
Rather, it can be taken to incorporate — albeit implicitly — a specific hypothesis with respect to
the relationship between a reduction in age-specific mortality and the associated total effect
upon health care expenditure.

Second, if only the direct effects of medical progress are equal to zero, it is still possible to
employ the traditional approach in a useful manner. However, in this case the approach only
indicates the change in health care expenditure due to “first round” effects while it fails to
take into account those “second round” effects relating to the impact of “new survivors”.
Hence, in order to obtain the overall change in future health care expenditure, it is necessary
to supplement the traditional approach by an evaluation of the change in the age profile due to
the indirect effects of medical progress. More specifically, as explained in section 3.3, this
requires a comparison of average health care expenditure for “new survivors” and their peers.

In any other case, it does not make sense to rely on the traditional approach when assessing
the impact of medical progress on health care expenditure. Essentially, this holds true because
it is not clear which part of the total effect is already taken into account by the approach. In
particular, the traditional approach fails to provide a lower bound on the evolution of future
health care expenditure since it excludes the possibility of a downward shift of the profile of
age-specific expenditure on health care.

The analysis undertaken in the present paper also sheds light on the hypotheses mentioned in
the introduction. More precisely, it is possible to identify conditions such that the change in
age-specific health care expenditure associated with each hypothesis is brought about by
medical progress. For the compression of morbidity and the expansion of morbidity, this has
already been demonstrated above. In addition, aging of the population may go along with a
steepening of the age profile of health care expenditure. For the sake of illustration, suppose
that the increase in survival probabilities relating to the lethal disease m fails to produce any
indirect effect. Furthermore, take average expenditure associated with treatment of that dis-

ease to increase with age, i.e., assume ,o(dm,t |T > t)- E, (Ll‘Ht;dm,t) to be an increasing function

of t. Next, let the parameters C, relating to medical progress be positive such that a, -C

m,t m,t
is non-decreasing with respect to age t. Under these conditions, (19d) implies a rate of growth
for age-specific health care expenditure which increases with age, i.e., a steepening of the age

profile.

Finally, the model lends considerable support to a critical view of the costs of dying approach.
It is true that medical progress leads to a reduction in age-specific mortality. However, taken
by itself, this will not imply substantial reductions in age-specific health care expenditure as
hypothesized by the approach. The reason is simple: Expenditure on health care relates to
treatment of diseases in the first place, and not to the outcome of treatment. Thus, for every
homogenous group of individuals who die at the end of a given period, there will be a similar
group of survivors — albeit usually of different size — with the same amount of per capita ex-
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penditure on health care.”® As long as medical progress has an influence on the outcome of
treatment but not on the incidence of a lethal disease, any hope for a reduction in age-specific
health care expenditure due to the reduction in age-specific mortality seems ill-founded.

5. Conclusion

Although the analysis undertaken above is purely theoretical, it may also serve as a guide to
empirical investigations of the impact of medical progress on age-specific health care expen-
diture. It is true by definition that progress creates new knowledge which cannot be known in
advance. This could be taken to imply that there is no way today of assessing the influence of
progress which occurs tomorrow on future health care expenditure.

However, as the model presented in this paper clearly demonstrates, such a claim would be
unnecessarily negative. More specifically, consumption of health care by individuals who
survive a lethal disease today provides valuable information on the indirect effects of future
medical progress on age-specific health care expenditure. In this sense, empirical data on “old
survivors” are available today and can be used to assess at least part of the impact of progress
which may take place in the future. In particular, the model suggests that empirical research
should focus on the incidence of lethal diseases and the treatment costs for “old survivors” in
relation to their peers.

Like any other theoretical analysis, the model excludes a number of potentially important as-
pects. While this is the price to pay in order to be able to derive precise results, it is important
to bear these limitations in mind. E.g., the model certainly implements a somewhat restricted
version of medical progress. More precisely, progress may also improve the quality of life of
individuals not suffering from a lethal disease. Next, and potentially more important, the
analysis offers a mechanical view of the way in which progress affects age-specific expendi-
ture on health care: Progress just happens and there is no explicit consideration of decisions
taken by individuals, insurers or other parties.

While the last observation is true, I do not think that it has substantial implications for the
analysis undertaken in this paper. To see this, suppose that medical progress is made available
for individuals according to some decision process. In this more general setting, the economy
in the long run presumably will again tend to reach some kind of equilibrium such that the age
profile of health care expenditure remains constant. Hence, adding economic substance by
including decisions on the type of medical progress, certainly will have implications on both
population aging and the evolution of health care expenditure. However, in order to assess the
impact of progress on age-specific health care expenditure, it is nonetheless necessary to pro-
ceed precisely in the manner outlined above. Or, to put it slightly differently: While the model
set up in this paper does not provide an explanation of medical progress, it is designed to cap-
ture all relevant effects on the age profile of health care expenditure. Therefore, its value
should be judged according to this more moderate goal.

3 More precisely, apart from the outcome of treatment of the same lethal disease, the survivors are identical to
the decedents. Hence, the statement is true as long as the survival probability of a lethal disease is positive.



28

References

Abel-Smith, B., Titmuss, R. (1956), The Cost of the National Health Service in England and
Wales, Cambridge.

Breyer, F., Felder, S. (2006), Life Expectancy and Health Care Expenditures: A new calcula-
tion for Germany using the costs of dying, Health Policy, Vol. 75, Pp. 178-186.

Buchner, F., Wasem, J. (20006), ,,Steeping® of health expenditure profiles, Geneva Papers,
Vol. 31, Pp. 581-599.

Busse, R., C. Krauth, F.W. Schwartz (2002), Use of acute hospital beds does not increase as
the population ages: results from a seven year cohort study in Germany, Journal of
Epidemiology and Community Health, Vol. 56, Pp. 289-293.

Cutler, D. (2001), Declining disability among the elderly, Health Affairs, Vol. 20, Pp. 11-27.

Dang, T.T., Antolin, P., Oxley, H. (2001), Fiscal implications of ageing: Projections of age-
related spending, OECD Economics Department Working Papers No. 305, Paris.

Dinkel, R.H. (1999), Demographische Entwicklung und Gesundheitszustand. Eine empirische
Kalkulation der Healthy Life Expectancy fiir die Bundesrepublik auf der Basis von
Kohortendaten, in: Hifner, H. (Ed.), Gesundheit — unser hochstes Gut? Berlin u.a.O.,
Pp. 61-83.

Federal Statistical Office (2006), Germany's population by 2050. Results of the 11" coordi-
nated population projection, Wiesbaden.

Fries, J.F. (1980), Aging, natural death, and the compression of morbidity, New England
Journal of Medicine, Vol. 303, Pp. 130-135.

Fries, J.F. (1983), The Compression of Morbidity, Milbank Memorial Fund Quarterly/Health
and Society, Vol. 61, Pp. 397-419.

Fries, J.F. (2000), Compression of morbidity in the elderly, Vaccine, Vol. 18, Pp. 1584-15809.

Fuchs, V.R. (1984), Though much is taken: Reflections on aging, health and medical care,
Milbank Memorial Fund Quarterly/Health and Society, Vol. 62, Pp. 143-166.

Gruenberg, E.M. (1977), The Failures of Success, Milbank Memorial Fund Quarterly/Health
and Society, Vol. 55, Pp. 3-24.

Lafortune, G., Balestat, G. and the disability study expert group members (2007), Trends in
severe disability among elderly people: Assessing the evidence in 12 OECD countries
and the future implications, OECD Health Working Papers No. 26, Paris.

Newhouse, J.P. (1992), Medical Care Costs: How Much Welfare Loss?, Journal of Economic
Perspectives, Vol. 6, Pp. 3-21.

Reinhardt, U.E. (2003), Does the aging of the population really drive the demand for health
care?, Health Affairs, Vol. 22, Pp. 27-39.

Richardson, J., Ageing and Health Care: Inexorable Costs versus Modest Adaptation, Centre
for Health Economics, WP 150, Monash University 2004.

Ried, W. (2007), The costs of dying — another red herring? Diskussionspapier 09/2007,
Rechts- und Staatswissenschaftliche Fakultit, Ernst-Moritz-Arndt-Universitit Greifs-
wald.



29

Seshamani, M., Gray, A. (2004), A longitudinal study of the effects of age and time to death
on hospital costs, Journal of Health Economics, Vol. 23, Pp. 217-235.

Stearns, S.C., Norton, E.C. (2004), Time to include time to death? The future of health care
expenditure predictions, Health Economics, Vol. 13, Pp. 315-327.

Technical Review Panel on the Medicare Trustees Reports (2000), Review of Assumptions
and Methods of the Medicare Trustees” Financial Projections, Baltimore.

Verbrugge, L. M. (1984), Longer Life but Worsening Health? Trends in Health and Mortality
of Middle-aged and Older Persons, Milbank Memorial Fund Quarterly/Health and So-
ciety, Vol. 62, Pp. 475-519.

Werblow, A., S. Felder, P. Zweifel (2007), Population ageing and health care expenditure: A
school of red herrings?, Health Economics, Vol. 16, Pp. 1109-1126.

Westerhout, EEW.M.T. (2006), Does Ageing Call for a Reform of the Health Care Sector?,
CESifo Economic Studies, Vol. 52, Pp. 1-31.

Zweifel, P., S. Felder, M. Meiers (1999), Ageing of population and health care expenditure: A
red herring?, Health Economics, Vol. 8, Pp. 485-496.



30

Ernst-Moritz-Arndt-Universitat Greifswald

Rechts- und Staatswissenschaftliche Fakultat
Wirtschaftswissenschaftliche Diskussionspapiere

Bisher erschienen:

1/97

2/97

3/97

4/97

1/98

2/98

3/98

4/98

5/98

6/98

7/98

8/98

9/98

10/98

11/98

12/98

Ole Janssen/Carsten Lange: ,,Subventionierung elektronischer Geldborsen durch staat-
liche Geldschopfungsgewinne*

Bernd Frick: ,,Kollektivgutproblematik und externe Effekte im professionellen Team-
Sport: 'Spannungsgrad' und Zuschauerentwicklung im bezahlten Fuf3ball*

Frauke Wilhelm: ,,Produktionsfunktionen im professionellen Mannschaftssport: Das
Beispiel Basketball-Bundesliga“

Alexander Dilger: ,,Ertragswirkungen von Betriebsrdten: Eine Untersuchung mit Hilfe
des NIFA-Panels*

Volker Ulrich: ,,Das Gesundheitswesen an der Schwelle zum Jahr 2000

Udo Schneider: ,,Der Arzt als Agent des Patienten: Zur Ubertragbarkeit der Principal-
Agent-Theorie auf die Arzt-Patient-Beziehung*

Volker Ulrich/Manfred Erbsland: ,,Short-run Dynamics and Long-run Effects of
Demographic Change on Public Debt and the Budget*

Alexander Dilger: ,,Eine 6konomische Argumentation gegen Studiengebiihren®

Lucas Bretschger: ,,Nachhaltige Entwicklung der Weltwirtschaft: Ein Nord-Siid-
Ansatz*

Bernd Frick: ,,Personal-Controlling und Unternehmenserfolg: Theoretische Uberle-
gungen und empirische Befunde aus dem professionellen Team-Sport*

Xenia Matschke: ,,0On the Import Quotas on a Quantity-Fixing Cartel in a Two Coun-
try-Setting*

Tobias Rehbock: ,,Die Auswirkung der Kreditrationierung auf die Finanzie-
rungsstruktur der Unternehmen®

Ole Janssen/Armin Rohde: , Einflul elektronischer Geldborsen auf den Zusammen-
hang zwischen Umlaufsgeschwindigkeit des Geldes, Geldmenge und Preisniveau*

Stefan Degenhardt: ,,The Social Costs of Climate Change: A Critical Examination®

Ulrich Hampicke: ,,Remunerating Conservation: The Faustmann-Hartmann Approach
and its Limits*

Lucas Bretschger: ,,Dynamik der realwirtschaftlichen Integration am Beispiel der EU-
Osterweiterung™



13/98

14/98

15/98

1/99

2/99

3/99

4/99

5/99

6/99

7/99

1/00

2/00

3/00

4/00

5/00

6/00

7/00

8/00

31

Heiko Burchert: ,,Okonomische Evaluation von Telematik-Anwendungen im Gesund-
heitswesen und Schlu3folgerungen fiir ihre Implementierung*

Alexander Dilger: ,,The Absent-Minded Prisoner*
Rainer Leisten: ,,Sequencing CONWIP flow-shops: Analysis and heuristics*

Friedrich Breyer/Volker Ulrich: ,,Gesundheitsausgaben, Alter und medizinischer Fort-
schritt: eine 6konomische Analyse*

Alexander Dilger/Bernd Frick/Gerhard Speckbacher: ,,Mitbestimmung als zentrale
Frage der Corporate Governance

Paul Marschall: ,,Lebensstilwandel in Ostdeutschland: Ansatzpunkte fiir gesundheits-
6konomische Analysen®

Lucas Bretschger: ,,One the predictability of knowledge formation: the tortuous link
between regional specialisation and development*

Alexander Dilger: ,,Betriebsratstypen und Personalfluktuation: Eine empirische Unter-
suchung mit Daten des NIFA-Panels*

Claudia Werker: , Market Chances of Innovative Firms from Transition Countries in
Interregional Markets*

Udo Schneider: ,,Arztliche Leistung und Compliance des Patienten - der Fall des
Double Moral Hazard*

Florian Buchner/Jiirgen Wasem: ,Versteilerung der alters- und geschlechts-
spezifischen Ausgabenprofile von Krankenversicherern®

Lucas Bretschger: ,,Konvergenz der européischen Regionen*

Armin Rohde/Ole Janssen: ,,EU-Osterweiterung: Ist ein schneller Beitritt zur Europii-
schen Wihrungsunion fiir Estland sinnvoll?*

Lembo Tanning: ,,Schétzkriterien des AuBlenhandels zwischen der Europdischen Uni-
on und mittel- und osteuropéischen Landern*

Frank Hettich/Carsten Schmidt: ,,Deutschland, ein Steuermérchen?*

Cornelia Kerim-Sade/Alexander Crispin/Jiirgen Wasem: ,,An External control of Va-
lidity of the German EuroQol-5D Questionnaire*

Lucas Bretschger/Frank Hettich: ,,Globalisation, Capital Mobility and Tax Competi-
tion: Theory and Evidence for OECD Countries*

Frank Hettich: ,,The Implications of International Cooperations for Economic Growth,
Environmental Quality and Welfare*



9/00

10/00

11/00

12/00

13/00

14/00

15/00

01/01

02/01

03/01

04/01

05/01

06/01

07/01

08/01

09/01

10/01

01/02

32

Alexander Dilger: ,,The Market is Fairer than Bebchuk’s Scheme**

Claudia Werker: ,Market Performance and Competition: A Product Life Cycle
Model*

Joachim Schwerin: ,,The Dynamics of Sectoral Change: Innovation and Growth in
Clyde Shipbuilding, c. 1850-1900

Lucas Bretschger/Sjak Smulders: ,,Explaining Environmental Kuznets Curves: How
Pollution Induces Policy and New Technologies*

Franz Hessel: ,,Wertigkeit der Augeninnendruckmessung mittels Non-contract Tono-
metrie durch Augenoptiker in Deutschland. Eine Kosten-Wirksamkeits-Analyse*

Lucas Bretschger: ,,Internationaler Handel im Ostseeraum - soziodkonomische Hin-
tergriinde®

Hans Pechtl: ,,Die Kongruenzhypothese in der Geschéftsstattenwahl*

Joachim Prinz: ,,Why Do Wages Slope Upwards? Testing Three Labor Market Theo-
ries*

Armin Rohde/Ole Janssen: ,,Osteuropdische Currency Board-Lénder und die optimale
Integrationsstrategie in die Europdische Wahrungsunion am Beispiel Estlands*

Lucas Bretschger: ,,Wachstumstheoretische Perspektiven der Wirtschaftsintegration:
Neuere Ansitze*

Stefan GreB3, Kieke Okma, Franz Hessel: ,,Managed Competition in Health Care in
The Netherlands and Germany — Theoretical Foundation, Empirical Findings and

Policy Conclusion”

Lucas Bretschger: “Taking Two Steps to Climb onto the Stage: Capital Taxes as Link
between Trade and Growth”

Udo Schneider: “Okonomische Analyse der Arzt-Patient-Beziehung: Theoretische
Modellierung und empirische Ergebnisse”

Paul Marschall: ,,Lernen und Lebensstilwandel in Transformationsékonomien®
Thomas Steger: ,,Stylised Facts of Economic Growth in Developing Countries”

Hans Pechtl: “Akzeptanz und Nutzung des B-Commerce im B2C. Eine empirische
Analyse*

Hannes Egli: ,,Are Cross-Country Studies of the Environmental Kuznets Curve Mis-
leading? New Evidence from Time Series Data for Germany”

Stefan Gref3, Kieke Okma, Jiirgen Wasem: ,,Private Health Insurance in Social Health
Insurances Countries — Market Outcomes and Policy Implications”



02/02

03/02

04/02

05/02

06/02

07/02

08/02

09/02

01/03

02/03

03/03

04/03

05/03

06/03

07/03

08/03

33

Ole Janssen, Armin Rohde: “Monetire Ursachen der Arbeitslosigkeit in Currency
Board-Systemen?*

Alexander Dilger: ,,Never Change a Winning Team — An Analysis of Hazard Rates in
the NBA*

Thomas Steger: “Transitional Dynamics in R&D-based Models of Endogenous
Growth”

Franz Hessel, Eva Grill, Petra Schnell-Inderst, Jiirgen Wasem: “Modelling costs and
outcomes of newborn hearing screening”

Veronica Vargas, Jirgen Wasem: “Using selected diagnoses to improve the Chilean
Capitation formula”

Susann Kurth: “Die mittel- und osteuropdische EU-Beitrittskandidaten auf dem Weg
in die EU: Eine Bestandsaufnahme und Analyse der Kriterien von Maastricht*

Roland Rollberg: ,,16 Fille kostenminimaler Anpassung eines Aggregats bei im Zeit-
ablauf konstanter Intensitét*

Jiri Sepp: ,,Estlands Wirtschaftspolitik im Rahmen der Koordinationsanforderungen
der EU*

Ole Janssen: ,,Vergleich zwischen Currency Board-System und Standard Fix-System
Mart Sorg: ,,Reformation of the Estonian Banking System*

Bert Kaminski: ,,Aktuelle steuerliche Neuregelungen und deren Auswirkungen auf
unternehmerische Entscheidungen — unter besonderer Beriicksichtigung des Steu-
ervergiinstigungsabbaugesetzes vom 11. April 2003

Stefan Mirschel, Roland Rollberg, Ulrich Steinmetz: ,,Technologische Fundierung der
Produktionsfunktion vom Typ D mit Hilfe von Verbrauchs- und Erzeugungsfunk-
tionen*

Heiko Kay Xander: “Evolutionidre Optimierung mit MUTABA (Mutativ-Biologischer
Algorithmus) Version 2.1”

Michael Lerm, Roland Rollberg: “Ellipsenverfahren zur betriebsiibergreifenden simul-
tanen LosgroBen- und Bestellmengenplanung*

Bert Kaminski, Giinther Strunk: ,,Anmerkungen zum Entwurf der ,,Gewinnabgren-
zungsaufzeichnungsverordnung GAufzV vom 11. August 2003 (BR-Drucks.
583/03)*

Jan Kornert, Jan Hendrik Abendroth, Marén Holdschick u. Robert Strafiner: ,,Interna-
tionale Preisindexanleihen als Instrument zum Schutz vor Inflation und zum
Schitzen von Inflationserwartungen®



09/03

10/03

11/03

01/04

02/04

03/04

04/04

05/04

06/04

07/04

08/04

09/04

10/04

11/04

01/05

02/05

03/05

04/05

34

Robert Straner u. Jan Kornert: ,,Strategische Allianzen als betriebswirtschaftliches
Konzept zur strategischen Unternehmensfithrung*

Jan Kornert, Bernd Nolte u. Marén Holdschick: ,,Neuere Entwicklungen im italieni-
schen Bankensystem*

Jan Kornert: ,,Empirische Befunde zur Balanced Scorecard: Umsetzungsstand und
Konsequenzen®

Hans Pechtl: ,,Das Preiswissen von Konsumenten. Eine theoretisch-konzeptionelle
Analyse*

Cornelia Wolf, Jan Kornert: ,,Stakeholder Scorecard versus Balanced Scorecard”

Stefan Mirschel, Heinz-Eckart Klingelhdfer, Michael Lerm: “Bewertung von Stimm-
rechtsdnderungen”

Matti Raudjérv: ,,Wirtschaftspolitische Ziele und marktwirtschaftliche Transformation
in Estland*

Matti Raudjarv: ,,Unternehmensgriindung und -titigkeit in Estland: Einige wirt-
schaftspolitische Aspekte*

Jan Kornert, Robert Strafiner: ,,Schwedens Bankenkrise und das Rating von Nordban-
ken und Gota Bank in den 1990er Jahren*

Stefan Mirschel, Michael Lerm: ,,Zur Interpretation der Dualvariable der Mindestziel-
funktionswertrestriktion im Zustandsgrenzpreismodell*

Ralf Doring: ,,Wie stark ist schwache, wie schwach starke Nachhaltigkeit?*

Bert Kaminski: ,,Anmerkungen zum Entwurf der ,,Verwaltungsgrundsétze-Verfahren*
vom 18. Oktober 2004

Hans Pechtl: ,,Definitions- und Wirkungsbereiche des decoy-Effekts - Eine empirisch-
explorative Untersuchung*

Mart Sorg: ,,Estonian Monetary System: Reconstruction, Performance, and Future
Prospects

Jan Kornert: ,,Balanced Scorecard-Perspektiven fiir die Kreditwirtschaft™
Marcus Bysikiewicz; Manfred J. Matschke; Gerrit Brosel: ,,Einige grundsitzliche Be-
merkungen zur Entscheidungswertermittlung im Rahmen der Konfliktsituation

vom Typ der Spaltung*

Jan Kornert, Fabiana Rossaro: ,,Ermittlung des Eigenkapitalbeitrags in der Markt-
zinsmethode bei zwei Engpédssen*

Cornelia Wolf: ,,Ansitze zum Anspruchsgruppenmanagement in Studentenwerken‘



05/05

06/05

07/05

08/05

01/06

02/06

03/06

04/06

05/06

06/06

07/06

08/06

09/06

10/06

01/07

02/07

03/07

35

Matti Raudjérv: ,,Einige wesentliche wirtschaftspolitische Aktivititen Estlands auf
dem Weg in die Europiische Union*

Manfred J. Matschke: ,,Bemerkungen zur regionalwirtschaftlichen Bedeutung der Stu-
denten in Mecklenburg-Vorpommern*

Hans Pechtl: ,,Die “value-shift“-Erkldrung im Attraktionseffekt*

Jiri Sepp: ,,Die Position Estlands im internationalen Systemwettbewerb und seine
wirtschaftliche Autholpolitik*

Jan Kornert: ,,Analyse der Finanzmérkte der USA in den fiinf Bankenkrisen der Nati-
onal Banking-Ara (1863-1913)

Jan Kornert: ,, Theoretisch-konzeptionelle Grundlagen zur Balanced Scorecard*

Piotr Grajewski: ,,Prozessorganisation — gegenwértige Herausforderung® ,,Organizacje
procesowa — wspolczesne wyzwanie*

Stefan Mirschel: ,,Die Optionsbewertungsformel von COX, ROSS und RUBINSTEIN
im Zustandsgrenzpreismodell — Ein dualitdtstheoretischer Nachweis*

Jan Kornert: ,,Liquidity and solvency problems during the banking crises of the Na-
tional Banking Era*

Ralf Doring: “Ressourceninput und der Input dkologischer Leistungen in der Kapital-
theorie*

Johannes Treu: ,,Zur Regulierung von Banken und die Zwangslage protektiver Mal3-
nahmen*

Stefan Mirschel: ,,Dualitdtstheoretische Untersuchung des Einigungsbereichs von Op-
tionsgeschéften auf unvollkommenen Mérkten

Walter Ried: ,,Demographischer Wandel, medizinischer Fortschritt und Ausgaben fiir
Gesundheitsleistungen — eine theoretische Analyse*

Walter Ried: ,,Gesundheitsausgaben fiir Uberlebende und Verstorbene im demogra-
phischen Wandel — der Einfluss des medizinischen Fortschritts*

Hans Pechtl: ,, Trittbrettfahren bei Sportevents: das Ambush-Marketing*

Gerrit Brosel, Manfred Jiirgen Matschke: Titel in Deutsch: ,,Grundziige der funktiona-
len Theorie der Unternehmensbewertung*; Titel in Polnisch: ,,Podstawy funkcjo-
nalnej teorii waluacji przedsiebiorstwa®

Michael Lerm, Roland Rollberg: ,,Modifizierte Schrittsteinmethode zur ganzzahligen
simultanen Produktionsprogramm-, Transport- und Absatzmengenplanung*



04/07

05/07

06/07

07/07

08/07

09/07

10/07

11/07

36

Diana Bredow: ,,Einsatz telekonsiliarischer Infrastruktur im Rahmen fachéarztlicher
Dienstleistungen - Ansatzpunkte einer empirischen Untersuchung —

Manfred Jirgen Matschke, Jan Meiering, Tatjana Simonova: ,,Vermarktungsstrategie
fiir endverbraucherorientierte Leistungen — Konzeption fiir Anbieter des Gesund-

heitstourismus —

Gerrit Brosel, Manfred Jiirgen Matschke: Titel in Deutsch: ,,Grundziige der funktiona-
len Theorie der Unternehmensbewertung*; in Russisch

Johannes Treu: ,,Die Bedeutung von Staat und Markt im ,,System der natiirlichen Frei-
heit” bei Adam Smith*

Walter Ried: ,,On the relationship between aging, medical progress and age-specific
health care expenditures*

Walter Ried: “The costs of dying — another red herring?”’
Ralf Déring: ,,Eine Naturkapitaldefinition oder ,Natur’ in der Kapitaltheorie’*

Gerrit Brosel, Manfred Jirgen Matschke: ,,Bewertung kleiner und mittlerer Unter-
nehmen aus der Sicht des prasumtiven Verkdufers®, in deutsch/polnisch



