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Introduction

1 General introduction

The German healthcare system, with its statutory health insurance (SHI) introduced already
in 1883, can be regarded as a forerunner of modern healthcare systems and is considered
well-equipped and generous in coverage by international standards [1]. However, the past
few years of the Covid-19 pandemic have shown that even the German health care system
has capacity limits. But while the pandemic was hardly predictable, the German SHI scheme
faces a more calculable challenge in the medium and longer-term [2]. Germany is one of the
fastest ageing countries in the world due to constantly low fertility rates since the 1970s and
a continuously increasing life expectancy [3]. This demographic transition could also drive the
German healthcare system to the limits of its capacity and fiscal sustainability, with fewer and
fewer young working people facing a growing number of retirees with age-related diseases

and healthcare expenditures (HCE) [3, 4].

But the question of whether the demographic change will lead to an increase in HCE is one of
the most debated issues in the field of health economics. Various authors have reviewed this
topic in detailed literature surveys (see for example Meijer et al. (2013), Sorensen et al. (2013),
or Breyer & Lorenz (2021) [5-7]). Two basic theories can be distinguished in the literature: On
the one hand, higher life expectancy could be accompanied by an increase in years spent in
illness [8, 9]. This would lead to an expansion of morbidity in older age groups and thus to
rising HCE [8, 9 ]. On the other hand, rising longevity could lead to a compression of morbidity
in older age groups [10]. The years of life gained are thus spent in good health, which would
result in no increase or even a decrease in HCE [10]. Similarly, proximity to death could be an
important determinant of HCE, and high spending in the last year(s) of life could merely be
postponed to a later age [11-15]. However, there is still no clear evidence on how increasing
life expectancy will affect future disease burden and the related HCE. And since steadily rising
HCE are a phenomenon observed for decades [4], also other factors influencing today's and
future HCE like medical innovations, real income growth, or regulations like pricing policies for

medical goods are up for debate [16].

Moreover, in many developed countries, we can observe not only an increase in HCE, but also

a growing concentration on a few high-cost cases [17-20]. Tanke et al. (2019) provide an
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overview of the cost distribution in different OECD member states and show that the top five
percent of the most expensive patients account for 40 to 60 percent of total HCE [20]. In
Germany, around 20 percent of expenditure is attributable solely to the most expensive one
percent [19-21]. Despite this huge share in HCE, high-risk cases are so far not considered in
HCE projections. In pharmaceutical spending, this concentration of expenditure on a small
number of patients is even more significant [19], while these patients are additionally
characterized by particular sustainability in high expenditure [22, 23]. So those who incur very
high costs once are likely to do so in subsequent years. This trend is mainly attributable to the
increasing approval of high-priced special therapies for rare diseases, so-called "orphan

drugs", particularly in oncology [24-26].
2 Research guestions

In view of the outlined trends and challenges for the German healthcare system, detailed
analyses of expenditure distributions and projections of future disease burden and HCE can
provide important guidance for policymakers. A contribution to these topics will be made by
this dissertation. The dissertation consists of three papers, all based on data from a major
sickness fund covering around four million insureds. In the first paper, we illustrate the impact
of demographic change by looking at the morbidity in the German population and present
projections for ten common non-infectious diseases. By modeling different scenarios
regarding a possible compression or expansion of morbidity, we show the future range of
disease burden in Germany. Since pharmaceutical expenditures are a key factor regarding the
future development of HCE, the second paper focuses on modeling medium- and long-term
drug expenditure projections with particular attention to the spending concentration on the
small group of high-risk patients. Finally, the last paper addresses the overall distribution of
HCE, both between different risk groups and with a special focus on the differential
expenditures of survivors and decedents. This allows us to gain important insights into
spending patterns in the German SHI and provide a new starting point for future projections

of total HCE.
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3 Contribution 1

In view of the upcoming demographic transition, there is still no clear evidence on how
increasing life expectancy will affect future disease burden, especially regarding specific
diseases. In our study, we project the future development of Germanycs ten most common
non-infectious diseases (arthrosis, coronary heart disease, pulmonary, bronchial and tracheal
cancer, chronic obstructive pulmonary disease, cerebrovascular diseases, dementia,
depression, diabetes, dorsal pain and heart failure) in a Markov illness-death model with

recovery until 2060.

The disease-specific input data stem from a consistent data set of a major sickness fund
covering about four million people, the demographic components from official population
statistics. Using six different scenarios concerning an expansion and a compression of
morbidity as well as increasing recovery and effective prevention, we can show the possible
future range of disease burden and, by disentangling the effects, reveal the significant

differences between the various diseases in interaction with the demographic components.

Our results indicate that, although strongly age-related diseases like dementia or heart failure
show the highest relative increase rates, diseases of the musculoskeletal system, such as
dorsal pain and arthrosis, still will be responsible for the majority of the German population's
future disease burden in 2060, with about 25-27 and 13-15 million patients, respectively. Most
importantly, for almost all considered diseases a significant increase in burden of disease can

be expected even in case of a compression of morbidity.

A massive caseload is emerging on the German health care system, which can only be
alleviated by more effective prevention. Immediate action by policy makers and health care
managers is needed, as otherwise the prevalence of widespread diseases will become

unsustainable from a capacity point-of-view.

4 Contribution 2

Although pharmaceutical expenditures have been rising for decades, the question of their
drivers remains unclear, and long-term projections of pharmaceutical spending are still scarce.

We use a Markov approach considering different cost-risk groups to show the possible range
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of future drug spending in Germany and highlight the leverage effects of various

determinants.

We compute different medium and long-term projections of pharmaceutical expenditure in
Germany up to 2060 and compare extrapolations with constant shares, time-to-death
scenarios, and Markov modeling based on transition probabilities. Our modeling is based on
data from a large statutory sickness fund covering around four million insureds. We divide the
population into six risk groups according to their share of total pharmaceutical expenditures,
determine their cost growth rates, survival and transition probabilities, and compute different

scenarios related to changes in life expectancy or spending trends in different cost-risk groups.

If the spending trends in the high-cost groups continue, per-capita expenditure will increase
by over 40 percent until 2040. By 2060, pharmaceutical expenditures could more than double,
even if these groups would not benefit from rising life expectancy. By contrast, the isolated

effect of demographic change would "only" lead to a long-term increase of around 15 percent.

The long-term development of pharmaceutical spending in Germany will depend mainly on
future expenditure and life expectancy trends of particularly high-cost patients. Thus,
appropriate pricing of new expensive pharmaceuticals is essential for the sustainability of the

German healthcare system.

5 Contribution 3

In view of steadily rising HCE, studies on spending distributions can provide important
guidance for policy decisions. Since the majority of HCE is concentrated in a few high-cost
cases, this study focuses on the spending distribution between different cost-risk groups. We
show detailed allocation structures, distinguishing several categories of HCE and the survival

status of insureds to gain insights regarding the share of mortality costs.

Our analyses rely on data from a large sickness fund covering around four million insureds.
We classify the population into ten equal risk groups by costs and then determine expenditure
shares of total HCE and daily per-capita expenditures depending on survival status and risk

group affiliation.

Our results offer that mortality costs are only evident in lower-risk groups and almost

exclusively attributable to hospitalization. Moreover, HCE in the calendar year of death is
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equal for most risk groups. Only for the high-risk cases, HCE in the year of death is significantly
higher, but the difference between survivors and decedents is proportionally small. It is
primarily pharmaceutical spending accounting for the difference in per capita HCE between

decedents in high-risk and other risk groups.

Short-term high HCE in the calendar year of death occur equally in all risk groups and are
hardly avoidable. By contrast, the extremely high costs of high-risk cases already show up
sometime before death. Regardless of the mortality cost share, this group remains the main
target for influencing rising HCE, and their characteristics should be considered regarding

future HCE projections.
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Contribution 1: Healing, Surviving, or Dying? — Projecting the
German future disease burden using a Markov llIness-Death

Model*

1 Background

The development of future patient numbers is an important concern for many stakeholders
in the health systems. Rational decisions about the planning of hospital capacities,
pharmaceutical investments, career choices of (future) healthcare professionals as well as the
development of future HCE itself depend on the precise knowledge of the future development

of specific diseases.

Germany is one of the fastest ageing countries in the world due to constantly low fertility rates
since the 1970s and a continuously increasing life expectancy [3]. In the literature there are
different rival theories and hypotheses how an increasing life expectancy will particularly
affect the disease burden and the related HCE. Gruenberg (1977) [8] and Verbrugge (1984) [9]
hypothesize that a rising longevity goes hand in hand with an increase in years spent in illness
and therefore with an expansion of morbidity in older age groups. In contrast, Fries (1980) [10]
assumes that an increasing life expectancy leads to a compression of morbidity. Given these
somehow contradictory hypotheses, the influence of proximity to death and treatment
spending as a function of remaining life expectancy are controversially discussed among

health economists [7, 11, 15, 28].

However, even less evidence exists today concerning the (more epidemiological) question of
specific diseases' future development in the light of the different hypotheses. A systematic
literature review on PubMed searching for projections (or synonyms) in context of
demography and using the keywords prevalence, incidence or burden of disease for specific or
chronic non-infectious diseases in general shows 160 relevant publications. There are three
categories of studies by their projection methodology: trend extrapolations (99/160),

multistate models (57/160) and studies using both methodologies (4/160). In 54 of the studies

1 Milan V, Fetzer S, Hagist C. Healing, surviving, or dying? - Projecting the German future disease burden using a
Markov illness-death model. BMC Public Health. 2021;21:123. doi:10.1186/512889-020-09941-6. [27].
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using trend extrapolation (103/160) indeed current prevalence or incidence rates are
transferred to population projections, which excludes a specific modelling of the various
theses. This so-called status quo analysis is also commonly used in projections of health
expenditures.? Out of the 61 studies using multistate modelling (61/160), 17 (17/61) are based
on the classical structure of an illness-death model (even if only 7 explicitly define it that way).
However, only nine of the studies (9/61) focus on an explicit modelling of a compression of
morbidity, of them eight (8/9) related to dementia. Furthermore, just seven studies (7/61)
compare the development of more than two different diseases, only one of them modelling
compression scenarios [30] (see Fig. 8, Fig. 9 and Tab. 11 in the appendix for more detailed

information and results on the systematic database search).

In our paper, we present projections for ten common non-infectious diseases (arthrosis,
coronary heart disease, pulmonary, bronchial and tracheal cancer, chronic obstructive
pulmonary disease, cerebrovascular diseases, dementia, depression, diabetes, dorsal pain and
heart failure). The selected diseases represent the intersection between the most common
and most expensive disease patterns in Germany [31]. For the projections we use a time-
discrete Markov illness-death model with recovery. Our model allows us to regard the
different hypotheses in context of demographic transition and to quantify the influence of
potentially changing variables (disease-specific survival, incidence and recovery rate) on the
future frequency of diseases. In addition, we show the influence of successful prevention on

long-term prevalence of the different diseases.

The population-related components used for modelling stem from Destatis, the German
Federal Statistical Office, whereas the disease-specific components are computed on the data
of a major sickness fund covering approximately four million insureds during the period from
2009 to 2017. Our data set is unique as we calculated the input data ourselves using disease-
specific validation criteria selected for this purpose (shown in Tab. 2). Hence, our study is one
of the few that use insurance data (7/160), although the resulting treatment prevalence is of
particular importance for decision makers and payers in the health care system. Data sources

from other studies of the systematic literature review are surveys or other epidemiological

2 See for example the Ageing Report published by the European Commission [29].
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studies (61/160), a literature review for the different input factors (34/160), registries
(28/160) or mixed data sources (30/160).

The paper is organized as follows: we start with the presentation of our time-discrete Markov
illness-death model with recovery as well as our data set. Then, we show our results for the
future development of the ten diseases (average prevalence rates and number of patients) in
different populations and scenarios, also considering the results of other publications. This is
followed by a discussion of the results in view of the current state of research and the

limitations, finishing with a concluding summary.
2 Methods

2.1 Markov lliness-Death Model with Recovery

We will calculate the future number of patients and the future average prevalence rates for
the total population from 2018 to 20602 using a time-discrete Markov illness-death model
with recovery. The model is based on the cohort-component-method [32], which is widely
used for (official) population projections. Regarding epidemiologic modelling, it can be
attributed to the work of Fix & Neyman (1951) [33] and is closely related to those of Manton
et al. (1984), Brookmeyer et al. (1998), Brinks et al. (2012), and Andersson et al. (2015) [34—-
37], but differs in the detail level of the rich routine data set used. The specific cohort data by
age and gender with corresponding detail diagnosis allows us to vary different variables over
time (future development of the disease-specific survival rate, incidence rate and recovery
rate). In contrast to most other studies using an illness-death approach (16/17) including the
work of Milan & Fetzer (2019) [38], on which our modelling is based, the model also includes

the possibility of recovery.

The starting point of our model is the number of patients P, , (differentiated by age a

between 0 and 100 and gender g which is men or women) in our starting year T. It results

from the prevalence rate p, 4 r multiplied by the cohort size K, g 7.

Pa,g,T = Ka,g,Tpa,g,T (1)

3 We chose the year 2060 as the end point of the projection as the official population projection of the German
Federal Statistical Office also ends in 2060.
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In models extrapolating current prevalence rates (status quo analysis) pg g 7 is assumed to be
constant over time and only the future cohort sizes determine the future development of
patients. In contrast to this, for all following years, age- and gender-specific incidence and
recovery rates as well as the mortality rates of patients are used in our model to calculate the

(future) number of patients P, 47, At this point we distinguish between the group of
patients which are comprised of the surviving patients of the previous year DZ;}L and the

group of newly diseased patients I, g ;.

— pT+t-1
Pa,g,T+t - Da,g,T+t + Ia,g,T+t (2)

In order to calculate the surviving patients of the previous year Dﬂqu;}t we use the disease-

specific mortality difference md,_; g 14¢-1 Which is subtracted from the survival rate of each
cohort sT4_1474¢-1.* Also we consider disease-specific recovery rates Tq_yg74¢-1 as

follows>:

T+t-1 _
Dogr+t = Pac1,gr+t-1(STa-1,9140-1 —Mdg_1g74e-1) (A —Ta1g746-1)  (3)

To determine the number of new patients I, 4 74, the number of surviving non-diseased from

the previous year is calculated as follows in a first step:

T+t-1 _ T+t-1
NDa,g,T+t - Ka—1,g,T+t—1sra—1,g,T+t—1 - Da,g,T+t (4)

In a second step the number of new patients I, 4 7., which results from the age- and gender-
specificincidence rate i, 4 14, is multiplied with the surviving non-diseased from the previous

year:
— T+t-1
Ia,g,T+t - NDa,g,T+tla,g,T+t (5)

The total number of patients Py, in all years T + t is finally calculated as:

— \'100 T+t-1 100 T+t-1
PT+t - a=0(Da,women,T+t + Ia,women,T+t) + Za:O(Da,men,T+t + Ia,men,T+t) (6)

4 This mortality difference can be interpreted as the difference between the mortality rates of the diseased

persons mrg‘g and the population mr, , or as the (reverse) difference between the corresponding survival rates
D

STqgand sTq 4.

5 In the respective year under consideration, we still assume the survival rate of the diseased for the recovered

persons before they are transferred to the healthy population in the following year.

ag
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In our model for all years T + t the future cohort sizes, K, 4 7., as well as the future survival
rates Srq 474 Of the total population are derived from a population projection, which we
calculate via the cohort component method. Within this framework we consider the disease-
specific components. The calculation of the survival rate of the patients as the difference
STq_1,gr+t-1 — Mdg_1,474¢-1 and the surviving non-diseased NDZ;;},: as the difference
between all survivors of the cohort and the surviving patients from the previous period finally
merge the population projection with the epidemiological developments. Thus, the design of
our model also allows the use of input data from any other population projection or/and

disease-specific statistic. This time-discrete approach is also more intuitive to understand for

a broader audience, such as policy setters and health care decision makers.

Dividing the total number of patients by the total number of the population results in the
average prevalence rate of the total population, apr, which we will present in addition to the
total number of patients in the result section. Obviously, the apr highly depends on the share
of the elderly and diseased within the total population. As the German demographic transition
leads to an increasing proportion of elderly cohorts, we call this effect cohort effect, which can
also be observed in models extrapolating current prevalence rates using the status quo

analysis.

As for the further effects of our model, we will take a closer look at the future age- and gender-
related prevalence rate pr,q, which can be obtained by dividing the number of patients
(equations 2 to 5) by the total corresponding cohort K g 71t = Kq—1,g7+t-15Ta-1,9,7+¢-1 and

therefore is independent of future cohort sizes:

_ pr(A-D)A-r)(sr—md)+isr
- sr

Pr+1 (7)

For reasons of simplicity we use time-independent incidence, recovery and mortality rates and
abstract from the indices of age and gender in equation (7). The total derivate can be used to
determine the impact of changing incidence, recovery and mortality rates on the prevalence

inyearT + 1.
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—md
dpris = ((1 -1 -7) %) dpr
+ <PT(1 —DA-r)+i- pT+1> dsr
Sr
_ (PT(l L r)> dmd (8)
STr

- <PT(1 — ) (Sr;—rmal)) dr

(sr —md) (sr—md)\ .
+(1-P,—+ Pphr—— | di
ST ST

In our model specification, the variables pr, sr,md, r and i can take on values between 0 and
1 and the disease-specific mortality difference md is less (or in theory equal) than the survival
rate of the entire population sr. As equation (8) shows, a higher prevalence rate p in year T
leads to a higher prevalence rate in year T + 1. The theoretical one-to-one impact of this
effect is lowered by the degree of the incidence and recovery rate as well as the disease-

specific mortality difference.

An increase of the survival rate sr initially leads to an increase in both, the diseased and the
non-diseased population. In conjunction with the incidence rate i, a positive impact on the
prevalence rate in year T 4+ 1 can be observed as the rising survival rate leads to a higher "at
risk" population. In contrast to this, a higher mortality difference md leads to a decline in the
prevalence rate in year T + 1. Both effects combined can be interpreted as follows: The
smaller the difference in mortality between the diseased and non-diseased, the higher the

positive impact of an increasing survival rate.

The influence of the recovery rate is negative and linked to the life expectancy of the patients.
The more patients survive until the following year, the more can recover again. However, the
higher the incidence rate and thus the proportion of new patients, the lower the proportion
of persons who could potentially recover, which mitigates the negative effect of the recovery

rate.

Considering the impact of increasing incidence rates also offers a connection between the

incidence and the recovery rate. A higher proportion of recovered people leads to a higher
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"at-risk" population. The opposite effect results from a higher prevalence rate in year T which

comes along with a lower "at-risk" population.

2.2 Scenarios

Regarding the effects outlined above, a change of one variable will always affect the future
prevalence in interaction with the other components. To illustrate these effects and the
sensitivity of the model, we model six scenarios of changing disease-specific variables
md, g4, i,4andr,, for each of the ten diseases up to 2060, especially regarding the different
hypotheses of expansion and compression of morbidity (see Tab. 1). In all scenarios we
assume increasing survival rates sr, 4 according to the moderately increasing life expectancy

scenario L2 [39].

Tab. 1 Scenarios, assumptions and their effect on the future prevalence rate

Variables
Effect on Implementation
md sr i r dpriq
Expansion 1 Scenario + . . .
+ Increasing sr,, 4 according to L2 scenario

(Exp1) Effect +
Expansion 2 Scenario + + + Increasing sr, 4 according to L2 scenario
(Exp2) Effect + + Linearly increasing i of 30 percent until 2060
Compression 1 Scenario + + 2 Increasing sr, 4 according to L2 scenario
(Comp1) Effect _ + ) Increasing mda,g corresponding to increasing sr

. Scenario + - Increasing sr, 4 according to L2 scenario
Compression 2 . . . . .
(Comp2) ? Shift of i, 4 corresponding to increasing st 4

P Effect + - resulting in a continuous decrease of i

Prevention Scenario + -- 5 Increasing sr, , according to L2 scenario
(Prev) Effect + . * Linearly decreasing i, 4, of 30 percent until 2035
Extended Recovery Scenario + + 2 Increasing sr, 4 according to L2 scenario
(Rec) Effect + _ ) Linearly increasing 1, 4 of 50 percent until 2060

Source: Own depiction.

In the first scenario, we hold all disease-specific variables constant over the time horizon.
However, the assumption of a constant mortality difference and rising survival rates
(STq g1+t > STqgr+t-1) l€2ds to an increase in life expectancy of both the non-diseased and
the diseased. In conjunction with constant incidence rates (igy = const), this results in an
increasing duration of disease. Thus, the scenario Expansion 1 can be interpreted as a type of
expansion of morbidity hypothesis. This scenario serves as our baseline scenario in the

following. The scenario Expansion 2 is a more extreme scenario of the expansion of morbidity
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hypothesis, assuming an additional 30 percent increase in incidence rates until 2060

(ia,g,T+t > ia,g,T+t—1)-

The compression of morbidity hypothesis is considered in two different scenarios: In the
scenario Compression 1 only the healthy population benefits from the increasing life
expectancy (srgg = const) which leads to a continuous increase in the mortality difference
between the diseased and the healthy population. In the scenario Compression 2 a shift of
diseased cases in relation to increasing life expectancy is modelled which is in line with the
"traditional" compression of morbidity hypothesis and leads to continuously decreasing

incidence rates (ig g1+t < lagr+t-1)-

To highlight the long-term impact of effective prevention programmes, a scenario Prevention
is modelled with temporarily decreasing incidence rates (iggr+¢ < iggr+t-1) UP to 30
percent until 2035. In order to simulate possible effects of better medical care, e.g. due to
disease management programmes, the scenario Extended Recovery assumes increasing

recovery rates up to 50 percent until the year 2060 (g g 1+¢ > Ta,g,r+t-1)-

Interestingly (and as discussed in the section on the total differential of the prevalence rate),
the total effect of the scenarios Compression 1 and 2 as well as of the scenarios Extended
Recovery and Prevention on the future (age- and gender-related) prevalence rate is not
defined a priori and depends on the numerical ratio of disease-related input data and the

increase of survival rates.

2.3 Dataset

The average disease-specific input data for each cohort and gender® derives from a routine
dataset of around four million insureds of the AOK Baden-Wiirttemberg from 2009 to 2017.”
Due to this large number of people insured by the AOK in Baden-Wiirttemberg, this population
is approximately representative of the German population regarding the disease-rates within
the age cohorts. Tab. 2 shows the specific selection criteria for each of the ten diseases. Since

there are no coding guidelines for outpatient diagnoses in Germany, we use the criteria of the

6 An exception are age cohorts between 95 and 100 years, whose disease rates were determined in groups
because of relatively few data points.

7 The disease-specific input data is determined in the pseudonymised database environment of the AOK Baden-
Wirttemberg via SQL scripts, resulting in only anonymised rates being used for the model calculations. Further
calculations are executed using Microsoft Excel.
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AOK Research Institute published in various reports [40—-43].The M2Q8/M3Q criterion, for
instance, only defines patients as diseased if they have a confirmed diagnosis in at least two
and three out of four quarters of the year, respectively. Inpatient primary and secondary
diagnosis are included without additional validation criteria. We complete missing data by the
following procedure: If the selection criteria are satisfied the year before and the year after,
insureds are classified as patients also in the incompletely coded year. Patients are classified
as "new patients" when they fail to fulfil the prevalence criteria in any of the four previous
years. The days of insurance of the patients identified by diagnosis are then set in relation to
those of all insureds to calculate period prevalence p, 4 and cumulative incidence i, 4 for the
years 2015 to 2017 [45]. For pulmonary cancer we use a five-year pre-observation period for
the derivation of the incidence. To take into account the periodic character of depression, we
use additional selection criteria for new cases and divergent diagnoses to determine

prevalence and incidence.’

8 In Germany, this methodology is also used for allocating insureds to risk groups as part of the morbidity-based
risk-adjustment scheme in the SHI [44].

9 Insureds with single diagnoses F34.1 or F38.1 (short depressive episodes) or isolated outpatient diagnosis in the
previous year are not excluded from incidence calculation in order to identify new cases with a documented
beginning depressive episode in the pre-observation year.
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Tab. 2 Diseases and selection criteria

Validation criteria for

Disease ICD-10 outpatient diagnosis

Arthrosis M15-M19 M2Q

Pulmonary, bronchial and

tracheal cancer (CA) C33,C34 M2Q

Coronary heart disease M3Q and prescription of at least 50
120-125 - e
(CHD) DDD of specific medication?

Chronic obstructive

pulmonary disease (COPD) 144 M2Q
cerebrovascular diseases
(CVD) 160-169 M2Q
. FOO0-FO03, F05.1, G23.1, G30, G31.0,
Dementia G31.82 M2Q
Prevalence: F32, F33, F34.1
Depression Incidence: only F32, not F33 M2Q
(recurrent depressive disorders)
Diabetes E10-E14 MZ.Q.or atlleast two prescriptions o.f
antidiabetics/blood glucose test strips®
Dorsal pain M40-M54 M2Q
Heart failure (HF) 50, 111.0, 113.0, 113.2 M3Q and prescription of at least 50

DDD of specific medication®

Source: Own depiction using the ICD-10 classification system and according to the criteria published by AOK Research
Institute [40-43].

a ATC groups BO1AC, C07, C01D, C08, CO9A, CO9BB, C09C, CO9DB-

b ATC groups A10A, A10B, A10X, VO4CAO3

¢ ATC groups C09A, C09B, C07, CO1A, C03, C08, CO9C, C09D

For the calculation of recovery rates r, 4 all surviving patients without a coded diagnosis in
the following years are set in relation to the total of all surviving patients. For the definition of
recovery we use a four-year follow-up period for diseases with realistic cure probabilities
(dorsal pain, depression and CVD) and a five-year follow-up period for pulmonary cancer. The
maximum follow-up period of eight years is used for all other diseases since there are still no
cure possibilities available for their most common manifestations. Since dementia is (as of yet)
characterized by an irreversible disease progression, no recovery rates are considered in these
calculations.’® For chronic diseases, the recovery rates are to be interpreted as being
symptom-free. A recurrence of the disease after years of asymptomatic illness is taken into
account by the incidence rate. For each cohort, we calculate mortality differences md, 4 as
the difference between the 1-year survival rates of the diseased and all insureds in a given

year and subtract them from the German population's survival probability sr, 4 as described

10 However, for dementia we will assume emerging recovery rates in the scenario Extended Recovery for reason
of comparability to the other diseases.
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above.! Tab. 3 shows the population weighted determined input data as the average value
for different age groups and overall average in the base year 2018 for each disease, in
parentheses differentiated by gender (female vs male). In addition, Tab. 3 illustrates the
demographic characteristics of the study population as average values of all years analyzed in

millions and as percentage compared to those of the entire German population in 2018.1?

11 According to other studies, no mortality difference was found for arthrosis and dorsal pain [46, 47].
12 The group of 0-17-year-olds is left out because the considered diseases are very rare in these cohorts.
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Tab. 3 Determined disease-specific variables
Age cohort
Total 18-29 30-44 45-64 65-84 >85
German population
Million 83.0 (5.5, 6.0) 11.5(7.6.7.9) 15.5 (12.3, 12.3) 24.6(8.5,7.1) 15.6 (8.5, 7.1) 2.3(1.5,0.7)
% 13.8 (6.6, 7.2) 18.7(9.2,9.5) 29.7(14.8,14.8)  18.9(10.3,8.5) 2.8(1.8,0.9)

Study population

Million
%

Life expectancy
total population

Arthrosis

p (%)

i(%)

r (% of patients)
md (%-points)

CA

p (%)

i(%)

r (% of patients)
md (%-points)

CHD

P (%)

i(%)

1 (% of patients)
md (%-points)

copD

p (%)

i(%)

r (% of patients)
md (%-points)

CcVD

p (%)

i(%)

r (% of patients)
md (%-points)

Dementia

p (%)

i(%)

T (% of patients)
md (%-points)

Depression

p (%)

i(%)

r (% of patients)
md (%-points)

Diabetes

P (%)

i(%)

r (% of patients)
md (%-points)

4.0(2.1,1.9)

98.89
(98.90, 98.88)

13.4(15.8, 10.8)
1.5 (1.6, 1.3)
1.6 (1.4, 1.8)

0.20(0.14, 0.26)
0.07 (0.05, 0.09)

1.9 (2.5, 1.6)
24.4(22.0, 25.7)

5.9(4.5,7.3)
0.7 (0.6, 0.8)
1.4 (2.0, 1.0)
1.3(1.3,1.2)

4.1(3.6,4.6)
0.5(0.4,0.5)
2.5(2.9,2.2)
1.4(1.2,1.7)

4.6 (4.4,4.8)
0.7(0.7,0.7)
2.9(3.2,2.5)
1.4 (1.4, 1.4)

2.0(2.4,1.6)
0.4(0.5,0.4)

6.0(5.2,7.2)

12.5(16.1, 8.7)
0.9(1.0,0.8)
3.2(2.9,3.6)
0.1(0.0,0.1)

11.1(10.9, 11.2)
0.7(0.7,0.7)
0.6 (0.7,0.5)
0.4(0.4,0.4)

0.6(0.3,0.3)
15.3(7.6,7.7)

99.97
(99.98, 99.96)

0.4(0.3,0.4)
0.2(0.2,0.2)
11.5(12.4, 10.8)

0.00 (0.00, 0.00)
0.00 (0.00, 0.00)

0.0(0.0, 0.0)
0.0(0.0,0.0)

0.3(0.3,0.3)
0.1(0.1,0.1)
7.8(8.3,7.3)
0.0 (0.0,0.0)

0.1(0.1,0.1)
0.0(0.0,0.0)
8.9(9.0,8.9)
1.2(1.1,1.3)

0.0(0.0,0.0)
0.0(0.0, 0.0)

5.0 (6.6, 3.6)
0.8(1.1,0.7)
5.8(5.8,5.8)
0.0(0.0,0.1)

0.8 (0.9, 0.6)
0.2(0.3,0.1)
3.4(4.8,1.4)
0.1(0.1,0.2)

0.7 (0.4,0.3)
17.9(9.1, 8.8)

99.92
(99.94, 99.90)

2.1(2.1,2.1)
0.7(0.7,0.7)
6.3 (6.0, 6.6)

0.01 (0.01, 0.01)
0.01 (0.01, 0.01)

0.5(0.7,0.2)
14.9 (14.2, 15.8)

0.3(0.1,0.5)
0.1(0.1,0.2)
8.3(13.2, 6.9)
1.1(1.6, 0.9)

0.9 (0.9, 1.0)
0.2(0.2,0.2)
6.3(6.5,6.1)
0.3(0.1,0.4)

0.4(0.4,0.4)
0.1(0.1,0.1)
6.7(7.3,6.0)
1.4 (1.2, 1.6)

0.0(0.0,0.0)
0.0(0.0, 0.0)

1.5 (1.5, 1.5)

9.9(12.7, 7.2)
0.9(1.1,0.7)
4.1(4.0,4.4)
0.1(0.0,0.1)

2.5(2.7,2.3)
0.5(0.6,0.4)
2.1(3.1,1.0)
0.2(0.1,0.3)

1.1(0.6, 0.5)
27.8(14.4, 13.4)

99.51
(99.65, 99.37)

15.6 (17.6, 13.5)
2.6(2.8,2.3)
2.2(2.0,2.5)

0.22(0.17, 0.27)
0.08 (0.06, 0.11)

2.2(2.7,1.9)
23.4(20.9, 25.0)

4.8(2.5,7.2)
0.8 (0.5, 1.0)
2.7(5.2,1.8)
1.0 (1.0, 1.0)

4.9(4.2,5.6)
0.7 (0.6, 0.8)
2.8(3.2,2.5)
0.9(0.7,1.1)

3.2(2.7,3.8)
0.7 (0.6,0.8)
4.1(3.1,3.7)
1.1(1.0,1.3)

0.4(0.3,0.5)
0.1(0.1,0.1)

3.3(2.5,3.9)

17.7(22.3, 13.1)
1.0 (1.1, 1.0)
3.1(2.8,3.6)
0.1(0.0,0.1)

12.1(10.4, 13.8)
1.0(0.9, 1.2)
0.7 (0.7, 0.6)
0.2(0.1,0.3)

0.8(0.4,0.3)
19.4 (11.1, 8.3)

97.11
(97.67, 96.43)

37.3(41.6, 32.1)
2.7(2.8,2.5)
1.0 (1.0, 1.1)

0.63(0.39, 0.92)
0.21(0.13,0.32)

1.8 (2.4, 1.4)
24.8(22.7, 25.8)

19.2 (14.1, 25.4)
1.9(1.6,2.1)
1.0 (1.7, 0.6)
1.4 (1.5, 1.4)

10.8 (8.7, 13.3)
1.0(0.8, 1.2)
1.6 (2.2,1.2)
2.0(1.6,2.3)

15.1(13.3, 17.4)
2.2(2.0,2.4)
2.6(3.1,2.2)
1.5 (1.5, 1.5)

6.3(6.3,6.2)
1.4 (1.4,1.5)

6.3(5.4,7.3)

20.8(25.9, 14.7)
1.1(1.2,1.0)
2.6(2.4,3.0)
0.1(0.0,0.2)

31.6(29.6, 34.1)
1.4 (1.3, 1.5)
0.4(0.5,0.4)
0.4(0.4,0.4)

0.13 (0.09, 0.03)
3.1(2.3,0.8)

85.51
(86.08, 84,31)

46.9 (49.5, 41.5)
2.1(2.0,2.2)
0.2(0.2,0.2)

0.35(0.21, 0.63)
0.12 (0.07, 0.22)

1.8(2.2,1.5)
29.1(25.1, 31.9)

29.2(25.8, 36.4)
2.0(1.9,2.1)
0.2(0.3,0.1)
0.9(0.9,0.9)

11.3(9.1, 15.7)
0.9(0.8,1.1)
0.4(0.6,0.2)
1.7(1.2,2.2)

25.5(24.2, 28.3)
3.0(3.0,3.0)
1.7 (1.9, 1.3)
1.6(1.7,1.3)

26.4(28.1, 22.9)
4.8(4.9,4.7)

5.9(5.1,8.1)

24.8(28.5,17.1)
1.4 (1.5, 1.4)
1.3(1.4,1.1)

34.3(34.2, 34.5)
1.1(1.0,1.2)
0.2(0.2,0.1)
0.3(0.3,0.3)
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Dorsal pain
p (%) 28.3(31.7, 24.8) 12.0(13.8, 10.3) 22.7(25.3,20.1) 39.4(43.3,35.5) 48.7(52.1,44.5) 45.2(46.5,42.4)
i(%) 2.5(2.5,2.4) 3.0(3.3,2.8) 3.3(3.5,3.2) 2.8(2.8,2.9) 2.1(2.1,2.1) 1.6(1.6,1.8)

T (% of patients) 1.7 (1.6, 1.9) 3.1(3.0,3.1) 2.0(1.9,2.2) 1.5(1.3,1.7) 1.5 (1.4, 1.6) 1.5(1.5,1.3)
md (%-points) - - - - _ _

HEF

P (%) 4.5(4.6,4.4) 0.0(0.0,0.1) 0.2(0.2,0.3) 2.5(1.8,3.2) 14.4(13.4,15.7) 35.3(35.7, 34.5)
i(%) 0.9(0.9,0.9) 0.0(0.0,0.0) 0.1(0.1,0.1) 0.7 (0.5,0.9) 2.8(2.6,3.1) 4.9(4.6,5.4)
7 (% of patients) 2.6(2.3,2.9) 14.1(15.3,13.5)  11.4(13.3,10.4) 6.9(7.1,6.8) 2.1(2.2,2.0) 0.2(0.2,0.1)
md (%-points) 43(3.7,4.9) 4.1(5.0,3.7) 3.3(3.6,3.1) 3.1(2.9,3.3) 4.5(3.8,5.2) 4.7(4.0,6.2)

Source: Own Data and depiction in combination with data of Destatis and mortality.org, in parentheses differentiated by
gender (female/male) Abbreviations: p = prevalence rate, i = incidence rate, r = recovery rate, md = mortality difference, CA
= pulmonary, bronchial and tracheal cancer, CHD = coronary heart disease, COPD = chronic obstructive pulmonary disease,
CVD = cerebrovascular diseases, HF = heart failure.

In order to derive the (future) cohort sizes K, 4, and survival rates sr, 4, we build different
population projections based on input data from Destatis and statistics of mortality.org. As
our starting point serves a Stationary Population with constant absolute births and constant
life expectancy to separate the effects resulting from disease-specific (epidemiological)
components from the effects of the composition of future cohort sizes on the apr. In our
second population projection Population (LE constant) we abstract from a further increase in
life expectancy. This projection is based on the German population in 2018 under the
assumption of a fertility rate of 1.55 children per woman of fertile age. For our third
population projection, Standard Population (LE increasing), we further assume an increase of
life expectancy from 83.3 to 88.1 years at birth for women and 78.5 to 84.4 at birth for men
according to the moderate increase scenario L2 of the 14th population projection [39].
Migration movement is not taken into account, as too little is known about whether disease
rates of the German population are transferrable to migrants [48, 49]. Hence, the Standard
Population (LE increasing) represents an absolute decline in population from 83.0 to 66.2
million by 2060, accompanied by an increasing old-age dependency ratio from 35.9 to 69.7
percent.'® However, for reason of comparability to other studies, we build a fourth population

projection, Population (Migration), where future migration is integrated according to the

13 Age a is limited between 0 and 100 years and with regard to gender, a distinction is made between male and
female cohorts. We model our own population projection as Destatis does not publish a scenario without a future
shift in migration. For this purpose, we use the data of morgality.org to model the survival rate for persons older
than 100 years and calibrate the data on the life tables publishes by Destatis for the L2 scenario. In a last step we
aggregate the numbers for all persons older than 100 years as our disease specific input data has only few data
points for cohorts of age 100 and older.
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scenario W2 of the 14th population projection [39].1# In this case the total population is 79.1

million people in 2060 and the old-age dependency is 58.8 percent.

3 Results

The presentation of our results starts in Tab. 4 with a comparison of the average prevalence
rates apr (i.e. the total number of patients divided by the total number of the population) in
the years 2018 and 2060 under the assumption of constant disease-specific variables over the
time horizon. We use the three different population projections Stationary Population,
Population (LE constant) and Standard Population (LE increasing) to separate the effects
resulting from disease-specific (epidemiological) components and those occurring from the
demographic components (initial population structure and increasing life expectancy). The
values resulting from Standard Population (LE increasing) correspond to the baseline scenario

Expansion 1.

Tab. 4 Projected average prevalence rates apr 2060 and percentage change compared to 2018

apr % change for different populations
Expansion 1
Stationary Standard
population Population Population
2018 2060 | (only epidemiology) (LE constant) (LE increasing)
Arthrosis 13.4% 22.7% 30.8% 56.0% 69.8%
CA 0.2% 0.3% 16.2% 42.2% 53.9%
CHD 5.9% 9.5% 5.0% 38.5% 60.4%
COPD 4.1% 7.1% 31.0% 56.2% 71.9%
CcvD 4.6% 8.7% 22.7% 63.2% 89.9%
Dementia 2.0% 4.4% 8.1% 67.7% 117.9%
Depression 12.5% 14.4% 3.3% 10.1% 15.7%
Diabetes 11.1% 14.4% 0.3% 18.8% 29.7%
Dorsal pain 28.3% 41.4% 39.9% 43.4% 46.1%
HF 4.5% 8.5% 15.4% 60.3% 90.4%

Source: Own depiction.
Abbreviations: CA = pulmonary, bronchial and tracheal cancer, CHD = coronary heart disease, COPD = chronic obstructive
pulmonary disease, CVD = cerebrovascular diseases, HF = heart failure.

The results show a high increase in the apr for strongly age-related diseases like dementia,
heart failure or CVD, with the ageing of the German population due to its current structure
(Population (LE constant)) and rising life expectancy being the key factors driving the large

growth rates. The ratio of people with dementia could more than double by 2060 within the

4 In line with the W2 scenario published by Destatis, we assume an average positive net migration of 220,000
persons and consider their composition of age groups published by Destatis.
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Standard Population (LE increasing). In contrast, the increase of the apr of dorsal pain is mainly
driven by the epidemiological effect. Regarding arthrosis and COPD, the increase of apr can
be attributed to both, the epidemiological as well as the demographic effects. The smallest
increase of apr emerges for diabetes and depression. For both, the epidemiological effect is
comparatively low. However, an increase in the average prevalence rate is to be expected for
all diseases given the baseline scenario Expansion 1. Even when abstracting from an increasing
life expectancy, the ageing of the German population in conjunction with the epidemiological

effects will lead to a substantial increase of all diseases.

Fig. 1 presents the results for the apr in the year 2060 that occur under the different model
scenarios (see Tab. 1) as well as under a simple extrapolation of age- and gender-related
prevalence rates for the population of 2060 (status quo (SQ) principle). For this purpose, we
use the Standard Population (LE increasing). The y-axis of Fig. 1 shows the relative change of
the apr between 2018 and 2060 whereas the x-axis displays the value of the apr for the

different scenarios in 2060. Additionally, the x-axis depicts the numbers of apr in 2018.

As a first result, Fig. 1 illustrates that the ranking of the ten diseases with respect to the value
of the apr in 2060 is the same as in 2018, even though the relative change of the apr differs
significantly between the ten diseases. That means that dorsal pain and arthrosis are expected
to be the two major diagnoses in 2060, although e.g. dementia offers a significantly higher

change in the apr in all scenarios.

Second, the results show a different impact of the rival hypotheses regarding the
consequences of increasing life expectancy on future disease burden: The expansion of
morbidity scenarios Expansion 1 and 2 lead to a soaring increase of all diseases compared to
the other scenarios. Especially the scenario of Expansion 2 (with an assumed increase of the
incidence rate by 30 percent until 2060) offers a strong increase of the apr. For strongly age-
related diseases such as dementia, CVD or HF, the Compression 2 scenario (shifting the
incidence to higher age groups) has a stronger impact on the apr than the Compression 1
scenario, in which the life expectancy for patients is constant over time and only the healthy
population benefits from the increasing life expectancy. Yet even in the compression of
morbidity scenarios, an increase in all the common diseases can be expected. In other words:
The increase in burden of disease due to increasing life expectancy and high incidence rates

in older age groups can be mitigated but not fully compensated by a compression.
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The assumption of continuously rising recovery rates (scenario Extended Recovery) has an
even smaller impact on future apr, although this is also attributable to the low chances of
recovery for the considered diseases in general. Only for depression an increasing recovery
rate would lead to a constant prevalence rate in the long term. A diminishing effect on future
long-term prevalence for all diseases can only be seen in the scenario Prevention. For diabetes
and depression, the Prevention scenario even leads to a small decline in the apr. This highlights

the importance of effective prevention regarding the upcoming demographic transition.

At a first glance a (simple) extrapolation of current prevalence rates should range between
the expansion and compression scenarios, our results offer that this is not true for all diseases.
In particular, for dorsal pain, arthrosis, COPD, and cancer the status quo principle leads to an
apr in 2060 which is smaller than the scenarios of Prevention. Hence, our results show a wide
range future developments of the different diseases depending on the chosen parameters for

modelling.
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Fig. 1 Relative change in apr until 2060 in the different scenarios
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Source: Own depiction.
Abbreviations: Expl = scenario Expansion 1, Exp2 = scenario Expansion 2, Comp1 = scenario Compression 1, Comp2 =

scenario Compression 2, Rec = scenario Extended Recovery, Prev = scenario Prevention, CA = pulmonary, bronchial and
tracheal cancer, CHD = coronary heart disease, COPD = chronic obstructive pulmonary disease, CVD = cerebrovascular

diseases, HF = heart failure.

Tab. 5 shows the absolute results of the projection for 2040 and 2060. As the Standard
Population (LE increasing) neglects future migration, the total number of people in Germany
will decline between 2040 and 2060. Thus, for the most scenarios and diseases the total
numbers of patients are higher in 2040 than 2060. However, the results given the projection

Population (Migration) in parentheses offer the opposite effect. Hereby we assume identical

disease-related input data for migrants.

All in all, our calculations show that all of the ten diseases are expected to increase up until
2060: Diseases of the musculoskeletal system like dorsal pain and arthrosis will be responsible
for the majority of the future disease burden within the German population, possibly affecting

about 25-27 and 13-15 million people, respectively, by 2060. Diabetes, which is closely related
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to other diseases like CHD, is expected to impact at least 9.5 million patients in case of
expanding morbidity. With up to 7.4 million people affected in 2060, CHD will continue to be
the most common cardiovascular disease. The high growth rates of primarily age-related
diseases such as CVD or HF are also steep in absolute terms. Only if prevention strategies are

successful, the significant increase in number of patients could be alleviated in the long run.

Tab. 5 Projected number of patients 2060 in the different scenarios

Number of patients P (million) in 2060

Extended
Expansion 1 Expansion 2 Compression 1 Compression 2 xtence Prevention
Recovery

2018 2040 2060 2040 2060 2040 2060 2040 2060 2040 2060 2040 2060

Arthrosis 11.1 15.7 15.0 16.7 17.1 15.1 13.5 15.3 14.1 15.3 14.0 13.5 11.8
(16.1) (16.5) (17.0) (18.8) (15.5) (14.9) (15.6) (15.3) (15.7) (15.4) (13.7) (12.9)

CA 0.16 0.22 0.20 0.25 0.26 0.22 0.19 0.21 0.17 0.22 0.20 0.16 0.14
(0.22) (0.22) (0.25) (0.28) (0.22) (0.21) (0.21) (0.19) (0.22) (0.21) (0.16) (0.15)

CHD 4.9 6.4 6.3 6.9 7.4 6.0 5.5 6.1 5.6 6.2 6.0 5.2 4.7
(6.4) (6.7) (6.9) (7.9) (6.1) (5.9) (6.1) (5.9) (6.3) (6.4) (5.2) (5.0)

COPD 3.4 4.9 4.7 5.3 5.6 4.7 4.2 4.7 4.3 4.7 4.3 4.0 3.4
(5.0) (5.1) (5.4) (6.1) (4.8) (4.6) (4.8) (4.7) (4.8) (4.7) (4.1) (3.7)

cvD 3.8 5.8 5.8 6.3 6.9 5.5 5.2 5.5 5.1 5.6 5.3 4.6 43
(5.9) (6.2) (6.4) (7.4) (5.6) (5.5) (5.5) (5.4) (5.7) (5.7) (4.7) (4.5)

Dementia 1.7 2.6 2.9 2.9 3.5 2.5 2.6 2.4 2.4 2.5 2.8 2.0 2.1
(2.6) (3.0) (2.9) (3.7) (2.5) (2.7) (2.4) (2.5) (2.6) (3.0) (2.0) (2.2)

Depression 10.3 10.6 9.5 11.3 11.1 10.3 8.8 10.5 9.1 10.1 8.2 9.1 7.3
(11.0) (10.7) (11.7) (12.4) (10.7)  (9.9) (10.8) (10.2) (10.4) (9.2) (9.4) (8.1)

Diabetes 9.2 10.1 9.5 10.7 11.0 9.7 8.5 9.9 8.9 10.0 9.2 8.7 7.3
(10.3) (10.4) (11.0) (12.0) (9.9) (9.4) (10.1)  (9.6) (10.2) (10.1) (8.9) (7.9)

Dorsal pain 23.5 294 274 30.7 303 28.6  25.7 29.0 26.6 285 25.1 26.1 227
(30.7) (31.1) (32.1) (34.5) (29.9) (29.3) (30.3) (30.0) (29.7) (28.5) (27.1) (25.5)

HF 3.7 5.6 5.6 6.1 6.8 5.3 5.1 5.2 4.9 54 5.3 4.3 4.2
(5.6) (6.0) (6.2) (7.2) (5.4) (5.4) (5.3) (5.2) (5.5) (5.6) (4.4) (4.4)

Source: Own depiction.
Abbreviations: CA = pulmonary, bronchial and tracheal cancer, CHD = coronary heart disease, COPD = chronic obstructive
pulmonary disease, CVD = cerebrovascular diseases, HF = heart failure.

Our results can be compared with other recent studies for Germany. From the 16 (16/160)
studies for Germany in our literature review (concerning our ten most common non-infectious
diseases) only six (6/16) were published in the last five years and most of them focussing on
cancer (3/6), dementia (2/6) or diabetes (1/6). For diabetes, Tonnies et al. (2019) [50] calculate
with the help of an illness-death model and under the assumption of constant incidence rates
a higher number of 11.0 million patients for 2040. The discrepancy to our projection (10.3
million) for 2040 is probably due to their older input data, which stem from 2010. The most
recent study on dementia by Alzheimer Europe (2020) [51] project 2.7 million patients for

2050 with a status quo projection which lies in the interval of our forecast with 2.5 to 3.0
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million people affected. Milan & Fetzer (2019) [38] project 2.6 to 3.3 dementia patients for
2060 by using the same model. The slight differences to their results are attributable to more
recent population statistics and disease-specific input data. A comparison of our results with
the three studies focusing on cancer is difficult as two of them consider the disease pattern of
lung cancer and take a short-term perspective (up to the year 2020), whereas the third focuses

on a trend projection of incidence rates.

4 Discussion

A projection of ten common non-infectious diseases in concurrent scenarios based on a rich
and consistent data set is expanding the literature on the development of future disease
burden in light of the demographic transition. In this context, ours is one of the few studies
using an illness-death approach with recovery and modelling compression of morbidity and
prevention scenarios. Furthermore, due to its time-discrete specification, our model could be
directly linked to any (official) population projection, and therefore adapted by institutions in

the field of policy consulting.

In contrast to a naive extrapolation (status quo principle), our analysis highlights the
importance of focusing on the interdependence between demographic and disease-specific
components in projecting future disease burden. Based on six different scenarios we show the
possible future range of disease burden and reveal the large differences between the various
diseases in interaction with the demographic components. Considering these differences, it
becomes clear that the extrapolation of prevalence rates can only reflect the cohort effect
caused by population structure and not epidemiologically induced changes in the burden of
disease, as observed e.g. for dorsal pain. In contrast, for CHD the status quo projection ranges,
as expected, between the compression and expansion scenarios due to minor epidemiological

influences.

With regard to the probability of the different hypotheses on future disease burden, the study
situation remains inconclusive. Chatterji et al. (2015) [52] show with their detailed review of
studies across the world how much the results vary for observed compression or expansion in
recent years. However, just looking on the prevalence of chronic diseases (not e.g. in the
quality of life) resulted more frequently in an expansion. Considering very similar diseases as

our study in connection with proximity to death, Beltran-Sanchez et al. (2016) [53] show for
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the United States that those who died in recent times had a higher prevalence of chronic
diseases in periods far from death, especially of those chronic diseases with low mortality and

high frequency.

Interestingly, even in international studies there are only a few projections for the two major
common diseases dorsal pain and arthrosis (1/160 dorsal pain, 10/160 arthrosis or joint
replacement procedures), although these diseases are expected to increase the most in total
numbers of patients according to our calculations. Our results can be compared with those of
Kingston et al. (2018) [54], who use a population sample to model multimorbidity and
prevalence of similar diseases for over 65-year-olds in England until 2035. In line with our
findings, they predict a significant increase for all diseases considered except depression, but
with the largest increases for cancer, diabetes and respiratory diseases. In line with our
findings, the only study that also compares different compression scenarios, but with regard
to disability due to similar diseases in the UK, by Jagger et al. (2006) [30], concludes that
improvements in population health cannot fully compensate the effect of population ageing

and that there will still be an increase in number of older people with disabilities.

Of course, our results are also subject to limitations. The Markov assumption of the illness-
death model implies that the transition probabilities depend only on the current state and are
not influenced by past events. But complex long-term studies, e.g. on the probability of re-
disease after a successful recovery, would be necessary to heal this caveat, which are not
available for such a large number of insureds. However, regarding the fit with observed
incidence or prevalence rates, multistate models used in a retrospective analysis of

epidemiological study data (in contrast to regression models) score well [55, 56].

Even if our discrete model has certain advantages, modelling in discrete time might be
overestimating epidemiological effects. By comparing the results of a discrete-time model
with those of a continuous model, Brinks & Landwehr (2014) [57] show that a projection in
discrete time can overestimate future prevalence. However, the authors also state that
smaller projection intervals lead to smaller deviations. Our chosen one-year interval leads to

about a ten percent overestimation in their model.

Nonetheless, this overestimation effect might be somehow offset by the conservative
estimates generated by using insurance data, which constitutes another limitation of our

measure. Insurance or routine data is primarily collected for invoicing medical services when
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patients visit a physician. Thus, the resulting prevalence and incidence rates can only be
interpreted as treatment rates and are usually slightly lower than those obtained by surveys.
In conjunction with the required validation procedures, the actual population incidence could
be underestimated. Due to the incomplete coding observed for some diseases, it is also
questionable whether the documented onset of illness corresponds to the real date of

incidence.

A third limitation could be our data set: The rates determined from the AOK Baden-
Wiirttemberg might differ from the rates of the total German population. However, regarding
gender-specific differences or frequencies in older cohorts that are particularly relevant for

this analysis, various studies indicate that large AOK data sets are representative [58—60].

Further insights could be obtained by including multi-morbidity in our model. Comorbidity
analyses could also provide more detailed insights into causes of mortality differences, which
would help limiting the range of possible future scenarios. Despite the limitations mentioned,
our results can offer an important guide to rational decisions in health care, especially due to
the actuality and detail level of the data used. Although the strongly age-related diseases such
as dementia or heart failure show the highest relative increase rates, the enormous
prevalence of musculoskeletal diseases and depression should not be ignored. Most
importantly, for almost all considered diseases a significant increase in burden of disease can

be expected even in case of a compression of morbidity.

5 Conclusion

We think that our approach is useful for consulting health care professionals and politicians in
preparing for the upcoming pressure on health care capacities. As the current COVID-19 crisis
is showing, health care capacities are quite scarce. Even in our most optimistic scenario we
would have the same pressure — at least in numbers — from chronic diseases as currently
experienced during the pandemic. The lesson from our analysis is clear: A massive caseload is
emerging on the German health care system, which can only be alleviated by more effective
prevention. Immediate action by policy makers and health care managers is needed, as
otherwise the prevalence of widespread diseases will become unsustainable from a capacity

point-of-view.



Contribution 2: How to predict drug expenditure 33

Contribution 2: How to predict drug expenditure — A Markov
model approach with risk classes™

1 Introduction

Expenditures for pharmaceuticals are one of healthcare systems' most dynamic cost drivers.
However, the widespread use of expensive biologics and the ongoing increase in launch prices
makes it difficult to predict the future development of expenditures for pharmaceuticals [62,
63]. Furthermore, in light of the ageing of OECD societies, the sustainable financing of drug
spending becomes a challenge [62-64]. The OECD provides an overview of forecasting
activities for pharmaceutical expenditures of its member states [62]. In contrast to short-term
forecasts (1-5 years), the OECD identifies only a few studies with a medium- and long-term
perspective. Moreover, none of these studies consider the influence of different patient
groups with specific profiles of drug consumption and thus different cost risks for the

healthcare system in detail.

The pharmaceutical market can be divided into the market segment of off-patent drugs,
characterized by high price competition and/or a high degree of price regulation, and the
market segment of patent-protected drugs with, for the most part, stand-alone products [65].
For Germany, most top-selling drugs are patent-protected blockbusters like oncologics,
immunotherapeutics, or pharmaceuticals for cardiovascular diseases [26]. However, in the
last few years, most of the increase in pharmaceutical spending in Germany and many other
countries is attributable to pharmaceuticals for rare diseases (so-called orphan drugs) [24, 25].
The presumable reason for this is a less stringent legal framework for drug evaluation and
reimbursement for new launches of orphan drugs compared to new launches of blockbusters
[66, 67]. Overall, in 2019 half of all newly launched pharmaceuticals in Germany were orphan
drugs, most of them for cancers [26]. Consequently, this trend is leading to an increasing

concentration of spending on high-risk patients [68].

In this paper, we compute different medium and long-term projections of pharmaceutical
expenditure in Germany from 2019 to 2060. For this purpose, we use a Markov approach with

different risk groups by costs and transition probabilities between the risk groups. Even

15 Hofbauer-Milan V, Fetzer S, Hagist C. How to Predict Drug Expenditure: A Markov Model Approach with Risk
Classes. Pharmacoeconomics. 2023;41:561-572. https://doi.org/10.1007/s40273-023-01240-3 [61].
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though discrete-time Markov models are widely used in Pharmacoeconomics, their
application tends to focus on cost-benefit, cost-effectiveness, or cost-utility analyses [69, 70]
rather than on population-based expenditure projections. Our model is based on a large
statutory sickness funds dataset covering approximately four million insureds. All our
modeling is done within a population projection in which we simulate the distribution and
development of risk groups for the German population. This allows us to distinguish
projections with constant shares (status quo), projections with the time-to-death assumption,
and projections via the Markov modeling mentioned above. With this comprehensive
approach, we can extend the literature both in terms of medium- and long-term drug
expenditure projections and on the impact of the increasing high-cost cases on future
pharmaceutical spending. By making different assumptions about gains in life expectancy and
risk group-specific future growth trends of pharmaceutical costs, we can show the possible
future range of pharmaceutical spending for the healthcare system. As many scholars support
the assumption that healthcare spending is determined less by age itself than by proximity to

death [11, 12, 14], we also account for the costs of dying in one projection model.

The paper is organized as follows: First, we describe the projection model, the underlying data
set, and the different projection scenarios for the future development of pharmaceutical
spending in Germany. We then present our projection results, followed by a discussion of the
results considering current literature and limitations. At the end, we draw the respective

conclusions and provide policy implications.

2 Methods

We project future pharmaceutical expenditures for Germany until 2060. As usual for this long
time horizon, we focus on the demand side [62] and, particularly, on the impact of high-cost
patients. We follow the work of Thiébaut et al. (2013) [71] and use a Markov model approach
based on transition probabilities to simulate future pharmaceutical expenditure in various
scenarios. Our model operates with different risk groups by costs, which can transition among
themselves and also transition to death with group-specific mortality (see Pritchard (2006)
[72], Sherris & Wei (2021) [73] or Rickayzen & Walsh (2002) [74]). Since we focus on the
influence of patients with very high drug spending, the risk in our model is determined by prior
year pharmaceutical expenditure, as this has proven to be a good predictor of high spending

in the future [22, 23]. In line with Kildemoes et al. (2006) [75] and Morgan & Cunningham
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(2011) [76], we distinguish the costs of survivors and deceased to account for the costs of
dying. Following the Intergenerational Report of the Commonwealth of Australia (2021) [77],

we also include risk-group-specific cost growth rates in our projection.

The data in our model is calibrated to the pharmaceutical expenditures in 2019 of the German
SHI, covering about 90 percent of the German population. The population in our model is split
into six (different-in-size) risk groups based on their share of total pharmaceutical spending.
Risk group one represents the most expensive one percent, risk group two the second most
expensive four percent, and the other risk groups the following five, ten, 30, and 50 percent.

For each risk group, we calculate age- and sex-related affiliation probabilities.

We use a deterministic Markov approach to determine how the different risk groups transition
over time. For each cohort by age aand sex s, we calculate transition probabilities and

mortality rates as shown in Fig. 2. The initial risk groups g, (R1-R6) are shown in row one.

as

rgorgesq LO MOVE to another

Every cohort of a risk group has a certain transition probability tp

a,s

rgurges, 1N vEQr t 4+ 1. The rates

risk group rg;,41 or to die with a certain mortality rate mr
tDrg.rg.,, aNd mryy .o are calibrated to the life tables associated with the projection of
the German population up to 2060. For each risk group, we calculate average daily per-capita
pharmaceutical costs differentiated by deceased and survivors. In the Markov model, the
origin risk group in year t determines the amount of expenditure in year t + 1. Thus, in
yeart = 2018, we use age and sex-related (affiliation) probabilities to distribute the
population among the six risk groups to begin modeling from year t + 1 = 2019 using the
transition probabilities and mortality rates. In allocating expenditure to survivors and

decedents, we calibrate the model assuming a daily spending of 360 days for survivors and

180 days for decedents.
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Fig. 2 Transition Matrix (illustrated by the example of female cohorts for the transition from 2018 to 2019)
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D1 +an Py 2 +a 0 . e n n n n n —q
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Source: Own depiction.

3 Data

As input data for the population projection, we use official population statistics and life tables
from Destatis [78] and mortality.org [79] to derive (future) cohort sizes and survival rates. In
line with the fertility assumption G2 and mortality assumption L2 of the official forecast [39],
we assume a constant total fertility rate of 1.55 children per woman of childbearing age and
an increase in the life expectancy at birth from 83.4 (78.6) in the year 2019 to 88.1 (84.4) in

the year 2060 for women (men). Further, we abstract from future migration movements.

The risk group-specific data is based on a dataset from the AOK Baden-Wiirttemberg, a large
German sickness fund with around four million insureds, spanning the years 2010 to 2019. We
divide the insured population into the six (different-sized) risk groups, considering only
individuals with at least 360 insurance days. Since we need both a pre-observation year with
a full insurance period and a post-observation year to distinguish between deceased and
survivors, the data used stems from the period 2011 to 2018. Tab. 6.a provides an overview
of the study population. For every cost group, it offers for the year 2018 the number of
insureds, the share of total pharmaceutical costs, the distribution of women and men, and the
average age. Given the overall size of the dataset, the sex distribution, and the total
population's mortality rate compared to official population statistics, it can be assumed that

the data is representative [80, 81].
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Tabl. 6.b shows the average daily per-capita costs per risk group differentiated by survivors
and deceased, which we calibrate to the total pharmaceutical expenditures of the SHI for
Germany in 2019.% To account for spending trends, we calculate the expenditure growth rates

per risk group from 2010 to 2018, additionally differentiated by survivors and deceased.

The age and sex-related (affiliation) probabilities for every risk group obtained from the AOK
Baden-Wiirttemberg dataset are illustrated in Fig. 3. We can see that the probability of
incurring high costs is clearly dependent on age, especially evident in risk groups 2 to 4. In risk
group 1, the curve is less steep, with exceptionally high costs compared to the other groups.
The observed swings in the cohorts of 14- to 21-year-old women in groups 4 and 5 are

attributable to contraceptives that are reimbursed by SHI in Germany for these age groups.

Fig. 3 Initial affiliation probability in the different risk groups by age 2018

Risk group 1 (Top 1 percentile) Risk group 2 (2-5 percentile X Risk group 3 (5-10 percentile)

Risk group 4 (10-20 percentile) Risk group 5 (20-30 percentile, Risk group 6 (Bottom 50 percentile)

Source: Own data and depiction. Please note the varying axis scaling.

The data set allows us to follow each insured over the complete years 2010 to 2018. Thus, we
can also track how frequently risk classes are changed (or individuals die). The transition
probabilities for the survivors (as a weighted average over sex and age) as well as the share of
decedents per initial risk group and their average age are illustrated in Table 6.c. As the

probability of changing the risk class is constant across years, we use the average of the age-,

as

rgurgs, ANd mortality rates

sex- and risk-group-specific one-year transition probabilities tp

a,s

mrrg tTgt+1

from 2011 to 2018 in the simulation. The transition probabilities of zero-year-olds

16 For the cohort of zero-year-olds, we use only total costs without dividing them into cost groups.
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are estimated based on the risk group affiliations of one-year-olds. In the next step, all values

are calibrated to the corresponding years' life tables associated with the German population.?’

Tab. 6 Study population characteristics and modeling assumptions

a.

Study population characteristics 2018

Risk Population Sex distribution Average age

group percentile Cost-share Women Men Women Men Total
1| Top1% 46% 52.9% 47.1% 54.0 52.6 53.4
2 | 2-5% 23% 51.3% 48.7% 68.0 64.0 66.1
3 | 5-10% 12% 54.0% 46.0% 69.1 64.6 67.0
4 | 10-20% 10% 57.2% 42.8% 63.2 60.1 61.9
5 | 20-50% 8% 58.9% 41.1% 46.6 44.9 45.9
6 | Bottom 50% 1% 47.1% 52.9% 35.3 33.7 34.5

Total 100% 100% 52.2% 47.8% 45.7 42.1 44.0

b. Average cost structure

Risk Calibrated average daily costs 2019 Cost growth rates per year 2010-2018

group Survivors Deceased Survivors Deceased
1 56.5 € 68.6 € 6.3% 8.0%
2 8.6 € 12.7 € 2.3% 3.0%
3 3.8€ 6.3€ 1.6% 2.2%
4 1.9€ 45¢€ 1.1% 1.8%
5 0.6 € 4.7 € -0.2% 4.2%
6 0.1€ 3.4€ 1.0% 1.6%

Total 14€ 11.7 € 3.2% 3.5%

c. Average transition probabilities

Risk Risk group Year t + 1

group Mortality

Year t 1 2 3 4 5 6 | rate
1 65.3% 15.2% 1.7% 1.8% 2.6% 1.9% 11.5%
2 5.4% 63.1% 15.7% 4.2% 2.9% 1.9% 6.8%
3 1.0% 14.6% 45.9% 23.8% 6.7% 3.4% 4.8%
4 0.4% 2.3% 11.4% 50.2% 25.7% 6.4% 3.6%
5 0.2% 0.5% 1.5% 9.5% 60.2% 25.7% 2.5%
6 0.1% 0.2% 0.5% 1.7% 19.3% 76.0% 2.1%

Source: Own data and depiction.

4 Scenarios

We use different scenarios, all presented in Tab. 7, to simulate the range of future drug

spending in the German SHI. The benchmark is a Status quo simulation, as often done in the

literature. In this scenario, the cost distribution per age and sex of the projection's base year

("status quo") is linked to the future demographic development of the population. In the

17 The aggregate claim data is determined in the pseudonymized database environment of the AOK Baden-
Wirttemberg via SQL scripts, resulting in only anonymized data being used for the model calculations. Further
calculations are executed using Microsoft Excel and Matlab.
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second scenario (scenario Cost of dying), we additionally distinguish between the sex- and
age-specific costs of survivors and decedents. As our population projection comes along with
an increase in life expectancy, this approach mimics the cost-of-dying theory (for the costs

occurring in the last half-year before dying).

In scenarios 3 to 5, we use the Markov model described above to simulate future

pharmaceutical expenditure. Scenario 3 serves as our Baseline scenario, where we use the

transition probabilities tpry. g,.,

a,s

rgurgiss O

and the risk group-specific mortality rates mr
model future pharmaceutical spending. Since the mortality rates are calibrated to the
moderately increasing life expectancy assumed for the underlying population, this resultsin a
continuous gain in life expectancy for all cost groups. In scenarios 4 and 5, we also show the
impact of an uneven gain in life expectancy for different risk groups. In scenario 4, Expensive
Ageing, the high-cost groups 1-4 benefit from the increasing survival rate. In contrast to this,

in scenario 5, Inexpensive Ageing, the very low-cost groups 5 and 6 drive the increase in life

expectancy.

In all scenarios, we initially apply constant pharmaceutical costs over time (no pharma growth
surplus). In a further step, we consider uniform and finally risk group-specific growth rates of
per-capita pharmaceutical costs (pharma growth surplus). For this purpose, we use the
observed average cost growth rates of our dataset from 2010 to 2018 (see Tab. 6.b) less an
alternative economic nominal growth rate of three percent per year. The latter amount
follows the annual real GDP growth projected by the European Commission [82] (one percent

per year) plus the European Central Bank's inflation target [83] of two percent per year.
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Tab. 7 Projection scenarios and their model calculation

Model calculation
No Scenario Description Pharmaceutical costs Tran5|t|.o'n Mortality rate
probability
1 Status quo e Extrapolation of age Daily pharmaceutical - ® Age and sex-
and sex distribution average costs per sex specific mortality
and age rate
e Decreasing
according to the
L2 scenario
2 Costs of e Extrapolation of age Daily pharmaceutical - ® Age and sex-
dying and sex distribution average costs per sex specific mortality
e Additional distinction and age differentiated rate
of costs between by survivors (360 days) e Decreasing
deceased and and decedents (180 according to the
survivors days) L2 scenario
3 Baseline e Markov model Costs t + 1 according to tDr g rges omryy g
simulation risk group membership @ Calibrated to L2
e Consideration of risk in t, differentiated by scenario
group-specific survivors and deceased e Uniform decrease
transition probabilities | inyeart +1 across all risk
and mortality rates groups
o All cost groups benefit
from increasing life
expectancy
4 Expensive o Markov model Cost £ + 1 according to Dy gorgen omryy ...
Ageing simulation risk group membership o Calibrated to L2
e Consideration of risk in t, differentiated by scenario
group-specific survivors and deceased ® Decreasing only
transition probabilities | inyeart +1 for RG1-4
and mortality rates
e High-cost groups 1-4
benefit from
increasing life
expectancy
5 Inexpensive | e Markov model Cost t + 1 according to (7 omryy g
Ageing simulation risk group membership ® Calibrated to L2
o Consideration of risk in t, differentiated by scenario
group-specific survivors and deceased e Decreasing only
transition probabilities | inyeart +1 for RG5-6
and mortality rates
e Low-cost groups 5-6
benefit from
increasing life
expectancy

Source: Own depiction.

5 Results

We first consider the results of a simplified projection of the change of annual per-capita drug

spending for the five scenarios in which we neglect the case of future cost growth due to

pharma growth surplus (Fig. 4). The two dashed lines in Fig. 4 show the extrapolations of the

scenarios Status quo and Costs of dying. Both scenarios lead to more or less the same increase

in pharmaceutical per-capita spending (562€ Euro in 2019 [84]) of around 15 percent until

2060. The reason for this increase is the upcoming ageing of the German population.
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Interestingly, in contrast to other kinds of HCE (e.g., expenditures for hospital services),
proximity to death seems to have a minor influence on future pharmaceutical spending (see

for this point also Kildemoes et al. (2006) [75] or Moore et al. (2014) [85]).

The Baseline scenario of the Markov simulation, where we take the risk group-specific
mortality rates and transition probabilities into account, shows a moderately higher increase
in drug spending of around 25 percent. In all scenarios so far, every risk group benefits equally
from the assumed increase in life expectancy. By contrast, in scenario 4, Expensive Ageing,
only the high-risk groups 1-4 benefit from a gain in life expectancy, which leads to a
significantly stronger increase in per-capita spending of almost 40 percent. The opposite result
can be seen in scenario 5, Inexpensive Ageing, where only the less cost-intensive groups 5-6
benefit from the gain in life expectancy, resulting in a spending increase of only about 17

percent.

Fig. 4 Projection proportional change of annual per-capita pharmaceutical expenditure in Germany up to 2060
(without consideration of cost growth rates)
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Source: Own calculation and depiction.

In general, one can notice that the Markov modeling predicts higher expenditure increases
than the status quo projection, even without any increase in life expectancy of the high-risk
groups. This illustrates the crucial difference between the two forecasting methods. In our
Markov modeling, we first define the six risk groups, followed by calculating age-related
transition probabilities. Resultantly, the high-cost groups 1-4 have a significantly higher age

with a mean of 63.6 years, compared to the risk groups 5 and 6 with 38.8 years. Thus, the
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further increase in high expenditures in the high-cost groups due to their increasing age has a
decisive impact on total spending, especially in the medium term. Only in the long run (after
2080) is this effect compensated by higher mortality in these groups. A status quo projection
with a mere extrapolation of average values cannot account for such determining
socioeconomic characteristics and may underestimate future spending especially in the

medium term.

So far, the results are based on the assumption of no pharma growth surplus (compared to
GDP-per-capita) in the future. However, the cost growth rates presented in the data section
(Tab. 6.b) for the years 2010 to 2018 differ significantly from zero. The consequence of a
continuing trend of cost increase is shown in Tab. 8 for all scenarios. It depicts the projection
results as a percentage change from 2019 to 2040 and 2060. The results using a uniform
growth rate for all cost-risk groups of 3.2 percent for survivors and 3.5 percent for decedents
are compared to the results using risk group-specific growth rates. All scenarios are
additionally based on an assumed alternative nominal economic growth of three percent per

year.

Tab. 8 Projected percentage change of annual per-capita pharmaceutical expenditure of the German population
from 2019 to 2040 and 2060

2040 2060
Uniform Risk group- Uniform Risk group-
Scenario No cost growth rate specific No cost growth rate specific
growth across all risk growth growth across all risk growth
groups* rates** groups* rates**
1. Status quo 11.9% 17.5% 17.5% 15.2% 27.4% 27.4%
2. Costs of dying 11.8% 17.4% 17.4% 15.0% 27.3% 27.3%
3. Baseline 20.3% 26.8% 44.0% 25.8% 39.9% 121.2%
4. Expensive Ageing 27.7% 34.3% 54.8% 38.9% 54.4% 151.7%
5. Inexpensive Ageing 16.4% 22.7% 39.0% 17.2% 30.4% 104.8%

Source: Own calculation and depiction.

*3.2% per year for survivors, 3.5% per year for decedents adjusted by an alternative economic growth rate of three percent
per year

** Based on the calculated growth rates shown in Tab. 6.b and adjusted by an alternative economic growth rate of three
percent per year

We can see that even at a uniform growth rate, annual per-capita spending on
pharmaceuticals in Germany would increase by 40 percent up to 2060 in our Baseline scenario.
However, the gap between the extrapolations of per-capita spending by age and sex (1-2) and
the Markov scenarios (3-5) is even more prominent when applying risk-group-specific growth
rates in our model. The Baseline scenario of the Markov model projects an increase of more

than 40 percent already by 2040. By 2060, pharmaceutical per-capita spending would more
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than double, compared with an increase of only about 27 percent in scenarios 1 and 2. The
combination of increasing life expectancy to the benefit of high-cost risk groups 1-4 and a
continued trend in risk-group specific growth leads to a pharmaceutical per-capita

expenditure increase by more than 150 percent in scenario 4, Expensive Ageing.

6 Discussion

To our knowledge, this study is the first to project pharmaceutical expenditures for Germany,
considering different cost risk groups and their development in the medium- and long-term
horizon. We can show that although the probability of incurring high drug spending depends
significantly on age, the key determinant of future expenditure growth is the cost trend within
the different risk groups, together with an increasing life expectancy for high-risk groups. In
contrast, other demographic trends, including mortality costs, play a minor role in influencing
pharmaceutical expenditure growth. If the observed spending trend in the high-risk groups
continues, the German SHI must prepare for a significant increase in pharmaceutical

expenditure already in the medium term.

There are only a few studies that can be compared with our results. Boecking et al. (2012) [86]
project the pharmaceutical spending for Germany and France up to 2050, solely considering
the demographic development in an extrapolation of per-capita expenditures. For Germany,
they calculate a demographically driven increase in pharmaceutical spending of 26 percent
from 2004 to 2050 [86], which is comparable with our results for the Status quo scenario. Our
slightly lower projected rate of increase is probably attributable to the underlying population
projection assuming a smaller proportion of older people. Thiébaut et al. (2013) [71] use a
similar Markov simulation model to predict future drug spending in France until 2029. Using
an aggregate indicator of morbidity—mortality, they model different scenarios of chronic
morbidity and forecast growth in pharmaceutical spending for France between 33 percent
(scenario healthy ageing) and 55 percent (scenario medical progress) by 2029 [71]. Kildemoes
et al. (2006) [75] project the Danish pharmaceutical expenditures from 2003 to 2030, also
focusing on the effect of population ageing. In line with our findings, they arrive at nearly the
same results with and without accounting for the costs of dying, projecting an increase of 17.9
and 16.9 percent, respectively [75]. They also conclude that the predicted demographically
driven increase is small compared to recently observed increases in pharmaceutical

expenditures [75]. Morgan & Cunningham (2011) [76] reach the same conclusion in their
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analysis and forecast of prescription drug spending for British Columbia. Many studies show
that, instead, most of the past increases in drug spending stemmed from changes in therapies
and amount, as well as new pharmaceuticals [87]. Thus, not only the future demographic

development needs to be considered for medium- and long-term forecasts.

At the same time, there are certain limitations to our results. Firstly, Markov models have a
key limitation: their lack of memory. That means that with each cycle, individuals' possible
transitions depend only on their current state, not on how they got to it [70, 88]. In our case,
we assume that the identified transition probabilities are age-dependent and remain constant
in the future. With regard to the cost of dying, these model specifications imply a risk group-
specific probability of dying. It is possible, however, that there is reverse causality, namely that

high costs of dying lead to higher risk classification.

Furthermore, the assumption of an ongoing pharma growth surplus must be explored more
in detail. Indeed, Newhouse (1992) [89] identified medical-technological progress as the main
cause of past increases in healthcare spending, and many studies confirm that health spending
in OECD countries is higher than GDP growth [90, 91]. An overview of possible reasons for this
phenomenon can be found in Chernew & Newhouse (2011) [92]. Meijer et al. (2013) [93]
found the same phenomenon for pharmaceutical spending in the Netherlands. And in line
with our findings, they showed that the high-cost cases are the main drivers [93].
Nevertheless, more recent studies show that the amount of cost-increasing innovations
strongly varies between different diseases [94, 95]. In turn, these are expected to develop very
differently within demographic change [27, 96]. Thus, future pharmaceutical spending will be

influenced by several factors whose interaction should be explored in more detail.

Despite the abovementioned limitations, we can derive the following implications from our
results. First, our analysis shows that the choice of projection model significantly impacts the
forecast results. Even if the widely discussed mortality costs are considered, status quo
projections may not adequately reflect the decisive socioeconomic differences of certain
population groups. This leads to the second key point: Future drug expenditures depend
significantly on the life expectancy and expenditure development of a specific population
group, namely the high-cost cases. Therefore, additional research is needed on which

population groups are really driving the current increase in life expectancy to better forecast
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future drug spending. Especially since a benefit in longevity in the high-risk groups is

associated with enormous financial input.

Whether this high investment leads to the intended goals should be monitored more closely,
also considering the quality of life gained. Especially because the high-cost groups drive the
identified excessive growth in drug spending!®, which, if continued, would have an even
greater impact on future spending than rising life expectancy. This pharma growth surplus is
not only influenced by the upcoming amount of innovations and new therapies but also by
the pricing policies of the German SHI. Thus, policymakers should question the current less
restrictive requirements for the evaluation and reimbursement of orphan drugs in Germany

to ensure the sustainability of the German health care system.?®

7 Conclusion

When forecasting pharmaceutical spending in the medium and long term, particular focus
should be placed on the small group of high-cost patients responsible for a large share of drug
expenditures. If the current spending growth on high-cost therapies continues, the German
SHI must prepare itself for a significant increase in pharmaceutical spending. Policymakers
should address this with adequate pricing policies in the orphan drug segment and increased

monitoring regarding the impact of these therapies on life expectancy and quality.

18 The annual growth rates determined are consistent with other studies on the development of the
pharmaceutical market in Germany, see for example, Wasem et al. (2021) [97].
19 The current draft law of the "GKV-Finanzstabilisierungsgesetz" includes an item concerning this point [98].
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Contribution 3: Cost-risk groups in the SHI and the costs in
the year of death”

1 Introduction

Steadily rising HCE are a phenomenon observed for decades in many OECD countries [4].
Possible causes for the increase of HCE are medical innovations, real income growth,
regulations like pricing policies for medical goods, as well as the ageing of the population [16].
The latter is one of the most controversial topics in health economics. Indeed, there are fears
that the changing demographic structure, with fewer and fewer working people facing a
growing number of retirees incurring higher HCE at older ages, will jeopardize the fiscal
sustainability of the health care system in countries like Germany [3, 4]. However, in 1999,
Zweifel et al. (1999) identified the latter effect of higher HCE in older age groups as a possible
"red herring" and pinpointed mortality costs as the decisive determinant of high HCE [11].
Accordingly, a longer life expectancy would merely shift high spending in the last year(s) of life

to a later age [11-15].

Taking an actuarial perspective, insureds are usually divided into risk groups based on
different socio-demographic factors to quantify their risk of incurring high expenses [100]. In
many developed countries, a growing concentration of HCE in a small risk group of high-cost
patients has been observed [17-20]. In the German SHI, which covers around 90 percent of
the population, the most expensive ten percent of insureds account for 60 percent of total
HCE [19]. But 20 percent of HCE are accountable solely to the group of the most expensive

one percent, with an increasing trend [19, 20].

However, if proximity to death is a key factor in high spending, it also should play an important
role in an insured's individual cost risk. Thus, the question arises of how far mortality costs are
related to high-cost cases (and vice versa). Several studies examined Germany's high-cost
cases' characteristics and spending profiles in detail [17, 19-21]. They are also repeatedly
discussed regarding possible risk selection in the German SHI and legal structures to avoid it
[101-103]. However, we are not aware of any study to date that has examined the cost of

dying as a function of different risk groups for Germany.

20 Hofbauer-Milan V, Fetzer S, Hagist C. Cost risk groups in the SHI and the costs in the year of death. Unpublished
working paper. 2022 [99].
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Our paper aims to fill this research gap by looking at mortality costs of different risk groups.
The analysis is based on data of a large German sickness fund covering around four million
insureds from 2011 to 2019. We first divide the entire study population into ten risk groups
by costs of equal size, followed by a detailed examination of their expenditures in various
categories of HCE, particularly depending on survival or death. This allows us to show which
type of expenditures dominate in the several risk groups and to what extent they are

attributable to mortality costs.

The paper is organized as follows: We first describe our methods of analysis and then present
the results on HCE distribution and structure in the different risk groups differentiated by
survivors and deceased. This is followed by a detailed discussion of the results in the context
of other studies, also considering our approach's limitations. Finally, we conclude the paper

with policy implications and our conclusion.

2 Methods

Our analyses rely on a comprehensive data set of a large statutory sickness fund, the AOK
Baden-Wiirttemberg, spanning the periods from January 2010 to December 2019. The data
set includes socio-economic characteristics such as age, gender, insurance duration, and date
of death. In addition, it contains all related expenditures eligible for the risk structure
compensation scheme according to §4 of the "Risikostruktur-Ausgleichsverordnung" (RSAV)
[104], representing around 95 percent of total SHI-covered HCE. The expenditures are already
cumulated by the respective seven main categories: expenses for physicians, dental care,

hospitalization, sick pay, pharmaceuticals, dialysis, and other expenses.?!

The study population used for the analysis contains only individuals with a full insurance
period of at least 360 days in all years 2011 to 2019 unless they were born or died in one of
the analysis years. The insurance period after birth or before death must also be complete in
the latter two cases. For each calendar year, we first divide the study population into survivors
and decedents. All survivors with at least 360 days of insurance are then classified into ten risk

groups by costs, based on their share of total health care spending in the categories listed

21 "Other expenses" include, for example, expenses for remedies, aids, patient transport, or rehabilitation. For
details on the eligible services and allocations to the main categories, see the Federal Office of Social Security
databases [105].
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above.?? The risk groups consist of deciles, starting with risk group one as the most expensive
ten percent of insureds in descending order to the least expensive ten percent. For some
analyses, the top ten percent are again subdivided into risk group 1a as the most expensive
one percent, risk group 1b as the second most expensive four percent, and risk group 1c as
the third most expensive five percent. Tab. 9 shows the risk group classification, applied to all

analysis years, exemplified by the study population of 2018.

Tab. 9 Risk group classification of the study population 2018

Risk group Number of insured Population share
la 28,478 1%
1 1b 113,909 4%
1c 142,386 5%
2 284,773 10%
3 284,769 10%
4 284,776 10%
5 284,769 10%
6 284,776 10%
7 284,768 10%
8 284,775 10%
9 284,768 10%
10 284,779 10%
Total Survivors 2,847,726 100%
Survivors 2,847,726 98%
Deceased 49,012 2%
Total population 2,896,738 100%

Source: Own depiction.

We can then determine the expenditure shares of total HCE depending on survival status and
risk group affiliation and the related distribution between the several categories. In addition,
we calculate daily per-capita expenditures in the various risk groups by category and survival
status. For this purpose, daily HCE by category of the study population are calibrated to the
category's expenditures of the total German SHI according to official annual statistics [106].

Thus, our results are comparable with other studies on spending by the German SHI.

Our data spanning the years 2010 to 2019 allows us to follow individuals after risk
classification. Thus, we can differentiate the cost in the year after risk classification between
survivors and deceased. This enables us to compute risk-group-related mortality rates as well
as the risk-group-related costs of the deceased in the year of death. As we require both a pre-

observation year with a full insurance period and a post-observation year to distinguish

22 To eliminate risk group classification bias due to incomplete insurance years and costs after birth, we exclude
the cohort of zero-year-olds for each calendar year.
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between deceased and survivors, we can present analysis results on HCE for the years 2011

through 2018.%

3 Results

We start the presentation of our results with the distribution of total HCE between all
survivors of the year 2018 after the risk group classification. Fig. 5 shows in the left circle the
spending distribution between the main risk groups; in the right circle, the distribution of risk
group 1 is broken down again into subgroups 1a, 1b, and 1c. We can see that 62 percent of
survivors' HCE are incurred by the most expensive ten percent (risk group 1), with 26 percent
generated solely by the most expensive one percent (risk group 1a), which is in line with the

results of other studies on HCE distribution for Germany [19, 20].

Fig. 5 HCE distribution of survivors 2018 after risk group classification
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In a next step, we want to show to what extent spending is additionally distributed between
survivors and decedents. We use per-capita daily spending in 2018 for this purpose to make
HCE of decedents and survivors comparable. First, we can distinguish per-capita spending of

survivors in 2018 depending on whether they died in 2019 (Decedents 2019) or survived 2019

2 The aggregate claim data is determined in the pseudonymized database environment of the AOK Baden-
Wirttemberg via SQL scripts, resulting in only anonymized data being used for further calculations in Microsoft
Excel.
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(Survivors 2019). The risk group membership of these two groups is based on the risk group
classification of 2018. In addition, we would like to contrast the daily per-capita HCE of those
who died in 2018 (Decedents 2018). Their risk group affiliation, in turn, stems from the 2017
risk group classification. Fig. 6 shows the daily per-capita HCE of the three groups just
described according to their risk group affiliation. Furthermore, the spending distribution
among the -categories of HCE (physicians, dental care, hospitalization, sick pay,

pharmaceuticals, dialysis, and others) is also apparent.

Fig. 6 Daily per-capita HCE 2018 of survivors 2019, decedents 2019, and decedents 2018

Source: Own depiction. RG = Risk group

Fig. 6 shows that the Decedents 2018 have the highest daily per-capita HCE in all risk groups.
Thus, as might be expected, HCE are highest in the calendar year of death. But, remarkably,
the Decedents 2018 daily spending is nearly the same across all risk groups, with around 60 €
per capita and day. Only the most and least expensive ten percent differ significantly. Daily
per-capita spending of the most expensive one percent (risk group 1a) reaches nearly 200 €.

In contrast, the cheapest ten percent of Decedents 2018 generate only 39 € in daily expenses.

But comparing now the Decedents 2018 expenditures with those of the Survivors 2019 and
the Decedents 2019, we can see that the difference is proportionally small for the most
expensive one percent. Thus, the costs in the year of death do not appear to drive these
insureds to become high-cost cases at first glance. Comparing the daily per-capita costs 2018

of the Decedents 2019 and Survivors 2019, we observe almost no difference between annual
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per-capita HCE, which applies to all risk groups. Thus, mortality costs do not appear to reach

a relevant level in the calendar year prior to death but only in the year of death.

Observing the daily per-capita costs of the different categories shows that hospital
expenditures are almost exclusively responsible for the cost difference between survivors and
decedents in the calendar year of death. Pharmaceutical expenses and expenditure subsumed
under "Other" also play a subordinate role. But to be among the most expensive insureds,
however, these two groups, together with dialysis expenses, seem to play the decisive role.

Furthermore, it is remarkable that all dialysis spending is only found in risk group 1a.

Tab. 10 shows the proportional distribution of total HCE between Survivors 2018 and
Decedents 2018, along with the related breakdown between categories. Taking this approach,
we see that the deceased account for only eight percent of total HCE, with five percent
attributable to risk group 1. Thus, the mortality costs of the great majority of insureds play

hardly any role in total HCE.

Considering the deceased distribution between the categories by risk group, it is again clear
that dying in a hospital causes the costs in the year of death. Hospital expenditures account
for 70 to 80 percent of decedents' expenditures, except in risk group 1. Their hospital
expenditures already account for around 40 percent among survivors but then increase only
slightly in the case of death. With an expenditure share of 30 percent, pharmaceutical
spending plays a significant role in the most expensive one percent (risk group 1a). In the
lower-risk groups of survivors, spending on physicians accounts for the majority of HCE, as

well as on dental care and, to a smaller extent, pharmaceuticals.
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Tab. 10 HCE distribution between survivors and decedents 2018

a. Survivors 2018

Risk group Share of total Distribution among categories

affiliation 2018 | expenditure 2018 | physicians | Dental care | Hospitalization | Pharmaceuticals | Sick pay Dialysis | Others

1 57% 7% 1% 43% 23% 9% 2% 15%
la 19% 4% 0% 44% 30% 5% 4% 12%
1b 24% 7% 1% 44% 21% 12% 0% 14%
Ic 14% 12% 3% 40% 17% 8% 0% 20%

2 14% 23% 8% 29% 19% 4% 0% 17%

3 7% 34% 15% 12% 23% 2% 0% 14%

4 5% 40% 23% 4% 22% 1% 0% 11%

5 3% 44% 27% 2% 18% 1% 0% 9%

6 2% 48% 27% 1% 16% 1% 0% 7%

7 2% 53% 25% 0% 15% 1% 0% 5%

8 1% 57% 26% 0% 13% 1% 0% 1%

9 1% 59% 28% 0% 10% 0% 0% 2%

10 0% 63% 29% 0% 7% 0% 0% 1%

Total 92% 17% 7% 33% 22% 6% 1% 14%

b. Decedents 2018

Risk group Share of total Distribution among categories

affiliation 2017 | expenditure 2018 | physicians | Dental care | Hospitalization | Pharmaceuticals | Sick pay Dialysis | Others

1 5% 4% 0% 59% 17% 1% 2% 16%
la 2% 4% 0% 51% 23% 2% 4% 15%
1b 2% 5% 0% 62% 16% 1% 0% 16%
Ic 2% 5% 0% 66% 11% 1% 0% 17%

2 1% 5% 1% 70% 10% 1% 0% 14%

3 1% 5% 1% 74% 8% 1% 0% 11%

4 0% 5% 0% 75% 8% 1% 0% 11%

5 0% 4% 1% 78% 6% 0% 0% 10%

6 0% 4% 0% 80% 5% 1% 0% 9%

7 0% 4% 0% 80% 5% 1% 0% 9%

8 0% 3% 0% 80% 6% 2% 0% 9%

9 0% 3% 0% 75% 8% 2% 0% 11%

10 0% 2% 0% 81% 5% 3% 0% 9%

Total 8% 5% 0% 65% 14% 1% 1% 14%

Source: Own depiction.

All in all, our analysis so far indicates that proximity to death is probably not the main factor

explaining HCE when controlling for different cost risks. Thus, it might be interesting if the

different risk groups vary in socio-economic characteristics. Fig. 7 shows the risk groups' age-

and gender-specific affiliation probabilities (primary axis) and mortality rates (secondary axis).

They are computed as averages of all available analysis years 2012 to 2018, as only small

numbers of cases are available in some age groups.
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Fig. 7 Average affiliation probabilities and mortality rates in the different risk groups by age
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One can see that the probability of belonging to the most expensive ten percent clearly
depends on age, reaching its maximum for men and women at about 87 years. But at the same
time, these high-risk cases also die with a high probability of 30 and 35 percent, respectively.
The older age groups are also significantly more frequently represented in risk groups 2 and
3. Fromrisk group 4, the curves flatten, then the trend reverses. Also noticeable is that middle-

aged women are more likely to belong to a more expensive risk group.

Considering all the results presented, one can say that there seems to be a kind of chicken-
and-egg situation regarding the causality of high-cost cases since we don't know whether they
are particularly expensive because they are about to die in the following year(s). Or on the

other hand, high HCE, in general, could be associated with high mortality.

4 Discussion

Our results extend the literature as we show the relationship between cost-risk groups and
the costs in the year of dying (and the year before). By looking at both daily spending and the
proportional distribution of spending in relation to the total population, we can provide a
comprehensive overview of the expenditure structure, broken down by categories of
spending. Our results offer that mortality costs are only evident in lower-risk groups and
almost exclusively attributable to hospitalization. Moreover, HCE in the calendar year of death
is equal for the majority of risk groups. The spending difference between survivors and
decedents is only evident in the calendar year of death, not in the year before death. For the
high-risk groups, HCE in the year of death is significantly higher than in all other risk groups,
but the difference between survivors and decedents is proportionally small. Pharmaceutical
spending, with an increasing concentration in a few high-cost cases, is primarily responsible
for the crucial difference in spending between the decedents in high-risk and other risk

groups.

The results can be placed in the previous literature. With 51.2 percent hospital and 23.3
percent drug expenditures, Lange et al. (2020) can also identify these two categories as the
main cost pools of high-risk patients [21]. In line with national and international studies, we
show that the probability of belonging to the most expensive cases is strongly related to age,

with a substantially increased mortality rate compared with the overall population [20, 21,
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107].%% The higher proportion of women in the high-risk groups is also consistent with the
findings of other studies [20, 21, 108]. For a comprehensive literature review on other socio-
demographic characteristics or frequently diagnosed diseases of high-risk insureds, see

Wammes et al. (2018) [109].

The work of Stahmeyer et al. (2021) presents a detailed analysis of decedents' and survivors'
spending characteristics for Germany based on a similar dataset from 2017 [110]. They also
find a massive increase in pre-death hospitalization spending and a nine percent share of total
HCE attributable to decedents [110]. The slight difference from our result of eight percent is
probably due to their consideration of the last year before the date of death rather than the
calendar year of death as we do. By looking at spending each quarter before death, they
determine that half of all health care spending in the last year of life is attributable to the
previous quarter before death [110]. This is consistent with our findings of a significant
difference in spending between survivors and decedents only in the calendar year of death.
Karlsson et al. (2016) also confirm this result based on data from a private German sickness
fund [17]. In their analysis, the spending difference between survivors and decedents drops
by half when looking back more than a year before death, which suggests pure mortality costs

and less an age effect [17].

Bynum et al. (2017) find in their analysis for the USA that high-cost Medicare and Medicaid
insureds can be divided into two distinct groups: older beneficiaries facing the end of life and
younger beneficiaries with ongoing functional support needs [111]. Aldridge & Kelley (2015)
also take a closer look at the deceased within the high-cost cases for the United States [112].
Although they find that most decedents are in the high-cost group, the majority of high-cost
cases are still not in their last year of life [112]. Wammes et al. (2017) also show for the
Netherlands that dying increases the risk of incurring high costs, but less than ten percent of
beneficiaries with high costs are in their last year of life [107]. Davis et al. (2016) try to find
cost drivers at the end of life of older Medicare beneficiaries [113]. Their findings suggest that
HCE at the end of life is often an indicator of the general spending profile, beginning long
before death [113], which is in line with our results for the group of the most expensive one

percent.

2 According to Lange et al. (2020), German high-risk insureds are particularly old in an international comparison,
although the generally higher average age of the German population must also be considered [21].
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Our results also may have implications on the optimal design of risk adjustment schemes
between sickness funds. In 2020, Germany introduced a new regulation for high-risk patients
in the SHI's morbidity-based risk adjustment scheme. An additional risk pool covers 80 percent
of the expenditures for high-cost insureds with more than 100,000 euros annual spending
[114, 115]. In the light of our results, this is indeed an important advancement. But despite
the 2014 adjustment to account for deceased expenses in the risk adjustment scheme?, the
decedents are still heavily underfunded. On average, only about 35 percent of decedents'
expenses are covered by risk adjustment [118], depending on the age cohort ranging from 7.3
percent for under-5-year-olds to 57.8 percent for 94-year-olds [117].26 Accordingly, death is a
risk difficult to capture, which insurers have to bear. Proposals to include lump-sum payments

for each case of death in a risk adjustment have existed for some time [119-121].

Our results also have some limitations, firstly regarding the study population. As we examined
a closed study population, which can be entered only by birth or exit by death, we could not
include individuals who changed their insurance during this period. In addition, it is important
to note the small cohort sizes in the high-risk groups for those younger than ten years and
older than 92 years (n between ten and 20) and in the very low-risk groups for those older

than 93 years (n between six and 20).

Secondly, the expenditures considered are also subject to some limitations. The classification
of risk groups only allowed an analysis of expenditures from full calendar years, which means
that the period until the deceased's death is not always the same for every person. However,
Karlsson et al. (2016) show in their analysis that there is no difference in the expenditure
differential between decedents and survivors depending on whether taking an exact view of

the year before death or the calendar year of death [17].

Despite the limitations above, we can finally derive three cases regarding policy
recommendations from the relationship between individual cost risk and mortality costs:

Firstly, death can occur suddenly and accidentally, without any mortality costs being incurred

25 Consideration of deceased expenditures has been adjusted to the international standard of annualization, i.e.,
deceased expenditures are divided by the insured's days of coverage and multiplied by the number of days in
the year [116]. The German government thus followed a recommendation of the scientific advisory board
mandated to regularly evaluate the risk adjustment scheme [117].

26 The evaluation of the risk adjustment scheme back in 2009 found that the introduction of the risk pool would
have the same slightly positive effect on deceased coverage rates as the implementation of decedent
expenditure annualization [117].
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at all. In the second case, there is a short-term illness treated mainly in the hospital until death,
clearly showing up as a cost difference to survivors in the lower risk groups in the year of
death. These cases are hardly predictable and barely preventable. Considering their small
share in total HCE and the small timeframe until death, we also do not see any potential for

significantly influencing HCE.

This is quite different in the last case, in which a severe chronic illness turns the insureds into
high-cost cases already sometime before death. We cannot conclusively answer the question
of the extent that mortality costs contribute toward turning these insureds into high-cost
cases. More research is needed to determine which ones of the high-cost cases pass to other
high-risk groups and which ones die. Despite their high mortality rate, we see this risk group's
huge proportion of total spending as the main target for policy reforms. On the one hand,
some hospitalizations in this group are certainly avoidable through better outpatient care, as
Lange and colleagues (2020) also deduce from their study [21]. In addition, policymakers
should also focus on the high pharmaceutical expenditures that distinguish the dying high-risk
cases from those in other risk groups. In line with Wende & Schmitt (2021) as well as Hofbauer-
Milan et al. (2022), we see a significant increase in drug spending concentration, which could
be counteracted by pricing policies for new therapies, especially regarding orphan drugs [19,

61].

5 Conclusion

Our analysis shows that clear mortality costs are only evident in the lower-risk groups. The
extremely high HCE of the high-risk groups show up already some time before and increase
only slightly toward death compared with the other risk groups. Since the high-risk groups also
have the highest mortality rate, we could not finally answer to what extent mortality costs
contribute to turning these insureds into high-cost cases. The causality question remains
open: Are high-cost risk patients expensive because they are about to die in the following
year(s), or is a high cost risk, in general, associated with high mortality? However, the answer
to this question may not be essential. Especially for projections of future HCE, considering the
high-cost cases' characteristics, like expenditure shares and specific life expectancy, seems to
be much more relevant than mortality costs of both high-cost cases and the rest of the

population.
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Summary

In summary, all three contributions of this dissertation could show that the German SHI is
facing major challenges. These result not only from the demographic transition in the German
population but also from new medical developments and changing spending trends,

particularly in the field of pharmaceuticals.

In the first paper, we focused on the disease burden in the German population and presented
projections of ten widespread non-infectious diseases. Using a Markov illness-death model
with recovery, our analysis highlighted the importance of focusing on the interdependence
between demographic and disease-specific components in projecting future disease burden.
We could show that the increase in disease burden due to increasing life expectancy and high
incidence rates in older age groups can be mitigated but not fully compensated in case of a
compression of morbidity. As a result, we must expect a significant increase for almost all
considered diseases, even in optimistic scenarios. Especially the strong increase of primary
age-related and care-intensive diseases like dementia or heart failure could bring the German
SHI to its capacity limits. Only more effective prevention could alleviate the massive caseload,

but this requires immediate action by policymakers and healthcare managers.

But there is also a clear need for action in the field of drug pricing policy, as we showed in the
second paper. Here, the increasing approval of high-priced special therapies for rare diseases
has led to a growing spending concentration on a small group of high-cost cases that have not
previously been considered in projections of future drug spending. In our approach, we
projected pharmaceutical expenditures for Germany, taking into account the demographic
characteristics and spending trends of different cost-risk groups. We showed that the key
determinants of future spending growth are less general demographic trends including
mortality costs, but rather the development of costs and life expectancy in the small group of
high-cost cases. Although these developments result from emerging innovations and their
impact on life expectancy, they can be decisively influenced by the pricing policies of the
German SHI. For example, the current less restrictive requirements for orphan drug evaluation

and reimbursement might be reconsidered.

Similarly, the third contribution of this dissertation reveals the strong impact of the small
group of high-cost cases, also in terms of total HCE. In the German SHI, more than 60 percent

of total HCE is caused by the most expensive ten percent of the insureds. However, there are
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hardly any findings regarding the role of mortality costs in these high-risk groups. Thus, we
analyzed the spending distribution of HCE between different cost-risk groups and
distinguished between several categories of HCE and the survival status. We found that short-
term high HCE in the year of death occur equally in all risk groups and are probably hardly
avoidable. Costs in the year of death were significantly higher only in the high-risk groups, but
the difference between decedents and survivors was proportionally small. Thus, the extremely
high costs of high-risk cases already show up sometime before death. Moreover, the key
difference in spending between decedents in high-risk and other risk groups was attributable
to pharmaceutical spending. Since the high-risk group also had the highest mortality rate, we
could not finally answer the question to what extent potentially longer-term mortality costs
contribute to becoming a high-cost case. Nevertheless, the enormous share of this risk group

in total HCE becomes clear and independently offers the main target to influence rising HCE.

Taken together, the three contributions to this dissertation could provide important guidance
for policymakers to address the challenges facing the German SHI. In particular, all
contributions made clear that we cannot rely solely on the mitigating effect of optimistic
scenarios, like compression of morbidity and a mere shift in HCE with rising life expectancy. In
terms of projections for future HCE, the focus needs to be shifted away from the ongoing
debate about expansion, compression, and mortality costs, towards the small group of high-
cost cases that have a critical impact on healthcare spending. It is the high-cost therapies,
especially in the area of pharmaceuticals, and the simultaneous expected massive caseload of
age-related diseases that we must counter in the future. Better prevention regarding
widespread diseases is urgently needed, as is the evaluation of high-priced drug therapies in
terms of life expectancy increase and quality. Because only an efficient healthcare system can

withstand the current developments and future challenges.
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Appendices

Fig. 8 Search filter PubMed

(("forecasting"[MeSH Terms] OR "forecasting"[All Fields] OR "forecast"[All Fields]) OR ("projection"[MeSH Terms] OR "projection"[All Fields]
OR "projecting"[All Fields]))

AND

(("prevalence"[All Fields] OR "prevalence"[MeSH Terms]) OR ("incidence"[All Fields] OR "incidence"[MeSH Terms]) OR “burden of disease”
[All Fields]))

AND

(("chronic disease"[All Fields] OR "non communicable disease"[All Fields]) OR (("joint diseases"[MeSH Terms] OR "joint diseases"[All Fields]
OR "arthrosis"[All Fields]) OR ("osteoarthritis"[MeSH Terms] OR "osteoarthritis"[All Fields])) OR ("coronary heart disease"[All Fields] OR
"coronary artery disease"[All Fields]

OR "ischemic heart disease"[All Fields])

OR ("chronic obstructive pulmonary disease"[All Fields] OR "chronic obstructive lung disease"[All Fields])

OR (("dementia"[MeSH Terms] OR "dementia"[All Fields]) OR "Alzheimer's"[All Fields]) OR ("depressive disorder"[MeSH Terms]

OR ("depressive"[All Fields] AND "disorder"[All Fields]) OR "depressive disorder"[All Fields] OR "depression"[All Fields] OR
"depression"[MeSH Terms])

OR ("diabetes mellitus"[MeSH Terms] OR ("diabetes"[All Fields] AND "mellitus"[All Fields]) OR "diabetes mellitus"[All Fields] OR
"diabetes"[All Fields])

OR ("heart failure"[All Fields] OR "cardiac insufficiency"[All Fields] OR "congestive heart failure"[All Fields] OR "cardiac failure"[All Fields]
OR "heart insufficiency"[All Fields] OR "cardial insufficiency"[All Fields] OR "cardiac insufficiency"[All Fields])

OR ("pulmonary cancer"[All Fields] OR "bronchial cancer"[All Fields] OR "tracheal cancer"[All Fields] OR "lung cancer"[All Fields])

OR (("back pain"[MeSH Terms] OR "back pain"[All Fields] OR "backache"[All Fields]) OR "back pain"[All Fields])

OR ("cerebrovascular disorder"[All Fields] OR "cerebrovascular disease"[All Fields]))

AND
((("demography"[MeSH Terms] OR "demography"[All Fields]) OR "demographic change"[All Fields] OR "demographic transition"[All Fields]

OR ("population"[MeSH Terms] OR "population"[All Fields]))
OR ("illness death model"[All Fields] OR "markov model"[All Fields] OR "cohort model"[All Fields])))

Source: Own depiction.
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Fig. 9 Flow chart of the literature selection process
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