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Abstract

Background: In view of steadily rising healthcare expenditures (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 focusses 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.

Methods: Our analyses rely on data from a large sickness fund that covers 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.

Results: Our results offer that the often stated dominating effect of mortality costs of HCE is only evident in lower
cost-risk groups and almost exclusively attributable to inpatient care. Furthermore, HCE in the calendar year of
death is the same for most cost-risk groups, with the exception of risk groups at both ends of the distribution.
However, in the case of the highest cost-risk group, the difference between survivors and decedents is
proportionally small. The differences in cost structure between decedents in high-risk and other risk groups are
primarily attributable to pharmaceutical spending.

Conclusion: Short-term high HCE in the year of death occur equally in all cost-risk groups and are hardly avoidable.
By contrast, in the extremely high cost-risk groups, the cost difference between the year before death and the year
of death is much smaller. Overall, this group remains the main target to influence the rise in HCE and its
characteristics should be considered with respect to future HCE projections

Keywords: social health insurance; health expenditure distribution; cost risk groups; cost of dying; risk-group specific
mortality
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1. Introduction

Steadily increasing (real) healthcare expenditures (HCE) have been a phenomenon observed
for decades in many OECD countries [1]. Possible causes for the increase in HCE are medical
innovations, growth of real income, regulations such as pricing policies for medical products,
and the ageing of the population [2]. 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 healthcare systems in OECD countries such as
Germany [1,3]. However, about two decades ago, Zweifel et al. (1999) identified the
demographic effect of higher HCE in older age groups as a possible "red herring" and pinpointed
mortality costs as the decisive determinant of high HCE [4]. Accordingly, a longer life
expectancy, one of the two drivers of ageing societies next to low fertility, would merely shift

high spending in the last year(s) of life to a later age [4-8].

In addition to the growth of HCE, an increasing concentration of HCE has been observed in a
small risk group of high-cost patients in many developed countries, such as Germany [9-12].
The German health care system can be divided into two parts. The first, smaller part comprises
about 10 percent of the population with full private health insurance coverage, which is
partially subsidized by the state for civil servants (cited here by Biihrer et. al. 2018 [13]). The
second, larger part comprises 90 percent of residents in Germany who are covered by statutory
health insurance (SHI). Within this, there are currently 96 health insurance funds, among which
the insured are largely free to choose [14, 15]. In order to balance the financial consequences
of unequal distribution of spending risks, such as age, sex, place of residence and disease
burden (morbidity) between the health insurance funds, there is a risk structure compensation
scheme [15]. In this, the expenditures of the SHI are structured according to certain variables

such as cost categories, age, and gender.

Analyses of SHI costs show that the most expensive ten percent of insureds account for 60
percent of total HCE [11]. But 20 percent of public total HCE are responsible solely to the group

of the most expensive one percent, again with an increasing trend [11,12].

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 [16]. However, if

proximity to death is a key factor in high spending, it should also 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 the characteristics and spending
profiles of high-cost cases in Germany in detail [9,11,12]. They are also repeatedly discussed
regarding possible risk selection in the German SHI and legal structures to avoid it [17-19].
However, to date, we are not aware of any study that has examined the costs of dying in

different cost-risk groups for Germany.

Our article aims to fill this research gap. Based on data from 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 cost-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 the distribution and structure of HCE in the different cost-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 from a large statutory sickness fund, the Baden-
Wiirttemberg AOK, that spans the periods from January 2010 to December 2019. The data set
includes socio-economic characteristics such as age, sex, duration of insurance, 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)
[20], representing around 95 percent of total SHI-covered HCE. The expenditures are already
cumulated by the respective seven main categories: expenses for outpatient care, dental care,
inpatient care, sick pay, pharmaceuticals, dialysis, and other expenses. "Other expenses"
include, for example, expenses for remedies, aids, patient transport, or rehabilitation. For
details on eligible services and allocations to the main service areas, see the Federal Office of

Social Security databases [21].

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. After applying the inclusion criteria mentioned above, approximately
three million insured individuals remain as the study population. 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
healthcare spending in the service areas listed above. To eliminate the classification bias of
the risk group due to incomplete insurance years and costs after birth, we excluded the cohort

of zero-year-olds for each calendar year.

The cost-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. To account for the
extreme concentration of costs among a few high-risk insureds, for some analyses, the top ten
percent are again subdivided into cost-risk group 1a as the most expensive one percent, cost-
risk group 1b as the second most expensive four percent, and cost-risk group 1c as the third

most expensive five percent.



Table 1: Cost-risk group classification of the study population 2018.

Cost-risk Number of Populat- Sh:rci(’f Average Share of Share of men
group insured ion share Age women
2018
la 28,478 1% 20,4% 63,0 46,2% 53,8%
1 1b 113,909 4% 26,3% 64,9 54,4% 45,6%
1c 142,386 5% 15,5% 64,5 58,8% 41,2%
2 284,773 10% 15,3% 60,5 58,9% 41,1%
3 284,769 10% 8,0% 57,7 57,8% 42,2%
4 284,776 10% 5,0% 53,4 58,5% 41,5%
5 284,769 10% 3,4% 49,6 58,3% 41,7%
6 284,776 10% 2,4% 46,1 57,7% 42,3%
7 284,768 10% 1,7% 40,3 55,4% 44,6%
8 284,775 10% 1,2% 34,8 52,5% 47,5%
9 284,768 10% 0,7% 33,2 46,6% 53,4%
10 284,779 10% 0,2% 41,5 35,9% 64,1%
Total survivors 2,847,726 100% 100 %
Survivors 2.847.726 98% 92% 48.0 53.8% 46.2%
Deceased 49,012 2% 8% 80,5 54,5% 45,5%
Total population | 2,896,738 100% 100% 48,5 53,8% 46,2%

Source: Own depiction.

For a further detailed analysis of the cost distribution in our study population, we use the
following procedure: First, we divide the study population into survivors and deceased. All
survivors are then assigned to cost-risk groups based on their annual HCE. The distribution of
HCE, comparable with the results of other studies on HCE distribution for Germany [11, 12], as
well as the age- and sex-specific characteristics of the cost-risk groups are shown in Table 1 for

2018. Additionally, the table also includes a comparison of survivors and decedents.

In a second step, the cost-risk groups can be analyzed in detail with respect to the distribution
of HCE. For this purpose, we use the size of daily per capita expenditures, since in a calendar-
year-based view the time span of the deceased is less than 360 days. For survivors, we further
distinguish between those who survive the next calendar year and those who die in the next

calendar year, broken down by cost-risk groups.

In a third step, we examine the composition of HCEs by different cost categories. To make the
results comparable with other studies on German SHI expenditures, the daily HCE per category
of the study population are calibrated to the category expenditures in the entire German SHI
according to the official annual statistics [22]. Therefore, we use the last comparable calendar

year (2018) for the expenditure analyses.



Finally, we show the demographic characteristics of the different cost-risk groups affiliation

probabilities and mortality rates by sex and individual age.

3. Results

We begin our analysis of the distribution of HCE with Table 2, which shows the average per-
capita daily HCE in 2018 of survivors and decedents, initially without any risk group

classification. We compare the daily spending of three groups:

Survivors, who survive at least the next full calendar year 2019, survivors who die in the
following calendar year 2019 (decedents — calendar year before death) and persons who died

in 2018 (decedents — calendar year of death).

This comparison clearly shows the effect of mortality costs. With an average per-capita daily
HCE of only 8 €, the survivors have considerably lower expenses than the deceased in the year
before and in the year of their death. In addition, the sharp increase in HCE with rising proximity
to death becomes apparent, as the HCE of the deceased in the calendar year of death, at 83 €,
is more than twice as high as the HCE of the deceased in the calendar year before death, at 36

€.

Table 2: Average daily HCE of survivors and decedents 2018

Group Average daily HCE 2018
Survivors 8¢€
Decedents — calendar year before death. 36 €
Decedents — calendar year of death 83 €

Source: own depiction.

In a next step, we want to take a closer look at daily per capita HCE within the different cost-
risk groups, also differentiated according to the three groups presented in Table 2. The risk
group classification of the first two groups (survivors and decedents — calendar year before
death) is based on HCE in 2018. In contrast to this, a cost-risk classification of the persons who
died in 2018 (decedents — calendar year of death) makes only sense on the basis of the year

2017, as a complete calendar year is always required for risk group classification.

Figure 1 shows that those who die in the current calendar year 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. However, remarkably, the daily spending in the calendar year of death is nearly the



same across all risk groups, with around 60 € per capita and day. Only the most and least
expensive ten percent differ considerably. Daily per-capita spending of the most expensive
one percent (cost-risk group 1a) reaches nearly 200 €. In contrast, the cheapest ten percent

generate only 39 € in daily expenses in their calendar year of death.

Decedents - calendar year before death

Figure 1: Daily per-capita HCE 2018. Source: Own depiction. RG = Risk group

Comparing now all three groups, we can see that the difference between the survivors, those
who die in the next calendar year, and those who die in the current year 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 those who die in the following and those who survive the following calendar year, we
observe almost no difference between annual per-capita HCE, which applies to all cost-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.

In a next step, we further break down our cost analysis into different cost categories. Table 3
shows the proportional distribution of total HCE between survivors and decedents in 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 cost-risk group 1.

Therefore, the mortality costs of the vast majority of insureds play hardly any role in total HCE.



Table 3: HCE distribution between survivors and decedents 2018.

a. Survivors 2018

Distribution among service areas

Risk group Share of total

affiliation 2018  expenditure 2018 Outpatient Dental care Inpatient care Pharmaceuticals  Sick pay Dialysis Others

1 57% 7% 1% 43% 23% 9% 2% 15%
1a 19% 4% 0% 44% 30% 5% 4% 12%
1b 24% 7% 1% 44% 21% 12% 0% 14%
1c 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% 4%

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 service areas
affiliation 2017  expenditure 2018 Out:)atelent Dental care Inpatient care Pharmaceuticals Sick pay Dialysis Others

1 5% 4% 0% 59% 17% 1% 2% 16%
1a 2% 4% 0% 51% 23% 2% 4% 15%
1b 2% 5% 0% 62% 16% 1% 0% 16%
1c 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.

Considering the distribution of deceased among categories by cost-risk group, it becomes 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 cost-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 (cost-risk group 1a) together with
costs for dialysis, which occur only among the most expensive 1 percent regardless of survival
status. In the lower risk groups of survivors, spending on outpatient care accounts for the

majority of HCE, as well as on dental care and, to a lesser extent, pharmaceuticals.

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. However, as age can be a factor in itself

that determines the cost risk and the level of related mortality costs, it might be interesting if



the different risk groups vary in demographic characteristics. Figure 2 shows the cost-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. Due to the relatively small cohort

sizes for very old cohorts, we calculated rates in groups of five for those over 95 years of age.
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Figure 2: Average affiliation probabilities and mortality rates in the different cost-risk groups by age.
Source: Own depiction.



The primary y-axis shows the affiliation probabilities, and the secondary y-axis shows the
mortality rates. Age is plotted on the x-axis, and we make an additional distinction between

the sexes.

The upper left part of Figure 2 shows that the probability of belonging to risk group 1 increases
significantly with age, reaching a maximum of 14 percent at about age 87 for both men and
women. The trend of an increasing affiliation probability with age can also be observed in risk
groups 2 to 3. From risk group 4, the affiliation probability curves flatten, while in risk groups 5

to 10, the younger cohorts have the highest affiliation probability.

In summary, there is a strong correlation between affiliation probability and high age in the
high cost-risk groups 1-3. The reverse effect can be observed in the low cost-risk groups 7-10.
The slight outliers in every cost-risk group can be explained by age- and gender-specific factors,
for example, by maternity or expenditure on contraceptives. Also noticeable is that middle-

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

The mortality rates of low-cost risk groups 5 to 10 are relatively low. Increased mortality does
not occur until risk group 3. Thus, 85-year-olds in risk group 1 are more than three times as
likely to die as 85-year-olds in risk group 10. In risk group 1, mortality in the younger age groups
is also significantly higher than in the other risk groups. Therefore, a higher cost risk is also
associated with significantly higher mortality. This is also the reason that can explain the slightly
contradictory results of Table 2 (a high difference between the daily costs of survivors versus
those who die in the next year) and Figure 1 (the differences almost disappear between the
groups): A high risk group is associated with a higher average age and a higher probability of
dying (in the next year). Conversely, the group of those who die in the next year consists to a

disproportionate extent of higher risk groups (if the risk group is not controlled).

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.
Although the results for the lower cost-risk groups (RG 2-10) are as expected, our results reveal

three main (partly unexpected) characteristics of the high cost-risk groups (RG 1a, 1b, and 1c):
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Firstly, high cost-risk is strongly correlated with age, as we have seen when looking at the
affiliation probabilities. Secondly, as expected, the high cost-risk groups also have higher
mortality rates by age group compared to the other risk groups. Third, and surprisingly, there

is very little difference in spending between decedents and survivors in high-risk groups.

For the other risk groups, mortality costs occur only in the calendar year of death, and their
amount is independent of the cost-risk group to which the patient belongs. In addition, the
results confirm the expectation that mortality costs are primarily caused by hospitalizations.
Pharmaceutical spending, with an increasing concentration in a few high-cost cases, and
expenditures for dialysis are primarily responsible for the crucial difference in cost structure

between the decedents in high cost-risk and other risk groups.

The results can be placed in the previous literature, where high cost-risk insureds are defined
as the most expensive one and five percent. With 51.2 % hospital and 23.3% drug expenditures,
Lange et al. (2020) can also identify these two categories as the main cost pools of high-risk
patients [23]. Also in line with other national and international studies is the expected strong
correlation between the probability of belonging to the most expensive cases and age, as well
as a substantially increased mortality rate compared to the overall population [12, 23, 24]. The
higher proportion of women in groups with higher cost risk (RG 1 and 2) is also consistent with
the findings of other studies [12, 23, 25]. For a comprehensive review of the literature on other
socio-demographic characteristics or frequently diagnosed diseases of high-risk insureds, see

Wammes et al. (2018) [26].

Concerning the comparison between survivors and decedents, the work of Stahmeyer et al.
(2012) presents a detailed analysis of the spending characteristics of decedents and survivors
for Germany based on a similar data set from 2017 [27]. They also find a massive increase in
pre-death inpatient care spending and a nine percent share of total HCE attributable to
decedents. 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
healthcare spending in the last year of life is attributable to the previous quarter before death.
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. In their analysis, the difference in spending

11



between survivors and decedents decreases by half when looking back more than a year before
death, suggesting pure mortality costs and a less age effect [9]. A recent comparison of
survivors and decedents (in their last 4 years of life) with respect to spending growth rates
according to different indications by Breyer et al. (2021) [28] further shows that spending
growth is highly diagnosis dependent. While among the deceased, disproportionate spending
growth can be observed for cancer treatment (especially malignant neoplasms), for the
survivors, pregnancies and mental and behavioural disorders show stronger spending growth

rates [28].

Bynum et al. (2017) find in their analysis for the U.S. 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 [29]. Aldridge and Kelley (2015)
also take a closer look at the deceased within the high-cost cases for the United States.
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 [30]. 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 [24]. Davis et al. (2016) try to find cost
drivers at the end of life of older Medicare beneficiaries [31]. Their findings suggest that HCE at
the end of life is often an indicator of the general spending profile, beginning long before death,

which is in line with our results for the group of the most expensive one percent.

In summary, the literature on the cost of dying indicates that high costs occur at the end of life,
sometimes several years before death [32]. Our results support these findings, in that high cost-
risk patients are much more likely to die, resulting in higher end-of-life costs when averaged
across all risk groups. However, our contribution to the literature on the cost of dying is that
the effect of higher end-of-life costs disappears when high cost-risk groups are considered
alone. Since a very high proportion of total expenditures is accounted for by the group of high
cost-risk patients, the following two factors are likely to be important for the future
development of HCE: First, the development of the number of high cost-risk patients and,

second, the increase in their life expectancy.

Of course, 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 sickness fund during this period. Furthermore,

12



the expenditures considered are also subject to some limitations. The classification of risk
groups only allowed for 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 to take an exact view of

the year before death or the calendar year of death [9].

Finally, we can derive different policy recommendations from the relationship between
individual cost risk and mortality costs. The first part relates to possibly avoidable expenditures
or efficiency reserves in the area of mortality costs. Besides sudden or accidental deaths
without any mortality costs being incurred at all, we see many cases of short-term illnesses
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 are also
barely preventable. Taking into account also their small share in total HCE and the small

timeframe until death, we do not see any potential to significantly influence HCE.

This is quite different in cases where a severe chronic illness turns the insureds into high-cost
cases already sometime before death. 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,
better outpatient care and effective case management for these groups of patients could
prevent complications and hospitalizations [23]. Additionally, policymakers should also focus
on the high pharmaceutical expenditures that distinguish dying high-risk cases from those in
other risk groups. In line with Wende and Schmitt (2012) as well as Hofbauer-Milan et al.
(2022), we see a significant increase in drug spending concentration [11, 33], which could be

counteracted by pricing policies for new therapies, especially regarding orphan drugs.

The second part of policy implications concerns the optimal design of risk adjustment schemes
between sickness funds. In this, both the strong spending concentration on high-risk patients
and the risk of mortality costs for other insureds must be considered. Obviously, this was not
sufficiently ensured for Germany for both cases until 2020. A high-risk pool was therefore
introduced by a new law at the beginning of 2021, which covers 80 percent of the expenditures
for high-cost insureds with annual expenditures of more than 100,000 euros [34, 35]. In
addition, the cost of dying is implicitly taken into account through a regional compensation

scheme, which is also introduced in 2021 [36]. Before the reform, on average, only about 35
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percent of decedents' expenses are covered by risk adjustment [37], depending on the age
cohort ranging from 7.3 percent for under-5-year-olds to 57.8 percent for 94-year-olds [38].
Thus, in light of our findings, the new law indeed contains important advances, but its accuracy

cannot yet be precisely determined and should therefore be closely monitored.

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 appear already some time before and increase only
slightly toward death compared to the other risk groups. Since the high-cost-risk groups also
have the highest mortality rates, the causality question remains open: Are high cost-risk
patients expensive because they are about to die in the following years, 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 the mortality costs of both high-cost cases and the rest of the population.
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