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Abstract

There is agreement among health economists that on the whole medical innovation causes health care expenditures (HCE)
to rise. This paper analyzes for which diagnoses HCE per patient have grown significantly faster than average HCE. We
distinguish decedents (patients in their last 4 years of life) from survivors and use a unique dataset comprising detailed HCE
of all members of a regional health insurance fund in Upper Austria for the period 2005-2018. Our results indicate that
among decedents in particular, the expenditures for treatment of neoplasms have exceeded the general trend in HCE. This
confirms that medical innovation for this group of diseases has been particularly strong over the last 15 years. For survivors,
we find a noticeable growth in cases and cost per case for pregnancies and childbirth, and also for treatment of mental and
behavioral disorders. We discuss whether these findings contradict the widespread interpretation of cost-increasing innova-

tions as “medical progress” and offer some policy recommendations.
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JEL Classification H51 - J11 - 119

Introduction

Health care expenditures (HCE) have been rising consider-
ably faster than GDP in most OECD countries over the past
40-50 years ([5], Table 1.2). In particular, in countries with
a large share of public expenditures such as the German
speaking ones (Austria, Germany, and Switzerland), the gap
between the average annual growth rate of per-capita HCE
and the respective growth rate of GDP was near the top of the
OECD countries with values between 1.7 and 2.7% over the
period 1970-2008. Accordingly, the share of HCE in GDP has
increased enormously in all these countries and now amounts
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to between 10.4 and 12.4%.! Extrapolating this trend into the
coming decades suggests that health care financing might
become a controversial political issue in the near future.
While it is still debated among health economists to what
extent population aging contributes to the growth in HCE
(for the opposite views, see, e.g., Zweifel et al. [23] and
Breyer et al. [2]), there is much more agreement on the fact
that medical innovation is a factor that causes HCE to rise.
However, as Chernew and Newhouse [5] argue in their com-
prehensive survey, technology (and thus the rate of innova-
tion as such) is hard to measure, so that there are essentially
two approaches to demonstrate the role of medical inno-
vation in explaining rising HCE: in the residual approach,
calendar time is used as a regressor in the expenditure equa-
tion, and the estimated coefficient for the trend variable is
interpreted as the contribution of medical technology to
the overall increase in HCE. In contrast, papers using the
affirmative approach look at how the treatment of specific
diseases such as heart attacks has evolved over time and how
this has affected the costs of treating the respective patients.

! OECD Health Statistics: http://stats.oecd.org/index.aspx?Data$S
etCode=SHA (10-10-2017)
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Neither of these approaches is fully satisfactory in meas-
uring the contribution of medical innovation to the growth
in HCE: in the residual approach, time is used merely as a
proxy, but this variable will pick up the effects on HCE of all
other variables which develop over time and are not explic-
itly included in the regression. Thus, it does not answer the
question to what extent medical innovation raises expendi-
tures and thus gives no hint at possible interventions which
could be suitable to slow down the expenditure trend. On the
other hand, when the focus is only on a few specific diseases,
it is not clear how the results emanating from this research
can be generalized to HCE in total.

The present paper adopts an intermediate approach. We
proceed from research by Lorenz, Thle, and Breyer [18],
who use a panel dataset from a large German sickness fund
and find that age-specific HCE have increased particu-
larly strongly in certain age groups, especially the 60 to 80
years old, when they are in their last 3—4 years of life. HCE
towards the end of life have been a topic of health economic
research ever, since Ginzberg’s [13] outcry about the high
cost of dying.

In fact, medical expenditures peak in the last years of
life: Although in most developed countries, little more than
1% of the population dies in any given year, this group typi-
cally accounts for about 10% of total HCE. If the analysis is
extended to all people in their last 4 years of life, the expend-
iture share increases to about 20% of the total (see, e.g., the
papers in French and Kelly [9] and French et al. [10]).

Focusing on the relatively small share of the population
(people near their death), which accounts for an over-propor-
tional share of HCE seems to be a promising approach for
opening the black box of “medical innovation” and attacking
the question for what types of patients treatment costs have
risen so much that this has contributed appreciably to the
overall HCE growth. Moreover and more importantly, for
patients who were about to die, it is easier to identify one
particular illness with which their HCE can be associated,
namely the ICD code specified as either the cause of death
or, alternatively, the primary disease treated during their last
hospital stay.> Thus, the research questions to be answered
in this paper are:

2 17 years earlier, Harmer [14] wrote a book entitled “The High Cost
of Dying”, but this had nothing to do with health care. Instead, the
author complained about the costs of funerals.

3 The cause of death specified on the death certificate is often not
reliable, in particular if persons die outside a hospital. In Section A.1,
we compare the frequencies of end-of-life diagnoses in health reg-
isters with the official death register’s causes of death for decedents
who we observe in both datasets.
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1. What were the most frequent causes of death and how
have HCE for the respective patient groups evolved over
time?

2. How has the number of patients who died from any of
these diseases evolved over time?

3. For those diseases with the highest expenditure growth,
are these high growth rates primarily caused by certain
age groups?

The similar procedure for patients who survived a given hos-
pital stay for more than 4 years is more difficult: for these
patients, the error committed by attributing total HCE in
the respective year to the (main) illness which was treated
during one particular hospital episode is probably larger.
However, given that the bulk of HCE is caused by this group
of patients, we perform the analysis for this group, too.

Our analysis is inherently descriptive. We do not attempt
to explain either individual or societal HCE, an endeavor
which would require searching for “causal” factors such as
income, education, social class, or even the determinants of
illness. Instead, the purpose of this study is to break down
the trend in total HCE over time to the development in
groups of patients suffering from different, but widespread
diseases.

We draw on a unique data set from a large regional
health insurance fund in Austria, more precisely the prov-
ince (“Bundesland”) of Upper Austria. The Upper Austrian
Regional Health Insurance Fund (OOEGKK), which cov-
ers about 75% of the regional population (roughly 1 million
insured persons in any given year), provides detailed data on
individual health care utilization in the inpatient and outpa-
tient sector for the years 2005-2018.

The remainder of this paper is organized as follows. In
“Literature”, we give a short survey of the existing literature
on the relationship between medical innovation and HCE.
In “Research design”, we describe the data and explain the
empirical strategy of estimating the determinants of HCE.
The regression results are presented in “Results”, and in
“Discussion, limitations, and conclusions”, we discuss the
results and conclude.

Literature

As mentioned above, Chernew and Newhouse [5] distin-
guished between the residual approach and the affirmative
approach to estimate the effect of medical innovation on the
overall increase in HCE. The former approach goes back to
the seminal paper by Newhouse [19], who tried to explain
the 780% growth of per-capita HCE in the U.S. over the
period 1940-1990, and found that only about one-quarter
could be explained by an increase in income and even
including other determinants such as population aging and
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the spread of health insurance could explain less than half of
the expenditure growth. Newhouse further noted that “try-
ing to attribute a residual to a specific factor is an inherently
frustrating exercise”, but nevertheless conjectured that “the
bulk of the residual increase was attributable to technologi-
cal change” (p.11).

Following this approach and applying it to the time period
1960-2007, Smith, Newhouse, and Freeland [20] attributed
27-48% of HCE growth in the U.S. to spending on new tech-
nologies. Similarly, Di Matteo [8] used regional panel data
for the U.S. and Canada for 1975-2000 and regressed real
per-capita HCE on income, age structure of the population,
and year fixed effects, and found that more than 60% of the
growth in HCE could be accounted for by the latter vari-
ables. For Germany, Breyer and Ulrich [3] regressed total
per-capita HCE of German sickness funds over the period
1970-1995 on GDP, share of population over 65 and time,
and found that the latter variable accounted for a 1 percent
annual growth rate in HCE, holding everything else con-
stant. Similarly, Breyer et al. [2] regressed real per-capita
HCE by age group in Germany over a 12-year period on age,
the mortality rate, the (predicted) 5-year survival rate, and
time, and found that year fixed effects could be translated
into a 2% annual growth rate of HCE. However, since GDP
was not in the equation, the mentioned effect also picked up
the impact of GDP growth.

The most frequently cited paper in the literature using the
affirmative approach, the discussion paper by Cutler and
McClellan [7], started from the observation that average Medi-
care reimbursement per heart attack patient in the U.S. rose in
real terms by 4% annually between 1984 and 1991 and was
thus in line with total per-capita HCE growth in that country,
which stood at 4.7%. The authors then showed that the “expan-
sion of intensive cardiac surgeries accounted for essentially all
of the growth in treatment costs. In contrast, the real price of
heart attack treatments has been nearly constant.” (p.29).

The study most similar to ours is Thorpe and Howard
[22]. The authors examined Medicare expenditures over the
period 1987-2002 and first observed that two-thirds of the
total change in Medicare spending was accounted for by
the treatment of 10 common conditions. For each of these
conditions, they broke up the total change in expenditures
to a change in prevalence and a change in the cost by case.*
Interestingly, for some conditions such as cancer, hyperlipi-
demia, and cerebrovascular disease, almost all the expendi-
ture growth could be attributed to an increase in prevalence,
whereas for others (most notably heart disease, trauma and
hypertension), the by far predominant factor was a change in
cost per case, which reflects technological change.

* They included a third category, change in enrollment, which is not
of interest for our study.

Our paper also relates to the seminal work by Chandra
and Skinner [4], who distinguish three types of medical
innovation with respect to their costs and their effective-
ness: from inexpensive and highly cost-effective all the way
to costly and wasteful. But instead of focusing on innova-
tions, which can be ambiguous in their effects depending
upon where they are applied, we look at illness types and
examine just the expenditure side, whereas the question of
cost effectiveness is beyond the scope of our analysis.

Research design

The Austrian Bismarck-type health care system guarantees
universal access to services for the whole population. With
very few exceptions,’ the mandatory health insurance cov-
ers all expenses for medical care in the outpatient sector,
inpatient hospital treatment, and medical drugs. Nine pro-
vincial health insurance funds (“Gebietskrankenkassen’)
cover insurance for all private-sector employees, retirees,
unemployed individuals, and their co-insured dependents.
Affiliation with the insurance institution is determined by
place of occupation (residence) and, therefore, cannot be
freely chosen.

Data

For our quantitative analysis, we use administrative register
data provided by the Upper Austrian Regional Health Insur-
ance Fund.® The data include detailed individual inpatient
sector information such as the number and length of hos-
pital stays, hospitalization expenditures,’ and the patient’s
admission diagnosis according to the ICD-10 (International
Statistical Classification of Diseases and Related Health
Problems) classification system. The data also include indi-
vidual expenses for medical attendance and medication in
the outpatient sector.

5 Patients pay a small daily allowance in hospital and a prescription
charge of 5.85€(in 2017) per medical drug.

% The province of Upper Austria has 1.474 million inhabitants rep-
resenting 16.7% of the Austrian population. Per capita health care
expenditures in 2017 (4012€) were 6.5% below the Austrian average
of 4291€ (Hofmarcher and Singhuber [16]). Life expectancy in good
and excellent health for women (men) was 6 months higher (lower)
than the country mean of 66.7 (65.9) years (Hofmarcher and Mol-
nérové [15]).

7 Hospital expenditures are derived from the Austrian diagnosis-
related group (DRG) system. For a few smaller hospitals, we cannot
directly observe individual inpatient expenditures. In these (rare)
cases, we impute the expenditure information by multiplying a daily
allowance fee set by the government to compensate hospitals outside
the DRG system with the number of days a patient spent in hospital.
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The empirical analysis covers the time period from 2005 to
2018. Furthermore, we distinguish survivors from decedents.
For survivors, who have at least 4 more years to live, we aggre-
gate the health care expenditures for each calendar year. For
decedents, we analyze the last 4 years of life. The final year
of life comprises the quarter of death and the three preceding
quarters, the second year before death comprises the quarters
4 to 7 before death, and so on. We observe information on the
state of insurance for the first day of each quarter and include
only observations where the individual is insured in all four
quarters, i.e., we exclude individuals with long insurance gaps.

Empirical strategy

As was mentioned above, we conduct our analysis separately
for decedents and survivors. There is no consensus in the liter-
ature as to how many years before death the end of life begins.
Several authors (e.g, [21]) count the last 2 years towards this
period of life, and Zweifel et al. [24] use 3.5 years. To be as
general as possible, we alternatively look at HCE in the last
12 months and in the last 48 months of life when we analyze
decedents. Our survivor category consists of individuals who
have lived at least 4 more years after the particular expendi-
tures incurred. Given that our expenditure data span the years
2005-2018 and the mortality data reach until December 31,
2019, we analyze the following subsamples:

e Decedents (last year): This group includes 116,112 indi-
viduals who we observe in the last 12 months of their
lives and who died in the period 2005 (last quarter) to
2018.

e Decedents (last 4 years): This group includes 86,870
individuals who we observe during the last 48 months of
their lives and who died in the period 2008 (last quarter)
to 2018.

e Survivors: This group includes 1.416 million individuals
who have lived at least 4 more years. As a consequence,
we observe their expenditure data between 2005 and
2015 (10.585 million person-years).

Each decedent is linked with a specific diagnosis if the per-
son was treated in a hospital within the period of observa-
tion and the diagnosis was the principal diagnosis of this
hospital stay. In case of several hospital episodes, we use the
last stay before death.® We group the diagnoses by 3-digit

8 Given the relatively short period of data availability and the above-
mentioned reliability problems, we do not use the cause of death
specified in the Austrian death records. However, for the 28,201
deaths between 2005 and 2010, we can match the end-of-life diag-
noses to the official causes of death. As can be seen from Table A.3
in the Web Appendix, the ICD-10 chapter matches the cause of death
category in 14,017 cases (49.7%).
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Table 1 Upper Austrian sickness fund: members and total HCE

Year €8 2) 3)
HCE in mio. € Members HCE/member

2005 1,608 1,137,003 1,414
2006 1,716 1,151,143 1,490
2007 1,881 1,163,921 1,616
2008 2,003 1,174,997 1,705
2009 2,068 1,174,869 1,760
2010 2,148 1,180,826 1,819
2011 2,185 1,187,822 1,840
2012 2,288 1,196,435 1,913
2013 2,383 1,208,174 1,972
2014 2,530 1,217,010 2,079
2015 2,633 1,227,854 2,144
2016 2,867 1,245,869 2,301
2017 2,939 1,255,261 2,342
2018 2,959 1,265,631 2,338

Growth rate 0.0460 0.0077 0.0383

This table shows members and expenditures in the Upper Austrian
Sickness Fund per year. The bottom line displays the corresponding
average annual growth rate

ICD-10 codes and use the cut-off criterion for inclusion
that the respective ICD code must be relevant for at least
900 cases. This criterion is met by 22 ICD-10 codes com-
prising in total 42,769 cases or 36.9% of the total decedent
(last year) sample. We also analyze diagnoses grouped into
important ICD-10 chapters. Here, we use a cut-off of 6000
cases, which is met by 5 ICD-10 chapters.

For the survivor analysis, 1.755 million person-years
(16.6%) contain a hospital episode and can therefore be
linked to an ICD-10 chapter. Of these, we include only
ICD-10 chapters with more than 50,000 cases each (which
corresponds to about 0.5% of all person-years). Altogether,
these 12 ICD-10 chapters are relevant for 1.56 million cases
or 88.8% of all person-years with a hospital stay.

A disease contributes more than proportionally to per-
capita HCE whenever

1. its prevalence increases, and/or
2. its cost per case increases faster than overall HCE.

As a prevalence measure, we use the number of cases
adjusted by the membership in the health insurance fund. As
can be seen from Table 1, membership in the Upper Austrian
Health Insurance Fund (OOEGKK) increased from 1.14 mil-
lion insured persons in 2005 to 1.27 million in 2018, which
corresponds to an annual growth rate of 0.77% per year. We
subtract this figure from the growth rate in absolute preva-
lence to determine the relative growth in prevalence. As a
benchmark for an over-proportional growth in costs per case,
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Table2 Distribution of 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
total HCE per year between
decedents and survivors Decedents (in %)
Last year of life 9.13 892 9.04 941 947 946 922 8.66 834 855
Second year before death  4.68 4.59 448 471 4.88 492 470 422 454 436
Third year before death 376 357 374 374 383 394 343 358 332 344
Fourth year before death 321 320 3.12 335 346 3.11 321 299 305 294
Survivors (in %) 79.22 79.72 79.63 78.80 7836 78.56 79.43 80.56 80.75 80.72

This table shows the distribution of total HCE between survivors and decedents (in percent)

we use the growth rate of expenditures per capita of the sick-
ness fund between 2005 and 2018. The annual growth rate of
total expenditures amounts to 4.6%, but since membership
grew by 0.77% annually, the per-capita HCE growth rate is
3.83%.

The development of costs per case for a particular dis-
ease is calculated as follows: for decedents, we allocate each
person to the quarter of his/her death, and for the so-defined
group of patients, we determine the average costs in the last
12 (48) months, which we attribute to the respective quarter,
which gives

e atime series of length 53 (last quarter of 2005 until last
quarter of 2018) for the variable average HCE in the last
year of life,

e atime series of length 41 (last quarter of 2008 until last
quarter of 2018) for the variable average HCE in the last
4 years of life.

Per-capita expenditures by disease group: To obtain the
growth rates per quarter for total HCE, we estimate the fol-
lowing equation:

ln(l_it) =a+ fqg+e, €h)

with &, representing total HCE expenditures in a certain
diagnosis-related group (DRG) for people who died in quar-
ter g. These expenditures refer to either the decedents’ last or
the last 4 years. Total HCE include expenditure for inpatient
treatment, medical attendance in the outpatient sector, medi-
cation, medical aids, and transport services. The right-hand-
side variable g represents a linear time trend. The coefficient
f in the semi-log specification gives the growth rate in HCE
per quarter. The annual growth rate is simply the quarterly
growth rate multiplied by 4.

For survivors with a particular disease (defined by the
last hospitalization in the respective year), we attribute total
annual HCE to this disease and calculate the average over

° The growth rates are calculated from regressions of the variables in
logs on a linear time trend.

all patients in this disease group for each year. The annual
growth rates for each DRG group can then be calculated
analogous to Eq. 1.

Results

Table 2 shows the distribution of total HCE between sur-
vivors and decedents over time in the estimation sample.
Approximately 80% of the aggregate expenditures can be
attributed to survivors, whereas 9% are spent for patients in
their last year of life. The proportion of total HCE caused by
patients in their second, third, and fourth year before death
is approximately 4.6%, 3.6%, and 3.2%, respectively. The
percentages are stable over time.

Disease-specific expenditures

The main results for the group of decedents are summarized
in Tables 3 and A.2. For decedents in their last year of life
[Table 3, column (5)], treatment per case of cancer was most
expensive (36,646€), followed by treatment of diseases of
the digestive (26,412€) and respiratory system (22,409€).
Expenditure growth was over-proportional for neoplasms,
diseases of the respiratory system, and injury and poisoning
in the sense that treatment of these diseases clearly exceeded
the 3.8% overall expenditure growth per sickness fund mem-
ber and year [see column (9)]. The growth in expenditures
for treatment of diseases of the circulatory and digestive sys-
tem remained significantly behind this overall growth rate.

In 9 of the 22 most frequent 3-digit ICD codes, expendi-
ture growth has been at least 2 percentage points higher than
the overall growth in expenditures per sickness fund mem-
ber. These 9 ICD codes contain 4 referring to malignant
neoplasms (bronchus and lung, pancreas, liver, and breast)
with altogether 6,881 patients (or 6% of all decedents),
and in all these cases, the “excessive” expenditure growth
derives primarily from a more-than-average growth of costs
per case. However, the number of cases is also increased by
approximately 2% or more per year.

The non-cancer ICD codes with an over-proportional
expenditure growth were chronic obstructive pulmonary

@ Springer
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Table 3 Decedents: average HCE growth rates—Ilast year of life

()] @) 3 C)) &) 0) @) ®) )
ICD code Disease group Cases GR cases  Expend. Expend. GR cases  GRexpend. GR
per case share (%) adjusted per case combined

2 Neoplasms 20,309 1.38 36,646 31.09 0.61 5.44 6.05

19 Injury, poisoning and other external 6,462 2.84 20,295 5.49 2.07 3.51 5.59
causes

10 Diseases of the respiratory system 13,314 2.09 22,409 12.38 1.32 3.57 4.89

11 Diseases of the digestive system 6,240 - 041 26,412 6.79 —-1.18 3.20 2.02

9 Diseases of the circulatory system 23,762 —-1.25 20,667 20.15 -2.02 3.55 1.54

N17 Acute renal failure 1,146 6.04 23,645 1.16 5.27 2.74 8.02

J69 Pneumonitis due to solids and 1,458 7.07 22,274 1.36 6.30 1.56 7.87
liquids

C50 Malignant neoplasm of breast 1,034 2.60 36,066 1.58 1.83 5.70 7.53

C22 Malignant neoplasm of liver and 945 2.75 28,040 1.11 1.98 5.45 7.44
intrahepatic bile ducts

C34 Malignant neoplasm of bronchus 3,435 1.98 34,825 5.02 1.21 6.13 7.35
and lung

C25 Malignant neoplasm of pancreas 1,467 247 34,668 2.14 1.70 5.46 7.16

163 Cerebral infarction 2,833 2.93 19,616 2.33 2.16 4.16 6.32

N39 Other disorders of urinary system 1,277 5.45 15,489 0.83 4.68 1.42 6.09

Ja4 Other chronic obstructive pulmo- 1,327 1.44 25,421 1.41 0.67 5.38 6.05
nary disease

S06 Intracranial injury 1,149 2.24 21,257 1.02 1.47 3.80 5.28

C18 Malignant neoplasm of colon 973 —0.02 37,739 1.53 -0.79 5.78 5.00

S72 Fracture of femur 1,831 2.88 20,615 1.58 2.11 2.52 4.63

J18 Pneumonia, organism unspecified 6,002 0.51 20,451 5.04 -0.26 3.53 3.27

161 Intracerebral haemorrhage 1,420 0.20 21,714 1.28 -0.57 3.16 2.59

C78 Secondary malignant neoplasm of 1,243 - 1.78 32,934 1.68 —2.55 4.56 2.01
respiratory and digestive organs

A41 Other sepsis 2,114 - 0.67 34,199 2.98 - 1.44 2.93 1.49

C79 Secondary malignant neoplasm of 1,037 —-2.26 38,407 1.61 -3.03 4.49 1.46
other and unspecified sites

125 Chronic ischaemic heart disease 1,060 - 1.89 24,632 1.09 - 2.66 3.86 1.20

150 Heart failure 6,198 -1.26 19,711 5.01 —2.03 2.79 0.76

J15 Bacterial pneumonia, not elsewhere 1,380 —-3.35 22,418 1.22 —-4.12 4.16 0.04
classified

121 Acute myocardial infarction 2,410 —-6.49 17,066 1.65 —-7.26 2.57 —4.69

126 Pulmonary embolism 1,057 —7.05 18,390 0.79 -7.82 2.24 —5.58

This table summarizes the development of cases and expenditures for disease groups in the last year of life. Column 1 shows the ICD-10 chapter
or 3-digit code, column 2 the name of the disease group, column 3 the absolute number of cases, column 4 the annual growth rate of cases, col-
umn 5 the average HCE in the last year of life, column 6 the share of total HCE that can be attributed to the disease group, column 7 the adjusted
growth rate of cases calculated as column 4 minus 0.77, column 8 the growth rate of expenditures per case (f in equation 1 multiplied by 4), and
column 9 the combined growth rate calculated as the sum of columns 7 and 8

disease, pneumonitis, disorders of the urinary system, and
acute renal failure but only in the first of these groups expen-
ditures per case grew slightly faster than overall HCE per
sickness fund member, whereas in the other three groups,
the expenditure growth was exclusively due to an exces-
sive growth of the frequency of cases. We find a substantial
expenditure growth for cerebral infarction also (163). How-
ever, the result is accompanied by a strong decline in the

@ Springer

number of cases of the neighboring code 164 (stroke, not
specified as haemorrhage or infarction) which is not shown
in Table 3 due to the lower number of cases (below 900).
Taken together, the findings likely reflect a change in cod-
ing practices in favor of the more specific 163 at the expense
of 164.

The pattern of growth rates in cases and expenditures
per case for decedents in their last 4 years of life is very



Looking into the black box of “Medical Innovation”: rising health expenditures by iliness type 1607

Table 4 Survivors: average HCE growth rates

M @) 3 (C)) ) Q) @) ® ()
ICD code Disease group Cases GR cases  Expend. Expend. GR cases  GRexpend. GR
per case share (%)  adjusted per case combined

15 Pregnancy, childbirth and the 86,457 5.92 4,266 2.37 5.15 4.49 9.64
puerperium

5 Mental and behavioral disorders 80,803 4.43 12,872 6.66 3.66 5.67 9.33

Neoplasms 92,982 2.37 10,193 6.00 1.60 5.75 7.36

13 Diseases of the musculoskeletal 221,915 2.02 7,450 10.44 1.25 4.84 6.09
system and connective tissue

18 Symptoms, signs and abnormal 95,585 1.45 4,367 2.63 0.68 5.12 5.80
clinical and laboratory findings

7 Diseases of the eye and adnexa 106,376 3.26 4,797 3.22 2.49 3.06 5.55

6 Diseases of the nervous system 83,807 2.05 6,987 3.69 1.28 3.97 5.24

19 Injury, poisoning and other exter- 209,079 0.31 6,206 8.11 —0.46 5.23 4.77
nal causes

10 Diseases of the respiratory system 104,208 -0.71 4,909 3.18 —1.48 547 3.99

9 Diseases of the circulatory system 173,701 0.52 9,558 10.38 -0.25 4.08 3.83

11 Diseases of the digestive system 178,120 0.04 5,333 5.93 -0.73 3.93 3.20

14 Diseases of the genitourinary 124,960 0.08 5,036 3.93 —-0.69 3.71 3.02
system

This table summarizes the development of cases and expenditures for disease groups of survivors. Column 1 shows the ICD-10 chapter, column
2 the name of the disease group, column 3 the absolute number of cases, column 4 the annual growth rate of cases, column 5 the average annual
HCE, column 6 the share of total HCE that can be attributed to the disease group, column 7 the adjusted growth rate of cases calculated as col-
umn 4 minus 0.77, column 8 the growth rate of expenditures per case (f in equation 1 multiplied by 4), and column 9 the combined growth rate

calculated as the sum of columns 7 and 8

similar, as can be seen in Table A.2 in the Web Appendix.
It is remarkable, however, that the expenditure growth rate
for pneumonitis runs up to almost 9%. This figure is mainly
driven by a more than 8% annual growth in the number of
cases.

Turning to the group of survivors, the results in Table 4
reveal that two ICD chapters stand out: conditions related
to pregnancy, childbirth, and the puerperium (chapter 15)
and treatment of mental and behavioral disorders (chapter 5)
showed strong increases in both the number of cases and
expenditures per case. The latter result is particularly strik-
ing, given that these patients belong to the most expensive
ones with average annual expenditures of 12,872€. Finally,
neoplasms (chapter 2) show above-average growth of expen-
ditures per patient, which confirms the result for decedents
that medical innovation for this group of diseases has been
particularly strong over the last 10 years.

The empirical results for a combined analysis of dece-
dents and survivors are basically identical to those for the
decedents. We find over-proportional expenditure growth
for neoplasms, injury and poisoning, and diseases of the res-
piratory system. The dynamic development of expenditures
for cancer treatment over time further supports the previous
findings for the survivors. The results are included in Table
A.3 in the Web Appendix.

The role of expected success

Apparently, expenditure growth for decedents was particu-
larly concentrated at some types of cancer including lung,
pancreas, breast, and liver cancer. One possible explana-
tion for the fact that these types of cancer have attracted
an increasing share of total resources may be that in these
diseases, therapeutic success has improved more than in
other diseases, in particular other types of cancer. For cancer
types, it is easier to answer this question than for other dis-
eases, because therapeutic success is usually measured using
5-year survival rates (5YSR), and these rates are regularly
collected for individual countries and the world as a whole.

CONCORD Working Group and others [6] present data
on survival rates for 17 different types of cancer in three time
periods (2000-04, 2005-09, and 2010-14) for Austria (and
many other countries).'” Together with the information on
the number of patients diagnosed with any of the neoplasm
categories in 2000-2014, we are able to compare the 5-year
survival rates (5YSRs) of cancer types with above-average

10 Of the cancer types included in Tables 3 and A.2, only ICD code

C78 (secondary malignant neoplasms of respiratory and digestive
organs) is not listed.
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Table 5 Expenditure growth rates (GR) and increase in 5-year survival rates in 11 types of cancer

Last year Last 4 years 5-year survival rates (percent)
GR GR percase GR GR percase  Patients  2000-04 2010-14  Change
expendi- expendi-
tures tures
All neoplasms 6.05 5.44 5.59 5.24
Group 1: strong expenditure growth
Lung 7.35 6.13 5.99 5.24 56,130 154 19.7 4.3
Pancreas 7.16 5.46 7.92 6.55 18,371 6.7 10.5 3.8
Breast 7.53 5.70 9.16 5.52 74,818 81.7 84.8 3.1
Liver and intrahepatic bile ducts ~ 7.44 5.45 8.84 5.29 10,570 11.2 14.8 3.6
Average (unweighted, weighted) 3.7 3.6
Group 2: other frequent neoplasms
Skin 19,150 83.4 87.8 4.4
Leukaemia 31,583 57.6 63.3 5.7
Ovaries 11,567 40.9 41.0 0.1
Stomach 19,308 30.0 354 5.4
Colon 46,127 60.7 63.7 3.0
Rectum 23,360 60.2 64.2 4.0
Prostate 75,082 90.1 90.2 0.1
Average (unweighted, weighted) 32 2.7

This table compares the growth rates in the 5-year survival rates for different cancer types as provided by CONCORD Working Group and oth-
ers [6]. We distinguish cancer types with strong expenditure growth (Group 1) from other frequent cancers (Group 2). The growth rates (GR) of

expenditures in columns 2-5 are replicated from Tables 3 and A.2

expenditure growth with other frequent cancer types with at
least 10,000 patients in this period (see Table 5).

The upper panel of the table depicts that in the group
of neoplasms with strong expenditure growth, SYSRs have
all increased about the same, namely between 3.1 and 4.3
percentage points in the 10-year period considered, with a
patient-weighted average of 3.6 percentage points. In con-
trast, the group with less rapid expenditure growth contains
cancer types with a strong increase in the SYSR (such as
leukaemia and stomach cancer) and also those without any
noticeable increase in the SYSR (ovaries and prostate can-
cer). On average, the 2.7 percentage point increase of the
patient-weighted SYSR in the latter group of cancers is a
quarter lower than that of the former group (3.6 percentage
points). We interpret this difference at least as weak evidence
that the expected success may have been one of the factors
explaining the rapid expenditure growth in some diseases.

Age profiles

Finally, we present age profiles for HCE categories with
more-than-proportional growth rates. This empirical anal-
ysis is based on kernel-weighted local linear regressions
for specific age groups and follows Lorenz et al. [18]. All
methodological details are included in Web Appendix A.3.

@ Springer

Decedents’ per capita expenditures and their growth rates are
depicted for neoplasms, diseases of the respiratory system,
and for injury and poisoning in Fig. 1. Per-capita expendi-
tures for treatment of cancer and diseases of the respiratory
system are highest for the relatively young age group 50-60
in both sexes, whereas the costs for treatment of injury and
poisoning peak at ages between 60 and 70 years.

Our previous results revealed a strong increase in expen-
ditures for cancer treatment over the last years. This increase
is not due to a particular age group. Rather, the expenditure
growth rates are very similar across ages, which means that
the comparatively higher expenditures in the younger age
cohorts also grow at the same rate over time. This pattern is
somewhat different for treatment of diseases of the respira-
tory system, in particular for men. The youngest age groups
exhibit both the highest per-capita figures and the highest
growth rates over time (f, in equation A.2 and shown in the
right panels). Expenditures for the treatment of injury, poi-
soning, and other external causes also reveal stronger growth
rates for decedents below 65 years than for older decedents.

With the exception of pregnancy and childbirth costs, we
identified the highest expenditure growth in survivors for
treatment of mental and behavioral disorders and of neo-
plasms. Figure 2 reveals that expenditures for mental and
behavioral disorders start increasing in very early ages and
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Fig. 1 Total HCE for ICD chapters: age profiles and growth rates for decedents. The figures show total HCE per year in € (left panels) and rela-
tive changes in total HCE per year in % (right panels) for different ICD chapters by age group for decedents in their last year before death

remain constantly high with levels of more than 10,000€ for
all age groups beyond 20. While expenditures increase for
all age groups, growth is particularly large for people below
60 with figures of 6-7% per year.

Expenditures for treatment of cancer start to increase at
the age 30 for women and 40 for men. The maximum arises
in age groups 6075, indicating that the peaks for survivors
occur in older ages than for decedents from cancer. Here, the
expenditure growth is particularly pronounced for women

between 40 and 50 and for men between 30 and 45 years of
age, where they amount to 10% per year and more.!!

1 The striking peak for women around age 15 is the result of a few
expensive cases in the most recent years and should therefore not be
taken at face value.
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Fig.2 Total HCE for ICD chapters: age profiles and growth rates for survivors. The figures show total HCE per year in € (left panels) and rela-
tive changes in total HCE per year in % (right panels) for different ICD-10 chapters by age group for survivors

Discussion, limitations, and conclusions

The present study has analyzed a unique set of high-qual-
ity individual data on health care utilization, diagnoses,
and time of death of a large number of members of a large
regional sickness fund in Austria. In terms of population
health and the development of health care expenditures,
Upper Austria is basically representative for the whole
country, and—to a certain degree—also in a broader Euro-
pean context. Web Appendix A.4 includes statistical mate-
rial to substantiate this point. Nevertheless, there are a few
limitations.

Limitations

In our analysis, we look at the (dynamics of) expenditures
of an average patient suffering from a certain illness. This
patient may look different early in the study’s time period
than at the end. As an example, if the death rate goes down
and the patients that would have died in previous years and
now survive are either high spenders or lower spenders, then
the mean spending for patients that have died will change.
We acknowledge that for certain illnesses, the treated cases
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have changed considerably and, therefore, the interpretation
towards “medical progress or innovation” must be made
with caution.

Another topic relates to our process of attributing all
health care expenditures to the most recent diagnosis. Obvi-
ously, not all expenditures of patients can be assigned to
this diagnosis. However, for a considerable share of patients,
several health problems can be linked to the same cause,
such as cancer spreading to different organs, or heart failure
that is preceded by a heart attack. To explore this issue, we
examined all hospital stays in decedents’ last year of life. On
average, 61.6% of decedents’ hospital days in the last year of
life have the same 3-digit ICD-10 diagnosis as our defined
end-of-life diagnosis. Furthermore, 70.1% of hospital days
are within the same ICD-10 chapter, indicating that health
conditions are connected. An exact assignment of differ-
ent hospitalizations to one cause would require additional
information, and most likely a case-by-case assessment by
medical professionals.

Although we use high-quality individual-level health reg-
ister data, the Upper Austrian Health Insurance Fund covers
private-sector employees, retirees from the private sector,
recipients of unemployment and social security benefits,
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and their dependents only. The insured persons represent
approximately 75% of the whole population, and we do not
have information on health care utilization of civil servants,
self-employed persons, and farmers.

Discussion

The main goal of our study was to find out in what dis-
ease groups the prevalence of cases and expenditures per
case increased in an above-average speed in the time period
2005-2018, and we distinguished between decedents (in
their last 4 years of life) and survivors.

The following are the most important findings:

e Among decedents, we observe a disproportionate
expenditure growth, which is predominantly driven by a
strong increase in costs per case in four types of malig-
nant neoplasms (lung, pancreas, breast, and liver cancer).
This is in contrast to the findings of Thorpe and How-
ard [22] for the time span 1987-2002 and for Medicare
patients, according to which the strongest increase in cost
per case occurred for patients with hypertension, trauma,
arthritis, and heart disease. A possible explanation for the
difference is that the study of Thorpe and Howard [22]
only encompassed elderly patients and an earlier time
period, whereas cancer affects also younger patients and
the speed of innovation in cancer therapy has increased
in recent years.

e Other diseases with above-average expenditure growth
for decedents were COPD, acute renal failure, pneumo-
nitis, and other disorders of the urinary system.

e Among survivors, pregnancies and mental and behavioral
disorders showed the most rapid expenditure increase,
which stems from a growth in the number of cases and
expenditures per case.

To interpret these findings, two important questions have to
be answered:

1. Is medical innovation really causal for these develop-
ments in health care expenditures?

2. Isitjustified to interpret the underlying medical innova-
tions as “medical progress”?

To answer the first question, it has to be shown that no
other driving forces have been responsible for the respec-
tive expenditure growth. Possible candidates are real income
growth, as health care is usually found to be a luxury good
(Getzen [12]) and “Baumol’s cost disease”, i.e., the fact that
health care provision is labor-intensive and productivity
growth low (Baumol [1]). However, both of these forces can
serve to explain only the average growth differential between
health care expenditures and GDP, while we look at disease

types for which expenditures have increased significantly
faster than general health expenditures. In particular, Bau-
mol’s cost disease applies only to particularly labor-intensive
parts of health care provision, which is true in our case only
for the treatment of mental and behavioral disorders, which
is one of two disease types with above-average expenditure
growth for “survivors”. In contrast, the treatment of cancer
relies much more heavily on new pharmaceuticals, and the
development of personalized medicine has increased the
effort exerted for individual patients [11].

Smith et al. [20] analyze the generosity of insurance
coverage and its interaction with income and medical tech-
nology as another potential driver of health care spending.
During our analysis period, there were no changes in the
proportion of the population insured, the depth of coverage
in insurance contracts or the structure of reimbursement of
the health insurance fund to service providers. The manda-
tory health insurer covers all health care expenditures, and
the minor deductibles per hospital stay and for medication
have remained constant over time, adjusted for inflation. For
this reason, we exclude a significant effect of insurance cov-
erage on expenditure growth for certain types of treatment.

With regard to the second question, it has to be noted that
essential contributions of the literature equate medical inno-
vation with “medical progress”. It can be questioned whether
this interpretation is valid especially for expenditures in the
last year(s) of life. Is not every medical expenditure in the
last year of life “wasted” in the sense that it has not suc-
ceeded in averting death? And if these expenditures have
grown, is it really justified to speak of “medical progress”?'?
While this objection must be taken seriously, the answer in
the case of cancer treatment is not so straightforward. Espe-
cially with terminal cancer, a realistic therapeutic goal is
not averting, but postponing death, often only by months.'?
Therefore, part of the expenditure growth even in the last
year of life may have been successful on this account. The
question also justifies our choice to look alternatively at the
last 4 years of life, for which this objection applies even less.
We also found that the cancer types for which expenditure
growth was particularly pronounced had somewhat higher
increase in 5-year survival rates than other cancers, which
is a further sign in favor of the interpretation as “progress”.

Policy implications

A further question relates to possible policy reactions to the
observed and analyzed expenditure trends. On one hand,

12 We are grateful to the referees for pointing out this problem to us.

13 Krzyszczyk et al. [17] report that in clinical trials, the application
of personalized medicine has increased progression-free survival of
cancer patients from 2.95 to 5.7 months.
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HCE growth that exceeds GDP growth may lead to problems
of financing these expenditures from taxes and social insur-
ance contributions. On the other hand, as Hall and Jones
(2007) have argued convincingly, higher public expenditures
for the treatment of specific diseases may be exactly what
citizens want, in particular if these diseases have very special
properties (e.g., can occur early in life and cause exceptional
anxieties) or have seen spectacular advances in treatment
strategies and success in recent times. In the latter case,
the appropriate policy reaction could be to accommodate
the observed development by speeding up the process of
approval of new procedures.

As long as the origin of a disease is predominantly life-
style-driven, however, the growth of the associated expen-
ditures can be slowed down only in the long run by tar-
geted prevention programs. The same applies to mental and
behavioral disorders, which were also found to have caused
significant growth in HCE. Yet other groups of diseases such
as diseases of the eye and adnexa, of the musculoskeletal and
of the genitourinary system might be unavoidable concomi-
tants of aging societies, and the most adequate policy would
consist in preparing the public for the necessary increase in
tax revenues in the decades to come.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10198-022-01447-9.
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