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1 | INTRODUCTION

In many important markets, prices are set not by the interaction of demand and supply but by public or semi-public
agencies. Regulated prices are especially common in markets for medical care, for example, for the reimbursement of
hospital services in Germany and for Medicare patients in the United States. This makes it an interesting and policy rel-
evant question to examine how providers of medical care respond to changes in regulated prices. In this study, we exam-
ine the effect of changes in reimbursement prices on the volume of hospital care in Germany.

The direction of this effect is not a priori clear, neither based on economic theory nor based on previous empirical
evidence. In a seminal study, McGuire and Pauly (1991) develop a theoretical framework for how medical providers
respond to changes in regulated prices. They show that the effect of changes in regulated prices on volume of care is
a combination of two effects: (a) the response to a change in relative prices between different types of services or groups
of patients and (b) the response to a change in the overall price level. The second effect is typically referred to as
“income effect” in the literature (McGuire, 2000). Although an increase in relative prices for a type of service is pre-
dicted to lead to an increase in the supply of this service, alternative economic models make different predictions about
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the sign of the income effect. According to the standard economic theory, higher prices lead to more supply of services.
In contrast, models of supplier-induced demand (Evans, 1974; Gruber & Owings, 1996) or of providers aiming at target
incomes (Rizzo & Zeckhauser, 2003) predict that higher prices can lead to the supply of fewer services and lower prices
can lead to the supply of more services. The underlying intuition is that providers compensate for the effect of lower
prices on income by providing more services, and they exert less effort to achieve a high volume of services if prices
are increasing. In line with this reasoning, the Federal budgeting process in the United States assumes that a 1%
decrease in Medicare reimbursement prices increases treatment volumes by around 0.3-0.5% (Congressional Budget
Office, 2007).

The empirical evidence on the effect of lower reimbursement prices on volume of care is mixed. Among the recent
studies, some find that lower prices decrease volumes of care (Clemens & Gottlieb, 2014; He & Mellor, 2012;
Januleviciute, Askildsen, Kaarboe, Siciliani, & Sutton, 2016), whereas other studies find that lower prices increase vol-
umes of care (Heaton & Helland, 2009; Shigeoka & Fushimi, 2014). Most previous studies examine price changes that
affect only a subset of patients or medical treatments, such as Medicare beneficiaries (Clemens & Gottlieb, 2014; He &
Mellor, 2012; Rice, 1983; Yip, 1998), automobile accident victims (Heaton & Helland, 2009), at-risk newborns (Shigeoka
& Fushimi, 2014), or patients with specific diagnoses (Januleviciute et al., 2016), while leaving prices for other patients
and treatments unaffected. In these settings, the effect of price changes is then a combination of the effect of a change in
relative prices and an income effect, and it is very difficult to ascertain which part of the overall effect can be attributed
to either of them.

In our study, we exploit a setting that makes it possible to estimate the income effect directly. Specifically, we look at
changes in hospital-specific base rates (Basisfallwerte) in Germany between the years 2004 and 2009. Changes in base
rates shift the overall level of reimbursement prices in hospitals without directly affecting the relative prices for different
groups of patients or types of services. In the year 2004, base rates varied widely between hospitals based on historical
costs. Between 2004 and 2009, base rates gradually converged toward the average base rate at the state level. Thus, base
rates increased for some hospitals and decreased for others.

In our empirical analysis, we exploit this variation in reimbursement prices. We estimate the effect of changes in base
rates between 2004 and 2009 on corresponding changes in volumes of care. We use a differences-in-differences estima-
tion approach with the change in prices as continuous treatment variable.

On the basis of the administrative data for a 70% random sample of all German hospitals, we find, for alternative
model specifications, an elasticity of prices on the number of hospital admissions of between —0.14 and —0.2 over a
5-year period. Thus, hospitals respond to increasing prices by decreasing service supply and to decreasing prices by
increasing service supply. We interpret our findings as evidence for a negative income effect. Moreover, although we
find that hospital volume increases more for hospitals with declining base rates than for hospitals with increasing base
rates, this effect is nonlinear. For example, the increase in the number of admissions between the years 2004 and 2009 is
smaller for hospitals with strongly increasing prices than for hospitals with weakly increasing prices.

2 | INSTITUTIONAL SETTING

Hospital financing in Germany comes from several sources. By far, the most important sources are public and private
health insurers, which cover around 88.5% of all hospital expenditures (Simon, 2010)." Funding from these sources is
largely used to cover hospitals’ operating costs, including payments for physicians' services. The remaining hospital rev-
enues are derived mainly from state governments, which are responsible for long-term infrastructure investments.
Patient co-payments in Germany are small relative to hospital costs. Patients have to pay a fixed charge of €10 per night
of their hospital stay as a contribution toward room and board, and there are surcharges for additional services such as a
single room or treatment by the hospital director (for details of hospital financing in Germany, see Quentin, Geissler,
Schneller-Kreinsen, & Busse, 2010 and Simon, 2010).

Before 2004, hospital payment for operating costs was based on a mixed payment system (see description by Busse &
Riesberg, 2004). Seventy-five percent of cases were reimbursed by per diem charges. Hospitals with higher expenditures
in relation to the number of hospital beds received higher per diem charges.” The remaining 25% were already reimbursed

The remaining 11.5% is covered by private households (2.3%), employers (3.4%), public accident insurance (1.2%), and the federal states (4.6%). All
numbers refer to 2007 and are provided by Simon (2010).

Differences in per diem charges across hospitals to some extent also reflected historical differences in their reimbursement negotiations (Friedrich,
Leclerque, & Paschen, 2008).
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according to patients' diagnosis-related groups (DRGs).* In 2004, payment based on DRGs was expanded to almost all diag-
noses. The aim of this reform was to make hospital payment more transparent and to promote efficiency and competition.
The German DRG payment system is similar to hospital payment systems in other countries that have introduced DRG-
type systems, starting from the early 1980s. A particular aspect of the German reform that sets it apart from DRG payment
introduction in other countries is that payment changes were introduced gradually. During a first “budget-neutral phase”
in 2004, hospitals were reimbursed according to DRGs, but prices were adjusted with hospital-specific base rates in such a
way that hospitals could still achieve their historical budgets. During the “convergence phase,” which lasted from 2005 to
2009, hospital-specific prices gradually converged toward average prices at the state level.
Under the German DRG system, a payment for a hospital admission is based on the following formula:*

payment; ; , = drg; *base rate;;. (€))

it
Payment is the product of two factors: drg;, is the cost weight factor for DRG j in year f, and base rate;, refers to a
hospital-specific base rate for hospital i in year t. All discharged hospital patients are assigned to a DRG. This assign-
ment is based mainly on diagnoses, but in some instances, it is also based on procedures and patient characteristics such
as age, sex, and birthweight (for newborns). DRG cost weight factors are the same for all hospitals. They are set at the
national level jointly by representatives of health insurers and hospitals, and they are adjusted annually based on
detailed patient-level cost data from a sample of hospitals. The cost weight factors are normalized such that the average
cost weight factor is set to one. Cost weight factors are much higher than one for cost-intensive DRGs such as a liver
transplant, and they are lower than one for less cost-intensive DRGs such as an ordinary hand fracture. The average cost

weight factor for hospital i in year ¢ is referred to as case-mix index: cmi;; = N—Z (N i j,,*drgj’,), where N;, is the total

it j
number of patients admitted to hospital i in year t and N, is the number of patients with DRG j admitted to hospital i
in year .

Hospital-specific base rates reflect historical budgets before the introduction of DRG payment. During the budget-
neutral phase of the reform, hospital-specific base rates were computed by dividing the pre-reform budgets by the
sum of cost weight factors. The sum of the cost weight factors was computed based on the treatments that hospitals pro-
vided before the reform. Using hospital-specific base rates ensured that hospitals could still achieve their historical bud-
gets under DRG payments in the early stage of the reform as long as they continued to provide the same volume and
type of services.

During the 2005-2009 convergence phase, hospital-specific base rates gradually converged toward state averages.
Base rates gradually decreased for hospitals with above-average base rates, and they increased for hospitals with
below-average base rates. A schematic illustration of the convergence process is provided in Figure 1. From 2009, hos-
pitals in the same state received the same base rate.

The initial variation in base rates was substantial (see Figure S1).” In 2004, the difference between the 10th and 90th
percentiles of base rates was around 36%. The convergence of base rates implied substantial increases in across-the-
board reimbursement prices for some hospitals and substantial reductions for others. Base rates at the 10th percentile
are increased by 15.4% in real terms between 2004 and 2009, whereas those at the 90th percentile are decreased by
11.8%.%7

Existing theoretical models show that, under some conditions, medical providers respond to decreasing prices by pro-
viding more services. McGuire and Pauly (1991) show that the income effect is negative if the coefficient of relative risk
aversion, a measure of curvature of the income utility schedule, is above a given threshold. In this case, medical pro-
viders are very risk averse with respect to declining revenues, and subsequently, decision makers in hospitals reduce
their efforts to generate revenues in response to higher prices, and they increase their efforts in response to lower prices.
Hospitals with declining base rate factors faced substantial financial pressure. They had little room to expand the ser-
vices that were not affected by changes in base rates. Specifically, price changes for hospital care apply to both publicly

3This 25% also included some fee for service payments. However, they were restricted to a number of complex surgical procedures.

“This formula abstracts from adjustment factors for teaching hospitals and so forth. During our study period, DRG payment covered most but not all
treatments with psychiatric treatments as the main exception.

SFigure S1 in the online appendix shows the empirical version of Figure 1.
®Remaining differences in base rates in the year 2009 reflect differences in base rates between states.

7Annual reductions in total hospital budgets were limited, for example, in 2008 to no more than 2.5%.
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FIGURE 1 Convergence of base rates
(schematic illustration). Note: This figure
T15% shows a schematic illustration for the

reduction of initial differences in base

rates during the convergence period
2004 2005 2006 2007 2008 2009 [Colour figure can be viewed at

Years wileyonlinelibrary.com]

and privately insured patients.® Moreover, hospitals and physicians who work at hospitals are largely banned from pro-
viding outpatient services.’ They cannot easily respond to reduced prices for inpatient care by providing more outpatient
services.'® At the same time, a high share of costs for hospitals in Germany is fixed—at least in the short and medium
term. The overwhelming part of hospital costs is personnel expenditures.'* Hospital physicians are mostly salaried
employees, and wages for both physicians and other staff are set in wage negotiations at the federal level. Layoffs are
costly. Because a high share of costs is fixed, the marginal cost of admitting an additional patient can be low. Low mar-
ginal costs make it attractive for hospitals to increase volume of care in response to lower prices.

This leads to the question of how German hospitals can increase the demand for their services. One of the most
important driving factors behind patients’ hospital choices are recommendations from outpatient physicians (Salfeld,
Hehner, & Wichels, 2009). Thus, it is important for hospitals to cultivate good relationships with outpatient physicians
who are able to refer patients to the hospital. For example, hospital directors can visit outpatient physicians and inform
them about new treatment techniques available at the hospital. Reportedly, many hospitals also pay outpatient physi-
cians for patient referrals (GKV-Spitzenverband, 2012)."* In addition to increasing the number of patient admissions,
hospitals can also aim to increase payments per patient admitted. There can also be substitution between these two
strategies, depending on the relative costs and the benefits of increasing the number of admissions and increasing
the average payment per patient admitted.

The German DRG rules make provisions to protect against induced demand. Hospitals may keep only 35% of addi-
tional revenues if they exceed the number of target admissions. Additional revenues that are generated by upcoding,
that is, charging a more expensive DRG for the same treatment, are meant to be reclaimed fully by health insurers
(Tuschen, Braun, & Rau, 2005). However, these provisions are not applied consistently in practice. Hospitals routinely
delay the budget negotiations until late in the year, and they then negotiate target numbers of admissions that are close
to the actual number of admissions (Kumar & Schonstein, 2013). Furthermore, increases in the case-mix index can be
reimbursed if the hospital can provide good medical reasons for more intensive treatment.

8By contrast, payment rates for outpatient care differ between privately and publicly insured patients.

There is a strict institutional separation between inpatient and outpatient care. With some exceptions, hospitals are not allowed to provide outpatient
care (Simon, 2010).

1%Some substitution to other types of care is still possible in the German institutional setting, for example, by treating more patients with residence
outside the European Union.

In 2017, personnel expenditures accounted for 61.6% of hospital expenditures (German Statistical Office, 2017).

2This practice is illegal according to §31 of the professional guidelines for physicians (Musterberufsordnung fiir Arzte). However, many physicians did
not adhere to this rule, or they were not aware of it.
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3 | EMPIRICAL APPROACH

In our empirical strategy, we examine how treatment volumes respond to changes in base rates. We use a differences-in-
differences regression approach. However, instead of looking at a binary treatment variable, we examine the effect of a
change in prices, which is a continuous treatment variable. Thus, we compare not just two groups with different treat-
ments, that is, one treatment group and one control group, but we look at a continuous range of treatments and com-
pare different treatments with each other. We estimate the linear regression models with two periods and hospital-
specific fixed effects:'?

q;, = daoooAbase rate; 5004-20098 + d2000¥ + Xr(1).'0 + i + €ir, (2

where q;, is the treatment volume for hospitali € (1 ..., N)in year t € (2004,2009), which is measured by the number of
admissions (q;, = N; ) in the baseline specification. d,g9 is @ binary indicator for the year 2009; Abase rate; 004 — 2009 i the
change in the base rate of hospital i between the years 2004 and 2009; x,;) , includes regional demographic and economic
characteristics for region r where hospital i is situated'*; a; are unobserved hospital fixed effects; and ¢; , represents unob-
served time-varying hospital characteristics. § and y are parameters, and & is a vector of parameters. 3 is the parameter of
interest, and it represents the effect of changes in reimbursement prices on changes in hospital volumes.

Our treatment variable is the change in base rates between the years 2004 and 2009. For the intermediate years 2005-
2008, base rates did not always follow the adjustment schedule shown in Figure 1, but they were negotiated annually
between sickness funds and hospitals. Thus, hospitals could have been able to influence base rates in those years. This
concern does not apply to the year 2009, when base rates were equalized at the state level.

Regression Equation (2) provides a consistent estimator of 8 if the exogeneity assumption below holds:

E [€; | Abase rate; 30042009, Xr(i) ¢, d200o] = 0. (3)

Note that the equation above does not contain any assumptions about time-invariant unobserved characteristics «;. Hos-
pitals with different values of Abase rate; 004 — 2000 can differ in their observed and unobserved characteristics.'® This
does not violate the exogeneity assumption as long as changes in base rates are not correlated with changes in time-
varying unobserved hospital characteristics ¢; ;.

The exogeneity assumption in Equation (3) is akin to the common trend assumption in a differences-in-differences
estimation framework. This assumption requires that in the absence of price changes, the number of admissions for hos-
pitals with different values of Abase rate; 004 — 2000 sShould follow the same time trend. We discuss potential violations of
the exogeneity assumption, including the effects of changing cost weight factors, in Section 5.

4 | DATA

Our main source of data is hospital statistics from the German Statistical Office for the period 2000-2009. These hospital
statistics combine information about hospital characteristics such as ownership type and size with patient-level informa-
tion on admissions, such as the main diagnosis and county of residence for each patient. These data are merged with
county-level regional indicators from the German Statistical Office and with information on base rates provided by
Allgemeine Ortskrankenkasse, a group of health insurers.

Our study is based on a 70% random sample of all German hospitals.’® Our data include 1,159 hospitals with
information on the number of admissions and base rates in the year 2004. Of those, 165 were excluded from the sam-
ple because they are not open year round or they are day clinics or psychiatric hospitals that did not adopt the DRG

*The model is very similar to a model where we regress volume levels on prices levels in a fixed effects framework.

4Regional variables include the average age of men, the average age of women, the population density, the local unemployment rate, and the average
base rate of competing hospitals. These variables are described in Section 4.

!3In Table S3 in the online appendix, we show that price changes are positively correlated with the Herfindahl index and the average age of women,
and they are negatively correlated with the number of beds and population density.

%0ur database is the “Krankenhausstatistik” of the Federal Statistical Office. We use these data with on-site access in a Research Data Center of the
Federal Statistical Office. Due to data protection requirements, which aim to prevent hospitals from being identified, the on-site data consist of a 70%
random sample of all German hospitals, that is, information on 30% of the hospitals available in the data material is removed. All scientists who use
the data set use the same sample.
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system. A further 193 hospitals were excluded because they could not be tracked up to 2009. Although hospital clo-
sures were very rare during our study period, mergers were quite common.'” Our baseline estimation sample consists
of 801 hospitals.

Outcome variable in the baseline specification is the natural logarithm of the total number of annual hospital
admissions. In alternative specifications, outcome variables are the natural logarithm of total revenues from the
DRG system (the sum of all cost weights of hospital i in year ) and the case-mix index, respectively. The main
explanatory variable of interest is the percentage change in the base rate (Basisfallwert) of a hospital between the
years 2004 and 2009.'®

We compute a variable for the change in average base rates for competing hospitals that attract patients from the
same geographical area. This calculation consists of two steps: (a) We first compute the average base rate for compet-
ing hospitals in each county. This calculation is based on hospital market shares for residents of each county. (b) We
then compute the average base rates for competing hospitals for each hospital. This calculation is based on the
county shares of patients for each hospital, for example, what share of a hospital's patients resides in a specific
county.'*°

We further compute variables on demographic and economic indicators for hospital catchment areas. For this calcu-
lation, we weight county-level indicators for the average age of men, average age of women, population density, and
unemployment rate based on the county shares of patients in each hospital.**

TABLE 1 Descriptive statistics

Panel A: Descriptive statistics for variables for years 2004 and 2009

Year 2004 Year 2009
M SD M SD

Number of admissions 10,940.590 10,452.560 11,878.680 11,289.700
CMI 1.001 0.264 1.012 0.407
Public hospitals 0.408 0.492 0.391 0.488
Not-for-profit hospitals 0.451 0.498 0.442 0.497
Private hospitals 0.141 0.348 0.167 0.373
HHI 0.189 0.131 0.198 0.139
Unemployment rate 9.935 4.144 7.726 3.007
Average age men 36.950 1.006 37.889 0.889
Average age women 40.093 1.433 40.628 1.298
Population density 0.678 0.722 0.681 0.735
Number of hospitals 801 801

Panel B: Mean of real base rate changes between 2004 and 2009

Base rate All hospitals Hospitals with increasing real base rates Hospitals with decreasing real base rates
Abase rate (2004-2009) 0.020 0.109 —0.092
N (hospitals) 801 445 356

Note. Descriptive statistics in Panel A refer to sample in baseline specification (Table 2, column 1). The variable for case-mix index is available for 788 hospitals.
Abase rate (2004-2009) is defined as log(base rate 2009) — log(base rate 2004). Base rates in 2009 are deflated with the harmonized consumer price index to base
rates in 2004.

Abbreviations: CMI, case-mix index; HHI, Herfindahl index.

17 Although over 2004-2009 only 19 hospitals were closed, about 20% of all German hospitals were involved in mergers. The data on merger are col-
lected by Adam Pilny who allowed us to use these data (for a description of the data, see Pilny, 2014). We do not use this data set for our main analysis,
because it does not include information on the number of admissions.

8We measure Basisfallwerte by “vereinbarte Basisfallwerte.”

Both hospital market shares for county residents and county shares for hospital patients are computed based on shares in 2004 and kept constant
across years.

20Because our data come from a 70% random sample of German hospitals, this calculation leads to a slightly noisy but unbiased measure of average
base rate factors for hospitals that attract patients from the same area.

*'The choice of variables for regional demographic characteristics (average age of men in the region, average age of women in the region, and popu-
lation density) was determined by data availability.
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Summary statistics for hospitals in our data set are shown in Panel A of Table 1. For example, the average number of
admissions per hospital increased from 10,940 to 11,878 between 2004 and 2009.>*** The case-mix index stayed on aver-
age constant around 1. The share of private hospitals increased from 14.1% to 16.7%, whereas the shares of public hos-
pitals and not-for-profit hospitals decreased. The average age of the population, the Herfindahl index, and population
density increased, whereas the unemployment rate decreased. The distribution of our main explanatory variable, the
changes in base rates between the years 2004 and 2009, is shown in Figure 2. Changes varied from substantial decreases
to substantial increases in prices. ** Panel B of Table 1 shows sample means for increasing and decreasing base rates. For
hospitals with increasing base rates, the mean increase is 10.9%, and for hospitals with decreasing base rates, the mean
decrease is —9.2%, both in real terms.

5 | RESULTS

5.1 | Baseline specification

Table 2 shows estimation results for the effect of changes in base rates on the number of admissions. Our estimate of 5
in the baseline specification (Equation 2) in column 1 is —0.14. This coefficient is significantly different from 0 at 5%
level. This implies that a 1% increase in prices causes a decrease in the number of hospital admissions by 0.14%. Corre-
spondingly, a 1% decrease in prices causes the number of admissions to increase by 0.14%.2%*’

5.2 | Changing cost weights

We now discuss a number of potential violations of the exogeneity assumption in Equation (3) and how we can test for
these violations. A first possible violation relates to changes in cost weight factors. As described in Section 2, cost weight
factors are set at the federal level, and they are adjusted annually. If hospitals provide different types of services and if
changes in the average cost weights of the services they provide are correlated with changes in base rates, this can cause
an omitted variable bias in our estimates.?®

Ideally, we would like to control for the change in the average cost weight of each hospital conditional on that the
initial composition of DRGs is kept constant over time. However, such a measure is not available in our data. Yet we
know the case-mix index. In column 1 of Table 3, we show that a 1% increase in base rates is associated with a decrease
in the case-mix index of around 0.003, conditional on covariates. This association can have two alternative explanations:
(a) Hospitals react to reduced base rates by upcoding (Dafny, 2005; Jiirges & Koberlein, 2015) and/or by providing treat-
ment that is more intensive (Cutler, 1995). (b) Changes in average cost weights (for a constant composition of DRGs
over time) are correlated with changes in base rates.

*2The numbers refer to the total population treated by hospitals, including both emergency and elective treatments. Our data include no information
on whether patients were admitted for emergency treatment. In robustness checks, we estimate Equation 2 separately for patients with ICD codes that
suggest emergency treatment (acute myocardial infection, stroke, and hip fracture) or elective treatment (cataract and tonsillitis). These results are
shown in Table S9.

*Time trends for the number of hospital admissions for the period 2000-2009 are shown in Figures S2 and S3 in the online appendix, separately for
three groups (Figure S2) and two groups (Figure S3) based on the change in base rate factors.

**Time trends for the case-mix index are shown for the period 2004-2009 in Figures S4 and S5 in the online appendix, separately for three groups
(Figure S4) and two groups (Figure S5) based on the change in base rate factors.

*>Table S2 in the online appendix shows more information on the distribution of the base rates in 2004 and 2009.

*In additional analysis, we also examine whether effect sizes vary according to hospital characteristics such as initial ownership type, initial number
of admissions, initial number of beds, HHI index in 2003, and initial population density. In Tables S10 and S11 in the online appendix, we show that
effect sizes do mostly not differ significantly between different types of hospitals. However, responses to price changes tend to be stronger for larger
hospitals (e.g., hospitals with a higher number of beds).

*We also examine the effect of price changes on the number of admissions for specific diagnoses. We choose both diagnoses that are indicative for
elective treatment (cataract and tonsillitis) and diagnoses that are indicative of emergency treatment (acute myocardial infarction, stroke, and hip frac-
ture). In line with expectations, we find larger effects for elective treatment and no significant effects for emergency treatment. Results are shown in
Table S9 in the online appendix.

2Schreyogg et al. (2014) show that an increase in cost weights leads to a higher volume of care for the affected DRG.
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Although we are not able to distinguish between these two explanations in our study, we can obtain estimates that
are unbiased if either of these two explanations is true. If explanation (a) is true, then the specification shown in column
1 of Table 2 is correct. If explanation (b) is true, then we should include case-mix index as additional control variable in
our estimation. Not controlling for the case-mix index would lead to omitted variable bias. If both explanations contrib-
ute to the association in column 1 of Table 3, then, under some assumptions, we can interpret the coefficients with and
without controlling for the case-mix index as bounds for the true income effect.

In column 2 of Table 3, we show regression results that control for the case-mix index as an additional control var-
iable. The coefficient for changes in base rates is now —0.2 as compared with —0.14 in column 1 of Table 2. We interpret
these two coefficients as bounds for the true income effect. Depending on the relative importance of explanations (a)
and (b), the estimated income effects falls in the range between —0.14 and —0.2

Column 3 of Table 3 shows the effect of changes in base rate factors on total revenues from the DRG system. A 1%
increase in base rates is associated with a 0.39% decrease in revenues. However, this coefficient should be interpreted
with caution, because it could also be partly explained by changing cost weight factors.

5.3 | Pre-trends and post-trends
A second potential violation arises if changes in base rates are correlated with unobserved underlying trends in hospital

volumes. We can test for this violation by examining whether trends in hospital volumes before the year 2004 are related
to subsequent changes in base rates between the years 2004 and 2009 based on the following linear regression model:

2009

Qi = 2 diAbase rate; x004-20090; + diyy + Xp(i)1'0 + ot + €i- 4)

1=2000
Figure 3 shows estimation coefficients of 5, and their 95% confidence intervals for each year t € (2000, ..., 2009). The
coefficients of S, for the years t € (2000, ..., 2003) are close to 0, and they are not statistically significant, neither indi-

vidually nor jointly. Thus, we conclude that there are no significant pre-trends in the years before 2004.%

*The coefficients of §, in the years ¢ € (2005, ..., 2008) show the effect of prices on volume in years when the adjustment in base rate factors was only
partially completed. We exclude the year 2004 as reference category.
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TABLE 2 Effects of base rate changes on number of admissions

Log number of admissions

Baseline With additional ~Without Hesse and No change of Without Without price
trends Bavaria owner type covariates competitors
(€] @ 3 “ 5 (6
Abase rate (2004-2009) —0.136** —0.138** —0.155%** —0.132%* —0.133** —0.132%*
(0.055)  (0.057) (0.060) (0.058) (0.055) (0.055)
Year effects Yes Yes Yes Yes Yes Yes
Regional characteristics Yes Yes Yes Yes No Yes
Average price of Yes Yes Yes Yes No No
competitors
Trends by regional and No Yes No No No No
hosp. charact.
Hospital fixed effects Yes Yes Yes Yes Yes Yes
N (hospitals) 801 801 689 755 801 801

Note. The table shows estimation coefficients of a fixed effects linear regression model. The sample includes observations for the years 2004 and 2009. Abase rate
(2004-2009) is defined as log(base rate 2009) — log(base rate 2004). Regional indicators include average age of men, average age of women, population density,
and unemployment rate. All regional characteristics are measured for a hospital's catchment area. Trends by regional and hospital characteristics are captured
by interaction terms of an indicator for the year 2009 and the following regional and hospital characteristics (measured in the year 2004): average age of men,
average age of women, population density, unemployment rate, large number of beds, a high Herfindahl index, public ownership, and not-for-profit ownership.
The Herfindahl index refers to the year 2003. Parentheses show robust standard errors clustered at the hospital level.

*Significant at 10%.

**Significant at 5%.

***Significant at 1%.

TABLE 3 The role of changes in cost weights

Case-mix index Log number of admissions Log revenues (Log number of admissions*Case-mix index)

@ @) 3
Abase rate (2004-2009) —0.285%* —0.200%** —0.389%**
(0.082) (0.056) (0.057)
Case-mix index No —0.075 (0.049) No
Year effects Yes Yes Yes
Regional characteristics Yes Yes Yes
Average base rate of competitors Yes Yes Yes
Hospital fixed effects Yes Yes Yes
N (hospitals) 788 788 788

Note. The table shows estimation coefficients of a fixed effects linear regression model. The sample includes observations for the years 2004 and 2009. Abase rate
(2004-2009) is defined as log(base rate 2009) — log(base rate 2004). Regional indicators include average age of men, average age of women, population density,
and unemployment rate. All regional characteristics are measured for a hospital's catchment area. Parentheses show robust standard errors, clustered at the
hospital level.

*Significant at 10%.
**Significant at 5%.

***Significant at 1%.

5.4 | Heterogeneous effects of the introduction of DRG payment

A third potential violation of the exogeneity assumption can arise because of the heterogeneous effects of the introduc-
tion of DRG payment. Price changes coincide with the time period just after the introduction of DRG payment in the
year 2004. In our empirical model, we take time effects into account, but the effects of the introduction of DRG payment
could be heterogeneous. For example, it could vary between small and large hospitals or between urban and rural hos-
pitals. As a robustness check, we estimate a model that allows for time trends that vary with hospital and regional char-
acteristics based on the regression equation below:

qi; = daongAbase rate; x004—20008 + daoooy + xr(i).t'5 + dzo09xr(i),2oo4'/1 + dao0ohi 2004 % + Qi +- €y, ©)
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FIGURE 3 Pre-trends and post-trends
for the effect of base rate changes on the
1 number of admissions. Note: The figure
shows the estimation coefficients and their

Effect of base-rate change

0.75 95% confidence intervals for the effect of
05 changes in base rates (Abase rate 2004—
2009) between the years 2004 and 2009 on
0.25 the number of admissions in each year
b PN between 2000 and 2009. Abase rate (2004—
0 e e~ ccemce———. 2009) is defined as log(base rate
025 2080= 2071 2060 7003 2004 W@ 2009) — log(base rate 2004). The

coefficients are based on estimation
05 Equation (4). The sample includes all
hospitals that are included in the baseline
specification in Table 2, column 1.
Standard errors are robust and clustered at
the hospital level

e hase-rate change (coefficient) = e e [owerbound e= e=e= Upper bound

where t € (2004,2009), X(1)2004, and h; 2004 refer to the regional and hospital characteristics in the year 2004 at the begin-
ning of the payment reform and d,g is a binary indicator for the year 2009. In column 2 of Table 2, we show estimation
results for the regression model in Equation (5). The coefficient of § is essentially unchanged compared with the base-
line specification in column 1. Thus, our estimation results are robust to the inclusion of heterogeneous time trends
with respect to observed hospital and regional characteristics.*

5.5 | Further robustness checks

Further potential violations of the exogeneity assumption may be caused by changes in ownership type, the spread of
private hospital chains, or by mergers of hospitals. In column 3 of Table 2, we exclude hospitals from our sample that
are situated in the states of Hesse or Bavaria where private hospital chains were most active during our study period. In
column 4 of Table 2, we exclude hospitals from our sample that were affected by a change in the type of ownership dur-
ing the 2004-2009 period. For both regressions, the estimation coefficient of 8 is very similar to the baseline specifica-
tion. The coefficient of § is also essentially unchanged compared with the baseline specifications if we omit regional
characteristics or the change in the average price of competitors from the regression equation (columns 5 and 6 of
Table 2). There is also no statistically significant correlation between Abase rate; 004 — 2000 and an indicator for whether
or not a hospital was involved in a merger during the 2004-2009 period (see Table S10 in the online appendix). Further-
more, we show that increases in admission numbers for hospitals with decreases in base rates cannot be explained by
low-initial capacity utilization (see Table S11 in the online appendix).

5.6 | Nonlinear effects of price changes

Finally, we examine whether the effect of price changes on volume of care is nonlinear. For this purpose, we regress
hospital volume on quintiles of price changes:

5
Qi = . daoooquintile; ; By + X5y /'S + o + €y, (6)
k=1

where quintile;; is a binary indicator for whether hospital i falls in the kth quintile of the distribution of
Abase rate; 5004 — 2000 and Py is a parameter. Column 1 of Table 4 shows the estimation results with the log number
of admissions as outcome variable. For hospitals with strongly decreasing base rates (quintile 1), the number of admis-
sions was 11% higher in the year 2009 compared with the year 2004, keeping covariates constant. For hospitals with

*We also show in the online appendix corresponding results for specifications including the case-mix index as an additional control variable
(Table S4) and for specifications with case-mix index as outcome variable (Table S5) and with total revenues from the DRG system as outcome variable
(Table S6).
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TABLE 4 Nonlinear effects by quintiles of base rate changes

Log number of admissions Case-mix index Log revenues
@ (@) 3
Quintile 1 0.110%** 0.101%** 0.192%**
(0.035) (0.029) (0.047)
Quintile 2 0.127%** 0.002 0.145%**
(0.037) (0.028) (0.047)
Quintile 3 0.099%** 0.006 0.119%**
(0.034) (0.027) (0.043)
Quintile 4 0.091#** 0.006 0.115%**
(0.035) (0.029) (0.042)
Quintile 5 0.069* —0.022 0.060
(0.040) (0.029) (0.214)
Year effects Yes Yes Yes
Regional characteristics Yes Yes Yes
Average base rate of competitors Yes Yes Yes
Hospital fixed effects Yes Yes Yes
N (hospitals) 801 801 801

Note. The table shows estimation coefficients of a fixed effects linear regression model. The model includes hospital fixed effects. The dependent variables are
the logarithmized number of admissions (column 1), the case-mix index (column 2), and the logarithmized revenues (columns 3). Results for column 1 are also
shown in Figure S6. Specifications refer to Equation (6). The sample includes observations for the years 2004 and 2009. Regional indicators include average age
of men, average age of women, population density, and unemployment rate. All regional characteristics are measured for a hospital's catchment area. Paren-
theses show robust standard errors, clustered at the hospital level.

*Significant at 10%.
**Significant at 5%.

**Significant at 1%.

strongly increasing base rates (quintile 5), the number of admissions was 6.9% higher in the year 2009 compared with
the year 2004, keeping covariates constant. Although hospital volume increases more for hospitals with declining base
rates (quintiles 1 and 2) than for hospitals with increasing base rates (quintiles 4 and 5), this effect is nonlinear. For
example, the increase is larger for the second quintile than for the first quintile. A possible explanation could be that
rules to limit growth in the number of admissions are more likely to be binding for hospitals with the largest price
decreases such that further increases in the number of admissions become financially less attractive.

We also examine the effect of price changes on hospital volume separately for hospitals with increasing base rates and
for hospitals with decreasing base rates based on the following linear model:

qi; = daoooAbase rate; 200a—2009inCrify + daoogAbase rate; z0a—2009decrify + daoooy + Xr(i):'6 + i + &i, @)

where incr; is a binary indicator for hospitals with increasing base rates and decr; is a binary indicator for hospitals with
decreasing base rates. 5, and 3, are parameters. Column 1 of Table 5 shows that the effect of base rate changes on the num-
ber of hospital admissions is significantly negative for hospitals with increasing base rates. For hospitals with decreasing
base rates, the effect of base rate changes is not significantly different from 0 and positive.

The results in column 1 of Table 5 are in line with the results in column 1 of Table 4, but they are based on different
comparison groups. Table 4 shows that the increase in admissions between the years 2004 and 2009 is larger for hospi-
tals with weakly decreasing prices (quintile 2) than for hospitals with strongly decreasing prices (quintile 1). Corre-
spondingly, Table 5 shows that the effect of price changes on the number of admissions is (insignificantly) positive if
we restrict the sample to hospitals with decreasing prices—reflecting the higher coefficient for quintile 2 compared with
quintile 1 in Table 4.

1A graphical illustration of the estimation coefficients in Table 4 is shown in Figure S6. Note that if we connect the coefficients of quintile 1 (i.e.,
strongly decreasing prices) and quintile 2 (i.e., weakly decreasing prices), the resulting line has a positive slope reflecting the positive interaction term
“Abase rate (2004-2009)*decreasing base rates” in Table 5. If we connect the coefficients of quintile 4 (“weekly increasing base rates”) and quintile 5
(“strongly increasing base rates”), the resulting line has a negative slope reflecting the negative interaction term “Abase rate (2004-2009)*increasing
base rates” in Table 5. Volume of care for 20 bins of base rate changes is shown in Figure S7 for the number of hospital admissions, in Figure S8 for the
number of hospital admissions without extreme base rate changes, in Figure S9 for the case-mix index, and in Figure S10 for revenues from the DRG
system. Figures S6 to S10 are shown in the online appendix.
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TABLE 5 Nonlinear effects of increasing and decreasing base rates

Log number of admissions Case-mix index Log revenues
@ ©) 3

Abase rate (2004-2009)*increasing base rates —0.189*** —0.198*** —0.371%%*

(0.057) (0.055) (0.063)
Abase rate (2004-2009)*decreasing base rates 0.152 —0.928%*** —0.516***

(0.135) (0.316) (0.136)
Year effects Yes Yes Yes
Regional characteristics Yes Yes Yes
Average base rate of competitors Yes Yes Yes
Hospital fixed effects Yes Yes Yes
N (hospitals) 801 801 801

Note. The table shows estimation coefficients of a fixed effects linear regression model. The model includes hospital fixed effects. The dependent variables are
the logarithmized number of admissions (column 1), the case-mix index (column 2), and the logarithmized revenues (Columns 3). Specifications refer to Equa-
tion (7). Regional indicators include average age of men, average age of women, population density, and unemployment rate. All regional characteristics are
measured for a hospital's catchment area. Parentheses show robust standard errors, clustered at the hospital level.

*Significant at 10%.
**Significant at 5%.

***Significant at 1%.

Finally, we examine whether the effects of price changes on the case-mix index and total revenues are also
nonlinear. Column 2 of Table 4 shows that between the years 2004 and 2009, the case-mix index increases
strongly and significantly for hospitals with strongly decreasing prices (quintile 1) whereas there is no significant
change for all other groups. Column 2 of Table 5 shows that the coefficients for price changes are negative and sig-
nificant at 1% level for both hospitals with increasing and with decreasing prices, but the negative effect is stronger
for hospitals with decreasing prices. Column 3 of Table 4 shows that the relationship between price changes and
changes in total revenues follows an approximate linear pattern. Column 3 of Table 5 shows that the coefficients
for price changes on total revenues are negative and significant at 1% level for hospitals with both increasing and
decreasing prices.

6 | CONCLUSIONS

We examine the effect of changes in hospital reimbursement prices on the volume of care based on a reform of hospital
financing in Germany. We find that a 1% across-the-board increase in payment rates for the period 2004-2009 leads to a
decrease in the number of hospital admissions by between 0.14% and 0.2%, depending on our assumptions on the role of
changing cost weight factors.

We interpret our findings as evidence for a negative income effect. This is not the same as evidence for physician
induced demand. Physician induced demand is defined as care that is in the financial interest of the provider but not
in the best interest of the patient (McGuire, 2000). In our study, we do not know the optimal volume of care, and we
are unable to say whether or not the additional care provided in response to lower reimbursement prices was in the best
interest of the patients.

Still our findings have important policy implications. First, our results suggest that existing rules to limit volume of
care for German hospitals do not prevent hospitals from increasing treatment volumes in response to lower prices. Sec-
ond, the negative income effect has implications for the budgetary impact of changes in regulatory prices for hospitals.
Following the example of the Congressional Budget Office in the United States, policy makers in Germany should take
the income effect into account in their decisions about setting prices in the hospital sector.
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