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Abstract 

Hospitals account for 40 % of all healthcare expenditures and play a central role in 

healthcare provision. Therefore, the way hospitals are payed has major implications for the 

care they provide. Yet the knowledge about system wide effects of payment reforms is 

surprisingly thin. This study analyzes the especially comprehensive German introduction of 

diagnosis-related groups. In Germany, diagnosis-related groups function as sole pricing, 

billing and budgeting system and almost exclusively determine the turnover of hospitals. 

The introduction of diagnosis-related groups thus completely overhauled existing payment 

structures. It thereby offers a unique possibility for the analysis of payment reforms. Using 

aggregate OECD data and recent econometric advances, we analyze hospital activity and 

efficiency. We find that the reform increased hospital activity – measured as the number of 

discharges – significantly by around 2 percent per year. In contrast to many earlier studies, 

we find that diagnosis-related groups do not necessarily lead to a lowering of the average 

length of stay. 
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1. Introduction 

Hospitals play a central role in healthcare provision. With on average 40 % of all healthcare 

expenditures they are the main recipient in almost all OECD countries (OECD, 2021a). It is 

therefore not surprising that hospitals are a prominent target for policy reforms. Besides 

restructuring of hospitals and hospital care itself, hospital financing is a recurring point of 

interest among policy makers. By changing the way hospitals are payed, the care they 

provide can be influenced. However, robust empirical evidence about effects of different 

funding systems is scarce. Despite insufficient knowledge about consequences, the 

overwhelming majority of countries arrived at Activity Based Funding (ABF) as a major 

source of hospital financing, mainly in the form of diagnosis-related groups (DRGs). DRGs 

group hospital cases based on their diagnoses into economically homogeneous groups. 

Thereby, DRG link remuneration to the number of cases. A hospital receives more revenue 

if it admits and treats more patients. Moreover, DRGs used as pricing system encourage 

hospitals to keep costs below the respective flat rate per case (Yardstick-competition - 

Shleifer, 1985).  

DRGs were first introduced in the US and gradually became the basis for hospital payment 

schemes around the world, albeit with country-specific adaptions. Depending on the 

previous mode of payment, reforms’ effects seem to point in opposite directions. Moving 

from global budgets to DRGs, as it was the case for most European countries, seemed to 

increase hospital activity and expenditures. In contrast in the US, where DRGs followed fee-

for-service payment schemes, hospital activity initially declined (Lave, 1989). Despite it 

being probably one of the most important hospital healthcare interventions in recent 

decades, still little is known about its system wide effects. 

In this paper, we use an especially extensive reform of hospital payments as a natural 

experiment. Germany introduced DRGs as the predominant source of financing for all acute 

care hospitals. It thereby differs from partial introductions in other countries. Moreover, to 

our knowledge Germany encompasses the only hospital system worldwide where DRGs 

function as sole pricing, billing and budgeting system and almost exclusively determine the 

turnover of hospitals. To achieve a robust estimation of the reform’s effects we use three 

complementary quasi-experimental methods: Difference-in-Differences, Synthetic Control 

and Synthetic Difference-in-Differences. Aggregate country-level panel data and a 

comprehensive scheme of pre-dominant hospital payment systems allow us to construct a 

suitable control group. Thus, we do not have to resort to a pre-post-analysis but can derive 

causal inference. 

A major motive for introducing DRG systems was to increase hospital throughput by 

improving efficiency. Our main outcomes of interest therefore concern the hospital activity 

and efficiency, represented by hospital discharges and length of stay. Following previous 

research, we also include secondary outcomes concerning population health status and 

hospital resources. Our approach allows us to complement the DRG literature with effect 

estimates for a uniquely comprehensive reform. It furthermore underpins the ongoing policy 

discussion in Germany with robust evidence. We find that the DRG reform steeply increased 

hospital discharges at a rate of approximately 2% annually. In contrast to previous studies, 
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we were not able to identify any empirical impact on the length of stay. Extensive robustness 

tests confirm the validity of our results.  

Our results add to the general research regarding DRG systems, which separates into three 

basic streams (see Table 1). The first stream evolves around the effects within DRG 

systems. Studies in this stream investigate hospitals’ responses to changes of prices or 

price structures within an existing DRG system (Dafny, 2005). One of the main challenges 

here is to distinguish between effects at the intensive and extensive margin, e.g. between 

upcoding and genuine increases in discharges. The majority of studies finds that hospitals 

react mainly by an altered coding practice, i.e. upcoding of patients into higher priced and 

therefore more profitable diagnoses (Cook & Averett, 2020; Di Giacomo et al., 2017; Jürges 

& Köberlein, 2015) Whether hospitals also alter treatment decisions in this setting remains 

unclear (Bäuml, 2020). Some studies find increases in the number of discharges for surgical 

but not medical DRGs (Verzulli et al., 2017), which is in line with some theoretical 

considerations (Hafsteinsdottir & Siciliani, 2010). Changes in the quality of care, e.g. 

regarding in-hospital mortality were not found (Bäuml & Kümpel, 2021). 

The second research stream investigates the effects of the introduction of a DRG system 

itself, primarily with a focus on the level of individual hospitals, diseases or population 

subgroups. Overall, evidence in this stream suggests that a DRG introduction causes 

substantial shifts to post-acute care and increases readmission rates. Studies also indicate 

that the transition to DRGs initially decreases the length of hospital stay (Meng et al., 2020). 

However, a high heterogeneity of results prohibits an unequivocal verdict. General 

conclusions are hampered by econometric challenges as well as inevitable design 

constraints (Palmer et al., 2014). Non-experimental, descriptive studies - often covering only 

short periods - continue to dominate the empirical literature (Valentelyte et al., 2021). Even 

econometrically elaborated studies exhibit a high risk of bias (Meng et al., 2020). A lack of 

unaffected controls, since implementations are usually nationwide (Schreyögg, 2019), also 

impedes conclusions by design. Furthermore, the availability of administrative data for pre-

intervention periods is often insufficient.  

The third research stream, to which we attribute our study, also analyzes the effects of the 

introduction of the DRG system itself. However, unlike studies in the preceding streams, this 

stream focuses on effects on the system level. This is necessary because even 

comprehensive studies from the previous research streams are generally limited to 

subgroups of the population. Kutz et al. (2019) e.g. analyze 2.5 million Swiss hospitalizations 

over a period of six years, but exclude i.a. all surgical patients. These varying research 

scopes might relate to the diverging results in research stream 2. Feess et al. (2019) find 

highly heterogeneous effects on the average length of stay following the German DRG 

reform, depending on patient and hospital characteristics. On aggregate level however, they 

do not find any systematic change. 

System wide conclusions based on subgroup analysis are thus difficult to draw. To 

overcome this issue, studies in the third research stream try to establish a causal link 

between reforms of hospital payment schemes and subsequent developments using 

aggregate country-level panel data. To the best of our knowledge, only Moreno-Serra and 
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Wagstaff (2010) and Wubulihasimu et al. (2016) fall into this category. Both estimate the 

effects of changes in hospital payment systems, with DRG systems as one example. 

Moreno-Serra and Wagstaff find increased healthcare expenditures as well as decreased 

lengths of stay for Eastern Europe and Central Asia. Wubulihasimu, Brouwer, and van Baal 

concentrate on OECD-countries and derive first evidence for increased health expenditures 

and a lower mortality. The results should be regarded with caution, as they are sensitive to 

model specifications. They highlight the heterogeneity of reforms and their only gradual or 

partial introduction as major limitations for estimation. From a methodological point of view, 

both studies (partly) use staggered Difference-in-Differences. Recent advances have 

indicated that this widely used approach can be biased when treatment effect heterogeneity 

is present (see e.g. Chaisemartin & D’Haultfœuille, 2020; Goodman-Bacon, 2021), opening 

room for further research.  

This paper is structured as follows. Section 2 provides an overview over the German DRG 

system. Sections 3 follows with a description of the data and explains our approach of 

constructing a data set covering the predominant hospital funding schemes for the control 

countries. Section 4 provides information about the methodological setup and the estimation 

procedure. Section 5 presents empirical results and sections 6 and 7 conclude. 

Table 1: Research streams regarding DRG systems 

Research 

Stream 

effects within DRG system effects of DRG system itself 

price changes hospital/specialty/ patient level system level 

Effect volume of care + volume of care 0/+ volume of care 0 

  quality of care 0 length of stay 0/- length of stay - 

  upcoding ++ mortality 0 mortality 0 

    quality of care +/-   

  
  readmissions or shift to 

post-acute care 
++   

  
  hospital efficiency +/-   

Studies or 

Reviews 

Bäuml, 2020; Dafny, 2005; 

Jürges & Köberlein, 2015; 

Salm & Wübker, 2020 … 

Meng et al., 2020; Palmer et al., 

2014… 

Moreno-Serra & Wagstaff, 

2010; Wubulihasimu et al., 

2016 

Caveat methodological challenges 

to differentiate between 

effects at the in- and 

extensive margin 

short study periods, design 

constraints, e.g. lack of 

unaffected controls, availability 

of administrative data for pre-

intervention period, econometric 

challenges 

payment scheme definition/ 

specification of control group, 

sample size, econometric 

challenges 
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2. DRGs in Germany 

For decades, hospital care in Germany was reimbursed mainly via per diem rates. Before 

1993, rates were calculated based on full cost compensation. After 1993, a fixed global 

budget had to be considered in rate negotiations, but several exceptions allowed for high 

and steady expenditure growth rates. When Germany opted in 2000 to introduce a German 

DRG system (gDRG) based on the Australian Refined Diagnosis-Related Groups, it 

targeted several aims i.e.: Shortening the hospital length of stay, stabilizing healthcare 

expenditures, introducing a performance-related payment of hospitals and increasing the 

transparency about services and costs of hospitals. Despite experiences of other countries, 

the possibility of increased hospital activity was not overly focused in the legislative process. 

The scope of the gDRG system is quite comprehensive: It is – with the exemption of some 

additional payments for e.g. especially expensive medicines – the only pricing system for 

hospitals. It is furthermore used for determining a hospital’s budget and for direct billing 

purposes. With around 1.200 different DRGs, it offers a high complexity. 

The gDRG system covers all operating costs for all acute inpatient stays. Hospitals receive 

a lump sum depending on the main diagnosis and the procedures performed. Secondary 

diagnoses determine the severity of the base DRG. Additions and deductions are possible 

if the length of stay falls above or below a DRG specific threshold. Contingency costs, e.g. 

to ensure the provision of emergency care, are also included in DRG case payments.1 Long-

term infrastructure investment costs are in principle financed separately by federal states 

through taxes. They are provided as lump sums or can be applied as case surcharges. 

However, real public investment in hospitals has been decreasing continuously and is less 

than 5% of overall hospital funding today. Federal states would need to almost triple their 

allocations to reach relative funding levels of 1991. In contrast, DRGs allocate about 80 % 

of all financial resources to hospitals. This is one of the highest share of DRG-based hospital 

payment internationally (Cots et al., 2011) and the reason why DRGs are the main financial 

parameter for German hospitals. Besides, German hospitals are tightly focused on providing 

inpatient care. Only few legal exceptions allow outpatient service provision, which is 

furthermore financially unattractive. Thus, the importance of inpatient payment schemes for 

hospitals is among the highest across OECD countries (see Figure 1). 

The gDRG system came into force in 2003 and became the obligatory remuneration system 

for all acute care hospitals in 2004. Hospitals could initially apply for an exemption from the 

DRG system but the requirements got increasingly demanding. In 2004 reimbursement was 

still budget neutral and entirely based on upfront-negotiated budgets. A hospital-specific 

base rate meant that in the first year the payment received was the same as under the 

previous system. A convergence phase from 2005 to 2009 gave hospitals the opportunity to 

adjust step wise to a state wide uniform price system (Salm & Wübker, 2020). While losses 

to hospitals originating from the reform were limited, gains, which arose from the new 

                                            

1 This partly changed only in 2018. 
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payment system, were uncapped. Thus, strong incentives for extended activity by profiting 

hospitals were in place early after the introduction.2  

Although research accompanied the gDRG reform throughout, clear causal evidence is 

missing. Due to the obligatory and nationwide introduction, the reform lacks a suitable 

control group within the German healthcare system. Therefore studies often can only 

describe trends without the possibility of making statements about causal directions 

(Schreyögg et al., 2014). External time-varying factors, regression to the mean, false 

assumptions regarding the functional form of underlying time trends and other threats to the 

internal validity render these single case time-series analysis problematic. 

Koné et al. conclude in a review that there is no robust empirical evidence to indicate positive 

or negative effects of the DRG introduction in Germany (Koné et al., 2019). Aggregate trends 

indicate that the average length of stay decreased, but less sharp then before gDRG 

introduction. The number of cases increased as well as hospital expenditures. Inpatient 

discharges rose from 16.6 million in 2004 to 19.4 million in 2017. This accounted for one of 

the largest increases in hospital discharges in Europe – in-spite of a stable population (see 

Appendix Figure A. 1). A steady enlargement of the physician workforce accompanied 

climbing case numbers. From 2000 to 2018 the number of physicians employed in hospitals 

increased by almost 50%. Nursing staff – which, with respect to revenue generation, is often 

attributed a lower importance – showed an unsteady development and increased by only 

10% overall (in FTE, OECD, 2021a). 

Following the lack of conclusive studies, public discussions largely take place without 

evidence. Especially negative consequences on hospital care and staffing are in public 

focus. Eventually in 2020, the presumption that financial incentives caused by the gDRG 

system resulted in under-staffing of nursing personnel, led to fundamental changes. With 

the PpSG (Pflegepersonal-Stärkungsgesetz) the German legislative decided to remunerate 

nursing staff for direct patient care independently of case payments. Nursing costs, which 

account for around 20% of total costs, are thus excluded from DRG calculations. Hospital 

remuneration now consists of a combination of per case reimbursement via DRGs and a 

nursing staff allowance based on full cost compensation. 

                                            

2 Salm and Wübker (2020) argue that hospitals which confronted price decreases also reacted by increasing service 
supply, opening another channel for increased hospital activity. 
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Figure 1: Importance of inpatient expenditures for hospitals in OECD countries 2017 

Source: OECD (2021b) 

3. Data 

3.1. Classification of hospital payment systems  

Table 2 summarizes our data collection process and estimation strategy. In order to 

investigate the effects of the gDRG reform, we constructed - in analogy to Moreno-Serra 

and Wagstaff (2010) and Wubulihasimu et al. (2016) - a data set describing the predominant 

hospital payment schemes for selected OECD and EU member states from 1994 to 2015 

(see Figure 2). All European OECD countries, Australia, Canada and New Zealand as well 

as the EU Member States at the start of the reform (2004/2005) are included. The selection 

covers developed countries with in general comparable levels of healthcare and acts as 

starting point for the compilation of suitable controls for Germany.  

In a first step, we created two basic categories with opposite incentive structures to classify 

hospital payment schemes: Fixed budgets (FB) or activity based funding (ABF). We classify 

a country as FB in a given year if global budgets or block grants are the predominant form 

of hospital funding. In this case, hospital revenues are mainly pre-determined depending on 

provider characteristics like hospital size or range of care. We chose ABF if hospitals are 

paid according to the characteristics of admitted patients or activities. This includes per case 

and DRG-based methods as well as fee-for-service. Basis for the classification is the World 

Health Organization’s Health System in Transition series (Busse et al., 2011; WHO, 2021) 

and additional literature. More details can be found in the Supporting Information. 

 



 

11 

Table 2: Outline of statistical analysis 

Step 
Description 

1. Collecting information 

regarding predominant 

hospital payment 

schemes 

Classify predominant hospital payment schemes for selected countries from 1994 

to 2015. 

First step: assign Fixed Budget (FB) or Activity Based Funding (ABF) classification 

(a) main source is the Health Systems in Transition series 

(b) additional literature supplements classification 

Second step: decide on scope of payment scheme to differentiate between 

extensive and only partial ABF reforms 

- ABF often only affects a fraction of hospital budgets (e.g. Denmark, Italy), 

is limited to certain hospitals and regions (e.g. Finland, Sweden) or is 

used for budgeting but not for actual billing processes (e.g. Ireland) 

We exclude all countries that introduced an extensive form of activity based 

funding between 1999 and 2011 from the control group. Outside of this period, 

payment scheme reforms should not bias estimation. 

2. Collecting and 

combining country 

level data from several 

sources  

Aggregate (unbalanced panel) data from OECD and Eurostat. 

(a) main source for variables is OECD 

(b) additional countries and data comes from Eurostat 

Main outcome variables are  

- number of discharges per 100 000 inhabitants and 

- length of stay 

Secondary outcome variables concern 

- hospital resources and expenditures as indicator of efficiency  

- population health status 

Additional control variables, e.g. GDP per capita and share of population 65+, are 

used. Several variables exist in various definitions. See Supporting Information. 

3. Applying three 

complementary 

estimation methods 

Use of different estimation methods for a robust estimation. 

(a) A slightly extended Difference-in-Differences (DiD) model is our baseline 

approach. It is used for all outcomes with a credible parallel trend 

assumption 

(b) Synthetic Control Method (SCM) is used for all outcome variables; DRG 

reform works as prime example for “classic” SCM 

(c) Synthetic Difference-in-Differences (SDiD) is used for all outcome 

variables 

4. Robustness checks 
Application of several robustness checks for the different methodological 

approaches. 

(a) Different control variables, control countries, parallel trend sensitivity 

analysis 

(b,c) Placebo-in-space and placebo-in-time analysis, different control 

countries 

To validate the DRG reform in Germany as driving force for our effect estimates 

we further check for simultaneous healthcare reforms. Since the classification of 

hospital payment schemes is not straightforward for some countries, we also 

construct an alternative classification for the control countries.  
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To facilitate the identification of suited control units we add a mixed funding category to 

differentiate between extensive ABF reforms and the co-existence of multiple models. Many 

countries implemented hospital payment schemes gradually or only partially. Thereby ABF 

often only affects a fraction of hospital budgets (e.g. Denmark), is limited to certain hospitals 

and regions (e.g. Finland and Sweden) or is used for budgeting but not for actual billing 

processes (e.g. Ireland). We argue that in this case the change in hospital incentive 

structures is considerably weaker – at least at the aggregate level used in this analysis. This 

differentiation allows us to exclude countries with similar reforms as in Germany from the 

control group while retaining a reasonable size of the donor pool. For further analysis, we 

consider all countries that did not introduce any extensive reform of activity based funding 

between 1999 and 2011 as control units. Reforms years apart from the German DRG 

introduction should not impair our estimates. This approach excludes Estonia, France, the 

United Kingdom and Poland from the control group of our main analysis. We do, however, 

several robustness checks with different control group compositions.  

 

Figure 2: Hospital payment schemes in selected OECD and EU member states, 1994 to 
2015. 

Notes: See Supporting Information for further information. 
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To consider other kind of major reforms, which might affect hospital activity at the aggregate 

level, we screened the health policy literature for the relevant control countries and excluded 

them if necessary (Clemens et al., 2014; Dubas-Jakóbczyk et al., 2020). However, we 

cannot control for the smaller gradual adaption of healthcare systems. Yet, it shows regularly 

difficult to provide consistent evidence for the effects of minor system changes (Milstein & 

Schreyögg, 2016; Purdy et al., 2012). It is therefore implausible to expect pronounced 

effects at the aggregate national level absent major reforms. 

3.2. Variables 

We use unbalanced country-level panel data from OECD sources, complemented by data 

from Eurostat (Eurostat, 2021; OECD, 2021a). Our main outcomes of interest concern the 

hospital activity and efficiency. We use hospital discharges and the average length of stay 

as outcome variables. Secondary outcome variables concern hospital resources and 

expenditures as well as population health status. As baseline, we control for changes in 

GDP per capita to account for possible budgetary constraints, e.g. caused by the impact of 

the financial crisis beginning 2007/2008. To capture time varying effects on the demand 

side, we follow previous empirical work and use the share of the population aged 65 or 

above (Wubulihasimu et al., 2016). More details on the data can be found in the Supporting 

Information. 

Table 3 gives an overview. Even on aggregate level, certain health related data is not 

available. Table 3 furthermore underlines that Germany showed exceptional high values for 

several outcomes before and after the gDRG introduction. For our analysis, we transformed 

outcome and control variables to natural logarithms to allow straightforward interpretation of 

the results. 
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Table 3: Data Description 

 Germany Others1 

Variables 2003 2012 2003 2012 

Hospital Discharges 201 230 160 (29) 155 (29) 

Average Length of Stay 9.3 7.8 7.1 (28) 6.5 (29) 

Share of population 65+ 18 % 21 % 15 % (29) 16 % (29) 

GDP 36977 42822 34326 (29) 37640 (29) 

Inpatient Expenditures 1156 1357 852 (20) 891 (27) 

Outpatient Expenditures 965 1103 770 (22) 848 (27) 

Hospital Expenditures 1218 1432 1076 (20) 1275 (27) 

Hospital Physicians 1.5 1.9 1.6 (17) 1.8 (25) 

Hospital Nurses 4.2 4.4 4.9 (17) 5.0 (25) 

Hospital Beds 6.6 6.2 4.5 (25) 3.7 (28) 

Private Hospital Beds 2.1 2.5 0.6 (13) 0.6 (18) 

Average Idle Bed Capacity 1.4 1.3 1.1 (19) 1.0 (21) 

Potential Years of Life lost 5258 4162 6322 (28) 4907 (28) 

Life Expectancy 78.6 80.6 77.5 (29) 80.0 (29) 

1 In brackets: Number of countries with data available. 

Notes: Number of Discharges, (Idle) Beds, Physicians and Nurses per 1000 inhabitants. Potential years of life lost 
per 100000 inhabitants, aged 0-75. GDP and expenditures per inhabitant. 

 

4. Methods 

4.1. Empirical Approach 

The general objective of our approach is to obtain unbiased estimates for the effect of the 

gDRG introduction on several outcomes. For a robust estimation, we make use of three 

complementary methods. 

a. Difference-in-Differences (DID) 

b. Synthetic Control (SC)   

c. Synthetic Difference-in-Differences (SDID) 

Although DID and SC are normally used in different empirical settings, they are closely 

related (Arkhangelsky et al., 2021): A standard Difference-in-Differences approach can be 

considered as an unweighted linear regression with unit and time fixed effects. Without 

covariates it can be expressed as follows (Arkhangelsky et al., 2021) 

(�̂�𝐷𝐼𝐷 , �̂�, �̂�) = arg min
𝛼,𝛽,𝜏

{∑ ∑(𝑌𝑖𝑡 − 𝛼𝑖 − 𝛽𝑡 − 𝑊𝑖𝑡𝜏)2

𝑇

𝑡=1

𝑁

𝑖=1

}  
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with 𝑌𝑖𝑡 being the outcome of interest, 𝛼𝑖  unit and 𝛽𝑡 time fixed effects. 𝑊𝑖𝑡  denotes a binary 

treatment and 𝜏 the treatment effect. The Synthetic Control Method (Abadie et al., 2015; 

Abadie, 2021) - “arguably the most important innovation in the policy evaluation literature in 

the last 15 years” (Athey & Imbens, 2017) - in contrast drops the unit fixed effects 𝛼𝑖  and 

instead adds unit weights �̂�𝑖
𝑆𝐶  into the regression function (Arkhangelsky et al., 2021). It 

therefore can be considered as a weighted linear regression without unit fixed effects. 

(�̂�𝑆𝐶 , �̂�, �̂�) = arg min
𝛼,𝛽,𝜏

{∑ ∑(𝑌𝑖𝑡 − 𝛽𝑡 − 𝑊𝑖𝑡𝜏)2 �̂�𝑖
𝑆𝐶

𝑇

𝑡=1

𝑁

𝑖=1

} 

The third, very recently proposed method Synthetic Difference-in-Differences combines 

aspects of a standard DID model and the SC estimator. Similar to DID it includes unit 𝛼𝑖  and 

𝛽𝑡 time fixed effects. Like SC, it uses unit weights �̂�𝑖
𝑆𝐷𝐼𝐷  to align pre-treatment outcome 

trends among treatment and control units. In contrast to SC, SDID allows for an intercept 

term in weight optimization. Thus, pre-treatment outcomes of control and treated units do 

not need to match at level, instead matching on trends is sufficient. SDID additionally 

incorporates time weights �̂�𝑡
𝑆𝐷𝐼𝐷

 to balance pre- and post-treatment periods. The time 

weights are chosen so that the weighted average of pre-treatment outcomes predicts the 

average post-treatment outcome for each control unit up to a constant. Thereby time weights 

can improve estimation by diminishing the influence of pre-treatment periods that are very 

different from post-treatment periods (Arkhangelsky et al., 2021).  

(�̂�𝑆𝐷𝐼𝐷 , �̂�, �̂�) = arg min
𝛼,𝛽,𝜏

{∑ ∑(𝑌𝑖𝑡 − 𝛼𝑖 − 𝛽𝑡 − 𝑊𝑖𝑡𝜏)2 �̂�𝑖
𝑆𝐷𝐼𝐷 �̂�𝑡

𝑆𝐷𝐼𝐷

𝑇

𝑡=1

𝑁

𝑖=1

} 

Both sets of weights are then used in a two-way fixed effects regression to get an estimate 

for the average treatment effect. Arkhangelsky et al. (2021) demonstrate that SDID has 

attractive properties with regard to bias and variance compared to the SC and DID 

estimators.  

In all three methods other developed countries, which were not exposed to payment scheme 

reforms of similar extent, function as control group (see Figure 2 and Supporting Information 

for a list of control units and additional information). The key assumption is therefore similar 

across all models: the outcome variables in Germany would have shown similar trajectories 

as the (weighted set of) control countries, absent the introduction of the German DRG-

system.  

a. Difference-in-Differences 

A Difference-in-Differences model represents our baseline. Standard DID models estimate 

one time additive effects of a binary treatment on the outcome level. We slightly deviate and 

use the count of years since the DRG introduction (𝑍𝑖𝑡) as treatment indicator to allow for a 

structural trend break. We thereby follow previous literature on the effects of payment 

scheme reforms (Wubulihasimu et al., 2016). This approach is more similar to an event 

study design and allows for lasting dynamic treatment effects. With only one treated unit and 
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hence absence of heterogeneous effects and varying treatment timing we do not have to 

consider the recent insights on continuous treatments (Callaway et al., 2021) or staggered 

DID (Goodman-Bacon, 2021). Our approach leads to the estimation of the following 

equation 

𝑌𝑖𝑡 = 𝛼𝑖 + 𝛽𝑡 + 𝜌𝑍𝑖𝑡 + 𝛾𝑋𝑖𝑡 + 𝜖𝑖𝑡 

with 𝑌𝑖𝑡 being the outcome of interest, 𝛼𝑖 country fixed effects, 𝛽𝑡  time fixed effects, 𝑋𝑖𝑡 

country-specific time-varying covariates.3 Countries and years are indexed by i and t. The 

identifying assumption is that untreated potential outcomes evolve in parallel in the treatment 

and control group after conditioning on observables (“parallel trends”). The common way to 

back this assumption is to test for pre-treatment differences in trends. However, several 

recent papers have highlighted issues with this approach (Rambachan & Roth, 2021; Roth, 

2022). 

b. Synthetic Control Method 

While nowadays applied to other settings and extended by different approaches (see Abadie 

(2021) for an overview), SC initially aimed at aggregate interventions affecting only one 

individual unit (Abadie et al., 2010; Abadie & Gardeazabal, 2003). Thereby the analysis of 

the gDRG introduction is a prime example for its “classic” application. The underlying idea 

is that – at the aggregate level – a weighted combination of unaffected controls might provide 

better comparisons than individual unaffected units. The selection of the control groups is 

formalized by a data driven procedure. In contrast to a standard DID model, SC does not 

require parallel outcome trends upfront (Abadie 2021). However, the identifying assumption 

is closely related. SC depends on finding a weighted set of control units, which matches the 

treated unit pre-treatment as closely as possible (“convex hull condition”). The identifying 

assumption then is that in the absence of treatment, the treated unit would follow the 

weighted set’s outcome trajectory in the post-treatment periods.  

Including a continuous treatment 𝑍𝑖𝑡 as in the DID framework is not possible for SC. Thus, 

we estimate an average treatment effect on a binary treatment indicator. Pre-intervention 

covariates are used in the weighting algorithm. 

Critics of SC argue that it provides specification-searching opportunities since its results can 

be highly volatile (Ferman et al., 2020). This is caused by the inherent sparsity of weights, 

which can lead to widely different results using only slightly different specifications. 

c. Synthetic Difference-in-Differences 

The common way of backing parallel trends assumptions was recently disputed 

(Rambachan & Roth, 2021; Roth, 2022). In the case of our analysis, the assumption might 

not hold for some outcome variables (see Appendix Figure A. 10). The convex hull condition 

for SC is also difficult to guarantee for particular variables since Germany is “extreme” with 

                                            

3 By our definition of 𝑍𝑖𝑡 we assume a dynamic linear effect which can be interpreted as an annual year on year change. 
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regard to its hospital sector.4 Such is that it may not be closely approximated by a synthetic 

control. 

We therefore include the recently proposed Synthetic Difference-in-Differences 

(Arkhangelsky et al., 2021) into our approaches to bridge both methods and address these 

concerns. SDID compiles a weighted control group assuring approximately parallel trends 

by construction. Time weights diminish the role of periods that are very different from the 

considered post-treatment periods. Together, these adjustments make the estimation 

strategy more plausible and are close to the current empirical practice of upfront selecting 

suitable controls and periods, but in a more transparent way (Arkhangelsky et al., 2021). 

The identifying assumption is similar to SC: In the absence of treatment, the treated unit 

would follow the outcome trajectory of the time and unit weighted control set in the post-

treatment periods.  

Similar to SC, a continuous treatment 𝑍𝑖𝑡 is not possible in the SDID framework. Thus, we 

also estimate a binary treatment effect. The principal use case of the SDID framework is 

focused on outcomes only. Nonetheless, covariates 𝑋𝑖𝑡 can be incorporated by applying 

SDID to the residuals of the regression of 𝑌𝑖𝑡 𝑜𝑛 𝑋𝑖𝑡 (Arkhangelsky et al., 2021).  

Arkhangelsky et al. (2021) demonstrate that their estimation approach is at least as good as 

DID or SC with respect to variance and bias. They present different methods for inference. 

They recommend a bootstrap or jackknife variance estimation to conduct asymptotically 

valid inference. However, both methods are designed for settings with large panels and 

many treated units. For inference with 𝑁𝑡𝑟 = 1, i.e. only one treated unit, both approaches 

are not well defined. As third approach, Arkhangelsky et al. (2021) construct confidence 

intervals based on placebo evaluations, which are widely used in the SC framework. While 

it allows for some basic inference, it is likely that this method leads to rather too large 

intervals. 

All analyses were carried out using R, version 4.0.3. Fixest, Augsynth and SynthDiD were 

primarily used as packages for estimation (Arkhangelsky et al., 2021; Ben-Michael et al., 

2021; Bergé, 2018). 

4.2. Robustness checks 

The application of different methods already provides a certain level of robustness. We 

performed comprehensive additional checks. We include additional control variables, e.g. 

the total number of hospital beds, the respective share of private hospital beds or 

expenditure variables. We also tested whether our results critically depend on the choice of 

control countries. To this end, we used four different sets of control units. As described 

above, our main control group includes all countries that did not introduce any extensive 

reform of activity based funding between 1999 and 2011. Additionally, we built a set of 

control units where we excluded any country classified as activity based funding. A third, 

very narrow control group is based on fixed budget classification only. For the fourth set of 

                                            

4 E.g. the number of discharges as well as the average length of stay are both exceptionally high compared to other OECD 
countries, see Table 3. 
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control countries, we used an alternative classification of payment schemes (see Supporting 

Information). 

The gDRG system became the obligatory remuneration system for all acute care hospitals 

in 2004. The budgetary consequences only started 2005 and were followed by a transition 

phase. While we therefore use 2005 as the year of intervention in our main analysis we 

repeat it with different treatment timings (up to t=2007). 

Within the Synthetic Control framework, placebo tests are often recommended. The 

underlying idea is to replace the exposed unit with different units that were not exposed. By 

estimating a “placebo-in-space-test”, we are able to assess the magnitude of randomness 

in the data. Backdating the intervention is a similar approach, which can be applied to the 

SDID framework as well. It works as “placebo-in-time test” (Abadie, 2021) and assigns a 

different treatment timing instead of a different treatment unit. If the estimation is able to 

reproduce the trajectory of the outcome variable prior to treatment and does not estimate 

any backdated effect, it provides credibility to the estimation itself (Abadie, 2021). In addition, 

we also use recent advances and provide results from a conformal inference method for SC 

(Chernozhukov et al., 2021). 

Finally, to establish a plausible link between the changes in observed outcomes and the 

gDRG introduction we also discuss alternative explanations for our results. 

5. Results 

5.1. a. Difference-in-Differences 

The DID regression results are shown in Table 4. Model 1 represents the baseline 

specification, controlling for changes in GDP per capita and the share of the population aged 

65 or above. Models 2 to 6 add additional control variables. On the supply side, we consider 

the number of hospital beds. Additionally, it could be hypothesized that rising private hospital 

bed numbers play a role and therefore also enter the regression. Overall healthcare 

expenditures control for varying scopes of healthcare cuts, e.g. due to the financial crisis. 

Furthermore, outpatient expenditures and doctor consultations work as additional proxies 

for demand side factors and possible shifts to other sectors.  

For the main outcome hospital discharges, the coefficients remain stable in size and sign 

throughout all models. Thus, our estimation results seem robust to model alterations. The 

estimates for the structural growth effect 𝜌[𝐻𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑠] range from 0.019 to 0.037 and 

are significant at the 1-%-level across all models. This implies an additional growth in 

hospital discharges of at least 2% annually. We do not provide DID results for our other main 

outcome, average length of stay, because we do not consider the parallel trend assumption 

to hold (see discussion below).  

Regarding our secondary outcomes, the results are rather mixed. We find a small, positive 

effect on the number of hospital physicians in our baseline model. Following the addition of 

other controls, effect size and significance vary. We do not find any effects on nursing staff 

levels. Interestingly, the results consistently indicate, that the German DRG introduction had 

a negative effect on the population health status. However, additional analysis with 
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socioeconomic control variables, as e.g. unemployment rates, rendered the results 

insignificant.  

The validity of our DID estimates is conditional on the assumption that absent the German 

DRG-reform the outcomes would follow a common trend. Although this assumption itself is 

untestable, parallel pre-treatment trends can provide some reassurance. To this end, Figure 

A. 10 depicts an event-study-plot with estimated coefficients and 95% confidence intervals 

for our main and secondary outcomes. The underlying regression equation is given by 

𝑌𝑖𝑡 = 𝛼𝑖 + 𝛽𝑡 + 𝜌𝑡(𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 ∗ 𝑇𝑖𝑚𝑒𝑡) + 𝛾𝑋𝑖𝑡 + 𝜖𝑖𝑡 

where 𝛼𝑖  and 𝛽𝑡  refer to country and time fixed effects. (𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 ∗ 𝑇𝑖𝑚𝑒𝑡) refers to the 

interaction terms of treatment and time dummies. They replace the single treatment variable 

𝑍𝑖𝑡  and therefore lead to annual effect estimates 𝜌𝑡 .  The pre-intervention coefficients 

𝜌𝑡[𝑡<2005] for hospital discharges are close to zero and not statistically significant. This holds 

true for all secondary outcomes as well. While some pre-treatment point-estimates are 

different from zero and might hint at diverging pre-trends, the confidence intervals always 

cover the zero. For our second main outcome, the average length of stay, there are clear 

signs of differing pre-trends. We infer that we can support the parallel trends assumption for 

most outcomes; but it does not hold for the latter. 
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Table 4: DID – Estimated impact of the gDRG introduction 

 (1) (2) (3) (4) (5) (6) 

Outcome Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. 

Hospital 
Discharges 

0.0286*** 
(0.0047) 530 0.0194** 

(0.0069) 478 0.0230** 
(0.0067) 235 0.0328*** 

(0.0058) 500 0.0367*** 
(0.0063) 415 0.0289** 

(0.0089) 390 

Average Length 
of Stay             

Inpatient 
Expenditures 

0.0081. 
(0.0047) 394 0.0019 

(0.0048) 368 0.0035 
(0.0044) 198 0.0162** 

(0.0056) 394 0.0089 
(0.0063) 384 0.0030 

(0.0039) 360 

Hospital 
Physicians 

0.0087** 
(0.0030) 316 0.0075. 

(0.0040) 303 0.0009 
(0.0057) 171 0.0103** 

(0.0029) 306 0.0087* 
(0.0039) 254 0.0055 

(0.0041) 250 

Hospital Nurses -0.0004 
(0.0030) 314 -0.0010 

(0.0027) 301 -0.0046. 
(0.0022) 160 0.0020 

(0.0020) 304 -0.0002 
(0.0026) 252 -0.0001 

(0.0026) 248 

Life Expectancy -0.0010** 
(0.0003) 542 -0.0010* 

(0.0004) 480 -0.0010** 
(0.0003) 233 -0.0009* 

(0.0003) 513 -0.0012*** 
(0.0002) 423 -0.0014*** 

(0.0002) 394 

Potential Years of 
Life lost 

0.0069. 
(0.0034) 528 0.0041 

(0.0038) 475 0.0050* 
(0.0022) 222 0.0055. 

(0.0031) 509 0.0062* 
(0.0027) 417 0.0076* 

(0.0029) 388 

Stand. Death 
Rates 

0.0065** 
(0.0018) 545 0.0050* 

(0.0022) 487 0.0054*** 
(0.0013) 234 0.0052** 

(0.0015) 515 0.0075*** 
(0.0011) 423 0.0090*** 

(0.0011) 394 

Controls for:       
Baseline ✓ ✓ ✓ ✓ ✓ ✓ 
Hospital Beds  ✓ ✓   ✓ 
Private Hospital 
Beds   ✓   ✓ 
Healthcare 
Expenditure    ✓  ✓ 
Outpatient 
Expenditures     ✓ ✓ 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1.  
Notes: All estimates include country and year fixed effects, with outcomes and control variables in log form. Robust standard errors clustered at country level in 
brackets. Results for Average Length of Stay are not provided because we do not assume the parallel trend assumption to hold. 
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The event-study-analysis in Figure A. 10 is quite revealing in two additional ways. First, it 

underlines that the effect of the gDRG-introduction is dynamic. Instead of a sudden 

additive effect, it probably induced a structural trend break and should be better captured 

by our extended DID design. Second, it corroborates the findings of a delayed impact of 

the reform. Budgetary consequences only affected hospitals to varying degrees from 2005 

on. A transitional phase is expected therefore.  

5.2. b. Synthetic Control 

Table 5 summarizes the results of the SC approach. In contrast to DID, a continuous 

treatment variable 𝑍𝑖𝑡  is not feasible. The estimates are therefore average effect 

estimates. For a better comparison with the DID results in Table 4, we added an annual 

linear interpretation of the effect estimates.6 Inference is based on the conformal inference 

procedure from Chernozhukov et al. (2021). We estimated synthetic controls individually 

for each outcome and we provide the corresponding weights in the Appendix B (Table A. 

1). Additionally, we made use of a feature of the Augmented Synthetic Control from Ben-

Michael et al. (2021) and estimated a model with multiple outcomes used in the weighting 

algorithm at once.7 We restricted it to our two main outcomes in order to achieve a 

sufficient fit.  

In general, the results are – where significant – comparable in size and sign to DID. The 

estimated effect on hospital discharges is only insignificant in the multiple SC model (2) 

with additional covariates used in weighting. However, this model leads to a bad pre-

intervention fit. The estimates regarding our second main outcome, the average length of 

stay, are close to zero and insignificant. In contrast to DID, we do not find effects on the 

number of hospital physicians. 

The multiple outcomes approach results in a synthetic Germany composed of Czech 

Republic (50 %), Switzerland (21 %), Austria (15 %) and Norway (11 %). Due to 

Germany’s special characteristics with one of the oldest populations worldwide and a 

lavish supply of beds, a perfect fit is not possible (see Table 6). Depending on the outcome, 

unit weights and therefore the synthetic Germany vary (see Appendix B Table A. 1). 

                                            

6 Derived from the ATT under the assumption of linear effects. 
7 In which case inference is based on bootstraps. 
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Table 5: SC – Estimated impact of the gDRG introduction 

 (1) (2) 

 Outcome ATT Estimate 
approx.  
Annual  
Growth 

ATT Estimate 
approx.  
Annual  
Growth 

Single SC     

 Hospital Discharges 0.1300**  
(0.0080) 0.0247 0.1126*  

(0.0100) 0.0216 

 Average Length of Stay -0.0109  
(0.9380) -0.0022 -0.0052  

(1.0000) -0.0010 

 Inpatient Expenditures -0.0111  
(0.9400) -0.0022 -0.0391  

(0.9250) -0.0080 

 Hospital Physicians 0.0953  
(0.2060) 0.0184 0.1186  

(0.8730) 0.0227 

 Hospital Nurses -0.0150  
(0.4060) -0.0030 -0.1053  

(0.4330) -0.0220 

 Life Expectancy -0.0012**  
(0.0040) -0.0002 -0.0019.  

(0.0660) -0.0004 

 Potential Years of Life lost 0.0263*  
(0.0120) 0.0052 -0.0048*  

(0.0110) -0.0010 

 Stand. Death Rates 0.0344  
(0.1280) 0.0068 0.0198  

(0.1520) 0.0039 

Multi SC     

 Hospital Discharges 0.1023*  
(0.0419) 0.0197 0.0422  

(0.3211) 0.0083 

 Average Length of Stay -0.0378  
(0.7425) -0.0077 0.0019  

(0.9880) 0.0004 

Variables used in weight determination:   
Baseline ✓ ✓ 
Hospital Beds  ✓ 
Healthcare Expenditure  ✓ 
Outpatient Expenditures  ✓ 
*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Single SC: Outcome specific control group weights 
Multi SC: One set of control group weights across all outcomes. 
Notes: All estimates with outcomes and control variables in log form. P-values from the conformal inference 
procedure from Chernozhukov et al. (2021) are shown in brackets. An approximate interpretation of the ATT as 
(linear) annual growth was added for comparison with DID results. 
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Table 6: Comparison of Real and Synthetic Germany for t=2003 

Country Hospital 
Discharges 

Average 
Length of 

Stay 
GDP 

Share of 
population 

65+ 

Hospital 
Beds 

Average Idle 
Bed Capacity 

Germany 20,143.80 9.30 36,977.35 17.50 6.57 1.43 

Synthetic 
Germany 19,630.37 9.47 33,094.54 14.58 5.42 0.97 

Unweighted 
Average of 
Control Units 

15,225.09 7.11 32,186.56 14.44 4.19 0.94 

Notes: Weights based on Multi SC Model with Hospital Discharges and Average Length of Stay as outcomes and GDP per capita 
and share of population 65+ as controls. Hospital beds only shown for comparison purposes. All variables re-transformed from 
natural logarithm. 

 

5.3. c. Synthetic Difference-in-Differences 

Table 7 shows results for the Synthetic Difference-in-Differences approach. We restricted 

our estimations to the baseline control variables (GDP and share of population 65 plus). 

Since SDID needs balanced panel data, including additional control variables with 

fragmented availability would shrink the donor pool for control units prohibitively. SDID 

distributes weights across many countries. Across all outcomes, no country gets a weight 

higher than 20%. Time weights in contrast are very sparse. We provide the weights in the 

Appendix B Table A. 2.  

The estimates for our outcomes are similar in sign and size to our previous results. As 

described in the methods section, the confidence intervals are based on placebo 

evaluations (Arkhangelsky et al., 2021). It is likely that this method leads to rather large 

intervals. In our case, it leads to 95-%-confidence intervals always including the null. The 

effect for hospital discharges is significant only at the 10-%-level. Notwithstanding these 

limitations, the SDID approach broadly confirms our findings.  
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Table 7: SDID – Estimated impact of the gDRG introduction 

Outcome ATT Estimate 
approx.  
Annual  
Growth 

Hospital Discharges 0.1246.  
(0.0886) 0.0238 

Average Length of Stay -0.0270  
(0.0952) -0.0055 

Inpatient Expenditures 0.0501  
(0.1099) 0.0098 

Hospital Physicians 0.0492  
(0.0844) 0.0097 

Hospital Nurses -0.0268  
(0.0921) -0.0054 

Life Expectancy -0.0035  
(0.0050) -0.0007 

Potential Years of Life lost 0.0349  
(0.0606) 0.0069 

Stand. Death Rates 0.0222  
(0.0413) 0.0044 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Notes: All estimates with outcomes and control variables in log form. GDP per capita and 
share of population 65+ used as control variables. Standard errors from placebo-
evaluations in brackets. An approximate interpretation of the ATT as annual growth was 
added for comparison with DID results. 

 

5.4. Further robustness checks 

The sections above already include first robustness checks. As a comprehensive 

extension, we ran several additional checks. We focused on our main outcome, hospital 

discharges, since other estimates were inconclusive.  

We checked the robustness of our estimates by using different sets of control units as 

described in section 4.2 across all three methods. Generally, signs and sizes of the 

estimates remained similar. Excluding all countries with comprehensive ABF reforms from 

our control group, independent of timing, led to mostly higher effect sizes. Using only fixed 

budget countries led to volatile results due to the remaining small sample size. Especially 

SC was prone to a high volatility. SDID in contrast seemed more robust to variations 

because it spreads weights more equally by design (see Appendix Table A.4 ff. for results).  

Following the critique of Rambachan and Roth (2021) we also conducted a sensitivity 

analysis of our DID estimates to assess violations of the parallel trends assumption. The 

approach allows us to judge the validity of our results based on the observed worst-case 

violation in the pre-treatment period. The results are robust to roughly half the level of the 

maximal pre-treatment parallel trend violation (see Appendix Figure A. 11). We consider 

this sufficient since this maximal pre-treatment violation occurred several years before the 

intervention. Allowing for a non-linearity in the differential trend between Germany and the 

control countries that is about half the maximum observed in the pre-treatment period 
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would also render our DID results insignificant (see Appendix Figure A. 11 and Table 

A.13).  

For SC we estimated placebo effects for each control country as a placebo-in-space test. 

The change in Germany exceeds corresponding changes in all other countries (see Figure 

A. 12). This test statistic provides a placebo-p-value of 0.047 for SC. Germany also 

outranks the placebo treatments regarding the quality of fit, as the ratio of post- vs. pre-

treatment root mean square prediction error underlines (also in Figure A. 12).  

Placebo-in-time tests, i.e. bringing the reform forward to an earlier point in time, are 

generally difficult to conduct when limited data is available. Still, Figure A. 13 indicates, 

that our approach provides credible trajectories. Germany and its (synthetic) control only 

begin to diverge after the gDRG reform, despite backdating it to the year 2000. Repeating 

our analysis with postponed treatment timing (𝑡 = 2006 𝑎𝑛𝑑 2007) led to overall similar 

effect estimates with slightly higher annual values due to a shorter time span.  

After the application of several robustness checks and different methods, the main threat 

to the credibility of our results remains the presence of other systematic reforms within 

Germany, which could explain the sudden change in hospital activity. If there were further 

reforms with an impact on hospital activity, an attribution of the estimated effects to the 

DRG reform would not be possible. To rule out other external factors, mainly two other 

areas concerning the hospital sector have to be considered (Dubas-Jakóbczyk et al., 

2020): hospital governance or respective reforms in other sectors. The first dimension 

covers reforms with respect to hospital capacity, management and quality governance. 

The latter describes reforms in primary healthcare, long-term care or integrated care 

models.  

In Germany, federal states are responsible for hospital capacity planning. Most planning 

processes evolve around a mere update of historically derived bed numbers. In general, 

these algorithms only use a limited set of parameters within a Hill-Burton formula, such as 

the number of residents in a region or the frequency of hospitalizations. Activity based 

planning or quality requirements play, even today, a negligible if any role. Hospital 

governance reforms therefore cannot explain any variation, especially not of this size, in 

hospital activity. 

Regarding the relations with other sectors, a reform of the German outpatient payment 

system in 2007/2008 deserves some scrutiny. Until then, total outpatient remuneration 

(within the public health insurance system) was negotiated as capitation per insured 

person, covering all outpatient services within all specialties. Thus, additional services 

were financed by lowering the average value of every other service. With the overhaul of 

the payment mechanisms in 2007/2008 the remuneration changed to a morbidity-based 

system with (largely) fixed values for each activity. The declared goal was to shift the 

morbidity risk from physicians to sickness funds. In contrast to other countries (He & 

Mellor, 2012), this outpatient payment reform had no notable direct effect on hospitals in 

Germany since they provide almost exclusively inpatient services. However, changes in 
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the provision of outpatient services can also have indirect effects on hospitals, either via 

ambulatory care sensitive conditions (Purdy et al., 2009) or by changed referral patterns. 

The German outpatient reform was accompanied by significant additional funding and the 

– scarcely available – data shows no hint of decreasing outpatient activity (see figure A.2). 

It is therefore unlikely that it caused additional inpatient hospital activity in line with our 

estimations. 

Another possible event causing different trends among the considered countries could be 

the financial crisis 2007/2008 and the following European debt crisis. While these crises 

affected all countries including Germany – albeit to a different degree – and we control for 

GDP, we cannot completely rule out any influence. Some countries cut healthcare budgets 

significantly and the phased introduction of the gDRG system overlaps with these cuts. 

However, since our results are more driven by increases in hospital activity in Germany 

than by decreases in the control countries, a plausible channel through which the financial 

crises could have caused these changes is not apparent. Furthermore, first effects already 

become visible before the timing of the financial crisis. 

5.5. Summary 

For illustrative purposes, Figure 3 plots the results for our two main outcomes for all three 

methods.8 Overall, the results are comparable. All methods find unequivocal effects for 

hospital discharges. The results indicate that the gDRG introduction increased the number 

of hospital discharges by over 2% per year. For the average length of stay, we were not 

able to identify a consistent effect using SC and SDID while DID results are not credible 

due to differential pre-trends.  

Regarding the secondary outcomes, we find no or no unequivocal effects. Comparative 

plots are provided in the Appendix B. Conclusions regarding the in Germany intensely 

discussed physician and nursing staff levels are difficult due to limited pre-treatment data 

and – in the case of nursing staff – quite idiosyncratic trajectories. The downward trend in 

nursing staffing levels seems to have reversed after the gDRG introduction. However, any 

causal attributions are prohibited by data limitations. 

A closer look at the weights emphasizes the differences of our estimation approaches (see 

Appendix B Table A. 1 and Table A. 2). The optimization procedure of SC assigns zero 

weights to several control units. Therefore, the control group for one outcome can be very 

different from the control group for another outcome. Slight changes of the included 

covariates, the considered period or the weight optimization algorithm can lead to very 

different control unit weights. Thus, the results are highly responsive to small variations. 

SDID and DID in contrast use comparatively distributed respectively uniform weights and 

are therefore less affected by individual country comparisons. 

                                            

8 Without covariates because within the SDID framework from Arkhangelsky et al. (2021) they are incorporated by 
applying SDID to the residuals of the regression of Yit on Xi. Outcome trajectories are therefore not straightforward 
comparable in models with time-varying covariates. The corresponding weights are provided in the Appendix. 



 

27 

 

Figure 3: Illustrated impact of the gDRG introduction on main outcomes   
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6. Discussion 

With this study, we contribute to the surprisingly thin literature on system-wide effects of 

hospital payment schemes by investigating the effects of the introduction of DRGs in 

Germany. So far non-experimental, descriptive studies remain the most commonly used 

method for assessing effects of hospital financing. Therefore, recent reviews have 

highlighted the importance of quasi-experimental approaches (Valentelyte et al., 2021). 

Our study addresses this gap by applying recent econometric advances on a 

comprehensive reform.  

We use a country-level aggregate data set to compare the development of German 

hospital activity despite not having a control group in Germany itself. Due to this panel 

structure, we are able to control for underlying aggregate trends regarding economic and 

demographic variables as well as unobserved across-country influences. The case of 

Germany is particularly interesting for two reasons. First, it experienced one of the largest 

rises in hospital discharges among OECD and EU countries. Second, many countries 

implemented DRGs only partially, for certain aspects of hospital funding or restricted to 

individual regions. In contrast, the German DRG system is one of the most comprehensive 

implementations of activity based funding worldwide. It functions as sole pricing, billing 

and budgeting system and almost exclusively determines the turnover of hospitals.  

Our triple quasi-experimental estimation approach allows us to combine individual 

advantages of each method and to gauge an ensemble estimate. While all methods 

perform differently depending on the real data generating process, our results unanimously 

indicate that the gDRG reform steeply increased hospital discharges. We estimate a 

prolonged effect of approximately 2% annually, meaning that over our estimation period 

of 10 years discharges increased by more than 20% on a per capita basis. To put it into 

perspective: Based on the average case costs in 2005 and everything else being equal, it 

led to additional expenditures of over one billion Euro added on top of Germany’s hospital 

expenditures each year. Starting from an already very high level of hospital activity, the 

gDRG reform put an even stronger focus on inpatient care. This finding is somewhat 

contrary to previous studies of DRG reforms, which could not identify unequivocal 

evidence for an increased volume of care (Meng et al., 2020; Palmer et al., 2014). 

However, the majority of studies analyzed specific procedures and diagnosis and not a 

system-wide impact. Our results are robust across all models and methods. 

In contrast to some of the existing literature, we were not able to demonstrate any effects 

on the length of stay. While absence of evidence is no evidence for absence, following the 

theoretical incentive structure one would expect to find pronounced declines. 

Internationally, a majority of studies found such connections between DRGs and initial 

declines in length of stays (Koné et al., 2019; O'Reilly et al., 2012). However, the few 

studies for Germany often did not consider existing pre-trends (Lotter et al., 2014; Reinhold 

et al., 2009). Some previous research on the gDRG reform showed a strong correlation 

between the change in the number of cases and the change in the length of stay. Hospitals 
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with stronger decreases in the average length of stay experienced a particularly large 

number of additional cases (Schreyögg et al., 2014). Yet, the analysis was limited to data 

after the reform, unable to cover preexisting trends. For the closely related Swiss DRG 

reform Busato and Below (2010) did not find any impacts on the length of stay. Moreover, 

more recent studies on the gDRG introduction using quasi-experimental approaches found 

no overall effect on the length of stay either (Feess et al., 2019). Instead, the length of stay 

only changed for subsets of the population depending on patient and hospital 

characteristics.  

A probable reason for our somewhat unexpected finding is the high idle hospital capacity 

of Germany (see Table 3). Due to lavish technical resources, German hospitals did not 

have to reduce the length of stay in order to provide the economically induced increase in 

the number of discharges. Our results seem to suggest that the overall prevailing trend of 

shorter stays was sufficient to accommodate more patients.  

We also find less pronounced effects on population health and the number of hospital 

physicians. However, attributing these effects to the gDRG reform proves harder for two 

reasons. First, the results are not as robust. The effects on population health become 

insignificant when controlling for socioeconomic changes while the effects on hospital 

physicians are only significant within the DID framework under the parallel trends 

assumption. Second, the uptake of these effects coincides with probable alternative 

explanations. The effects on population health start after the financial crisis. Regarding 

hospital physicians and their working hours the European Court of Justice issued a 

judgement (C-151/02) of great importance in 2003; probably raising the number of 

physicians needed.  

We were not able to identify any effects on the nursing staffing level. An idiosyncratic 

trajectory in Germany and data limitations prohibited any attribution to the gDRG reform. 

Thus, this highly relevant question for Germany and probably other countries remains 

open for further research. 

Our study has several limitations. First, even on aggregate level only limited data is 

available for the considered period. Depending on the specific variable, data starts being 

available beginning mid-1990s. However, for many variables only few pre-intervention 

data exist, sometimes limited to selected countries. Therefore, data scarcity influences the 

choice of controls. Estimating counterfactuals based on a more comprehensive data set 

might have resulted in different estimates. On the other hand, the use of country-level data 

limits the extent to which low-level data errors data can affect estimation. Data quality 

issues might affect analysis on the level of individual hospitals or cases but are averaged 

out on country-level.  

Second, other unobserved factors might have influenced hospital activity in Germany and 

the control countries. We include different variables to control for time varying factors. 

However, there are limits to how far controlling is possible with aggregated data. Finally, 
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the construction of suitable control groups poses a limitation in itself. Our payment scheme 

classification is at least subject to certain interpretations.  

7. Conclusion 

Research on the effects of payment reforms is surprisingly thin. Our paper builds on an 

especially comprehensive payment scheme reform in Germany to reduce this gap. To the 

best of our knowledge, we provide the first cross-country empirical analysis of the German 

DRG-Introduction. Using aggregate panel data, we benefit from recent methodological 

advances and find a pronounced influence on hospital activity by strongly increased 

discharge numbers. Somewhat unexpectedly, we do not find any evidence for a shorter 

length of stay. Many countries introduced DRGs to enable additional hospital activity by 

decreasing the length of stay. In Germany however, the DRG reform targeted efficiency 

via shorter hospital treatment episodes as major goal itself, without the intention of 

increased hospital activity.  

Our results complement two different strands of literature. First, it adds to the ongoing 

policy discussion in Germany over the long-term effects of the gDRG reform. For German 

hospitals, DRGs are the almost exclusive source of revenue. That is why the changed 

financial incentives induced steeply increased hospital discharges. However, German 

hospitals are also equipped with high (idle) capacities, which presumably explains why the 

reform did not reduce the overall length of stay. Based on our results and judged only on 

an aggregate level, the gDRG reform failed to achieve one of its major goals.  

Second, our results also add to the overarching literature regarding the impact of activity 

based funding. Our evidence suggests that DRGs can lead to an increase in discharge 

rates but do not necessarily decrease the length of stay. Using quasi-experimental 

approaches on a comprehensive reform, our research adds relevant insights to the so far 

thin literature on system-wide effects of hospital financing. However, given the limitations 

of our study, these findings must still be interpreted with due caution. 

Overall, our results suggests that hospitals do indeed respond to incentives induced by 

payment scheme reforms and effects are visible even on a system-wide level. As a result, 

policy makers should carefully align desired changes with the incentives caused by 

payment mechanisms. There is a need of pre-specified and subsequently thoroughly 

evaluated policy goals. Moreover, policy makers should be cautious when transferring 

previously found effects to other jurisdictions. The introduction of DRGs in Germany 

underlines the possibility of unexpected consequences within a different context.  
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Appendix A – General  

Trajectory in Germany compared to Europe 

 

Figure A. 1: Curative care hospitalizations and length of stay. 

Source: OECD 2021 

 

Outpatient exposure 

 

Figure A. 2: Doctor’s consultation outside of hospital per capita in Germany 

Source: OECD 2021 
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Appendix B – Additional results  

SC country weights 

Table A. 1: SC - Weights for baseline model 
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CHE  0.68  0.16 0.06    0.21 

CYP          
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ESP    0.33 0.18     
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SDID country weights 

Table A. 2: SDID – Country weights for baseline model 
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SDID time weights 

Table A. 3: SDID – Time weights for baseline model 
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1994 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1995 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 

1996 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1997 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2001 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 

2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 

2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2004 0.95 0.97 1.00 0.92 1.00 1.00 1.00 0.63 

  



 

40 

Corresponding weights of Figure 3  

 

Figure A. 3: Corresponding weights of Figure 3 
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Graphical Illustration for Number of Hospital Nurses 

 

Figure A. 4: Estimated impact of the gDRG introduction on hospital nurses 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Graphical Illustration for Number of Hospital Physicians 

 

Figure A. 5: Estimated impact of the gDRG introduction on hospital physicians 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Graphical Illustration for Inpatient Expenditures 

 

Figure A. 6: Estimated impact of the gDRG introduction on inpatient expenditures 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Graphical Illustration for Life Expectancy 

 

Figure A. 7: Estimated impact of the gDRG introduction on Life Expectancy 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Graphical Illustration for Stand. Death Rates 

 

Figure A. 8: Estimated impact of the gDRG introduction on Standardized Death Rates 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Graphical Illustration for Potential Years of Life lost 

 

Figure A. 9: Estimated impact of the gDRG introduction on Potential Years of Life lost 

Notes: All calculations without covariates. In the upper half, overall effects are shown. Below, country-by-country 

outcome differences with weights indicated by dot size are plotted. The black horizontal line indicates the overall 

estimate.  
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Appendix C – Robustness Checks 

Event study plot – Parallel trends  

 

Figure A. 10: Event study plot for the DRG-introduction in Germany
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DID results without countries with ABF classification 

Table A.4: DID – Estimated impact of the gDRG introduction without countries with ABF classification 

 (1) (2) (3) (4) (5) (6) 
Outcome Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. 

Hospital 
Discharges 

0.0352*** 
(0.0065) 332 0.0276** 

(0.0092) 290 0.0302*** 
(0.0050) 140 0.0435*** 

(0.0070) 308 0.0459*** 
(0.0076) 261 0.0367** 

(0.0104) 238 

Average Length 
of Stay             

Inpatient 
Expenditures 

0.0155 
(0.0096) 243 0.0043 

(0.0080) 219 0.0078* 
(0.0030) 112 0.0241** 

(0.0079) 243 0.0217. 
(0.0106) 236 0.0101 

(0.0061) 214 

Hospital 
Physicians 

0.0131** 
(0.0032) 185 0.0151*** 

(0.0032) 172 0.0147. 
(0.0065) 93 0.0154*** 

(0.0028) 175 0.0194*** 
(0.0035) 141 0.0144** 

(0.0037) 137 

Hospital Nurses -0.0018 
(0.0058) 183 -0.0019 

(0.0057) 170 0.0045 
(0.0049) 82 0.0016 

(0.0043) 173 -0.0038 
(0.0034) 139 -0.0043 

(0.0030) 135 

Life Expectancy -0.0014** 
(0.0004) 344 -0.0016** 

(0.0004) 292 -0.0015*** 
(0.0002) 138 -0.0012* 

(0.0004) 321 -0.0011* 
(0.0004) 269 -0.0014*** 

(0.0003) 242 

Potential Years 
of Life lost 

0.0121** 
(0.0040) 330 0.0109* 

(0.0042) 287 0.0078** 
(0.0023) 127 0.0086* 

(0.0038) 317 0.0063 
(0.0041) 263 0.0086. 

(0.0041) 236 

Stand. Death 
Rates 

0.0096*** 
(0.0017) 347 0.0087*** 

(0.0019) 299 0.0068*** 
(0.0010) 139 0.0067** 

(0.0019) 323 0.0072** 
(0.0019) 269 0.0092*** 

(0.0016) 242 

Controls for:       
Baseline ✓ ✓ ✓ ✓ ✓ ✓ 
Hospital Beds  ✓ ✓   ✓ 
Private Hospital 
Beds   ✓   ✓ 
Healthcare 
Expenditure    ✓  ✓ 
Outpatient 
Expenditures     ✓ ✓ 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Notes: All estimates include country and year fixed effects, with outcomes and control variables in log form. Robust standard errors clustered at country 
level in brackets. Results for Average Length of Stay are not provided because we do not assume the parallel trend assumption to hold. Parallel pre-trends 
might not hold for alle estimated models. 
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DID results with fixed budget only classification 

Table A.5: DID – Estimated impact of the gDRG introduction with FB countries only 

 (1) (2) (3) (4) (5) (6) 
Outcome Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. 

Hospital 
Discharges 

0.0270 
(0.0157) 138 0.0180** 

(0.0047) 101 -0.0027 
(0.0109) 56 0.0317* 

(0.0105) 122 0.0539** 
(0.0139) 107 0.0202* 

(0.0055) 84 

Average Length 
of Stay             

Inpatient 
Expenditures 

0.0502** 
(0.0129) 109 -0.0006 

(0.0172) 87 -0.0051. 
(0.0015) 42 0.0256* 

(0.0075) 109 0.0473* 
(0.0130) 106 0.0062 

(0.0083) 84 

Hospital 
Physicians 

0.0104 
(0.0072) 89 0.0204** 

(0.0039) 76 0.0094 
(0.0070) 49 0.0187*** 

(0.0026) 79 0.0236** 
(0.0038) 64 0.0165* 

(0.0056) 60 

Hospital Nurses 0.0032 
(0.0108) 89 -0.0040 

(0.0068) 76 0.0147 
(0.0068) 49 0.0121*** 

(0.0017) 79 0.0060. 
(0.0030) 64 0.0022 

(0.0054) 60 

Life Expectancy -0.0002 
(0.0004) 154 -0.0007. 

(0.0003) 107 -0.0008 
(0.0004) 56 -6.61e-5 

(0.0004) 137 0.0004 
(0.0006) 115 -0.0006. 

(0.0002) 88 

Potential Years of 
Life lost 

0.0006 
(0.0040) 132 0.0053 

(0.0066) 94 0.0168* 
(0.0020) 43 0.0011 

(0.0042) 131 0.0008 
(0.0072) 109 0.0086 

(0.0073) 82 

Stand. Death 
Rates 

0.0023 
(0.0015) 149 0.0047. 

(0.0019) 106 0.0159** 
(0.0025) 55 0.0023 

(0.0021) 137 0.0008 
(0.0028) 115 0.0061* 

(0.0017) 88 

Controls for:       
Baseline ✓ ✓ ✓ ✓ ✓ ✓ 
Hospital Beds  ✓ ✓   ✓ 
Private Hospital 
Beds   ✓   ✓ 
Healthcare 
Expenditure    ✓  ✓ 
Outpatient 
Expenditures     ✓ ✓ 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Notes: All estimates include country and year fixed effects, with outcomes and control variables in log form. Robust standard errors clustered at country 
level in brackets. Results for Average Length of Stay are not provided because we do not assume the parallel trend assumption to hold. Parallel pre-trends 
might not hold for alle estimated models. 
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DID results with alternative classification 

Table A.6: DID – Estimated impact of the gDRG introduction with alternative classification 

 (1) (2) (3) (4) (5) (6) 

Outcome Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. Est. ρ Obs. 

Hospital 
Discharges 

0.0320*** 
(0.0053) 486 0.0231** 

(0.0079) 434 0.0206** 
(0.0064) 256 0.0363*** 

(0.0062) 462 0.0408*** 
(0.0064) 388 0.0331** 

(0.0094) 363 

Average Length 
of Stay             

Inpatient 
Expenditures 

0.0067 
(0.0051) 373 -9.73e-5 

(0.0057) 347 0.0046 
(0.0038) 219 0.0152* 

(0.0059) 373 0.0095 
(0.0059) 363 0.0030 

(0.0045) 339 

Hospital 
Physicians 

0.0096** 
(0.0031) 291 0.0072 

(0.0042) 278 0.0031 
(0.0047) 191 0.0119*** 

(0.0029) 281 0.0107* 
(0.0043) 248 0.0083. 

(0.0047) 244 

Hospital Nurses -0.0012 
(0.0036) 289 -0.0017 

(0.0027) 276 -0.0034 
(0.0023) 180 0.0032 

(0.0020) 279 0.0002 
(0.0030) 246 9.64e-5 

(0.0026) 242 

Life Expectancy -0.0009** 
(0.0003) 498 -0.0008* 

(0.0003) 436 -0.0010*** 
(0.0002) 254 -0.0009** 

(0.0003) 475 -0.0010*** 
(0.0003) 396 -0.0011*** 

(0.0002) 367 

Potential Years 
of Life lost 

0.0045 
(0.0037) 484 -0.0001 

(0.0041) 431 0.0048* 
(0.0020) 243 0.0042 

(0.0034) 471 0.0037 
(0.0029) 390 0.0044 

(0.0027) 361 

Stand. Death 
Rates 

0.0061** 
(0.0018) 501 0.0035 

(0.0026) 443 0.0056*** 
(0.0012) 255 0.0058*** 

(0.0012) 477 0.0063*** 
(0.0011) 396 0.0073*** 

(0.0009) 367 

Controls for:       
Baseline ✓ ✓ ✓ ✓ ✓ ✓ 
Hospital Beds  ✓ ✓   ✓ 
Private Hospital 
Beds   ✓   ✓ 
Healthcare 
Expenditure    ✓  ✓ 
Outpatient 
Expenditures     ✓ ✓ 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Notes: All estimates include country and year fixed effects, with outcomes and control variables in log form. Robust standard errors clustered at country 
level in brackets. Results for Average Length of Stay are not provided because we do not assume the parallel trend assumption to hold. Parallel pre-trends 
might not hold for alle estimated models. 



 

51 

SC results without countries with ABF 

Table A.7: SC - Estimated impact of the gDRG introduction without countries with ABF 

  (1) (2) 

 Outcome ATT Estimate 
approx.  
Annual  
Growth 

ATT Estimate 
approx.  
Annual  
Growth 

Single SC     

 Hospital Discharges 0.2295***  
(0.0000) 0.0422 0.4191*  

(0.0170) 0.0725 

 Average Length of Stay 0.0496  
(1.0000) 0.0097 0.1507  

(1.0000) 0.0285 

 Inpatient Expenditures 0.0796  
(0.9950) 0.0154 0.0545  

(0.9740) 0.0107 

 Hospital Physicians 0.1033  
(0.2510) 0.0198 0.2208  

(0.2140) 0.0407 

 Hospital Nurses -0.0187  
(0.1220) -0.0038 -0.1556  

(0.1030) -0.0333 

 Life Expectancy -0.0064  
(0.5580) -0.0013 0.0003  

(0.9180) 0.0001 

 Potential Years of Life lost 0.0377*  
(0.0390) 0.0074 -0.0567*  

(0.0470) -0.0116 

 Stand. Death Rates 0.0348  
(0.1900) 0.0069 0.0007  

(0.7390) 0.0001 

Multi SC     

 Hospital Discharges 0.1810  
(0.5342) 0.0338 0.1691***  

(0.0000) 0.0317 

 Average Length of Stay 0.1709***  
(0.0000) 0.0321 0.1646***  

(0.0000) 0.0309 

Variables used in weight determination:   
Baseline ✓ ✓ 
Hospital Beds  ✓ 
Healthcare Expenditure  ✓ 
Outpatient Expenditures  ✓ 
*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Single SC: Outcome specific control group weights 
Multi SC: One set of control group weights across all outcomes. 
Notes: All estimates with outcomes and control variables in log form. P-values from the conformal inference 
procedure from Chernozhukov et al. (2021) are shown in brackets. An approximate interpretation of the ATT as 
(linear) annual growth was added for comparison with DID results. 
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SC results with fixed budget only classification 

Table A.8: SC - Estimated impact of the gDRG introduction with Fixed Budget 

  (1) 

 Outcome ATT Estimate 
approx.  
Annual  
Growth 

Single SC   

 Hospital Discharges 0.4956***  
(0.0000) 0.0838 

 Average Length of Stay 0.2628  
(1.0000) 0.0478 

 Inpatient Expenditures 0.0825  
(0.8700) 0.0160 

 Hospital Physicians 0.1389*  
(0.0390) 0.0264 

 Hospital Nurses -0.1054  
(0.8890) -0.0220 

 Life Expectancy -0.0014  
(0.5810) -0.0003 

 Potential Years of Life lost 0.0196  
(0.1340) 0.0039 

 Stand. Death Rates 0.0179  
(0.6660) 0.0036 

Multi SC   

 Hospital Discharges 0.5422***  
(0.0000) 0.0905 

 Average Length of Stay 0.3123***  
(0.0000) 0.0559 

Variables used in weight determination:  
Baseline ✓ 
*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Single SC: Outcome specific control group weights 
Multi SC: One set of control group weights across all outcomes. 
Notes: All estimates with outcomes and control variables in log form. P-values from the conformal inference 
procedure from Chernozhukov et al. (2021) are shown in brackets. An approximate interpretation of the ATT as 
(linear) annual growth was added for comparison with DID results. 
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SC results with alternative classification 

Table A.9: SC - Estimated impact of the gDRG introduction with alternative classification 

 (1) (2) 

 Outcome ATT Estimate 
approx.  
Annual  
Growth 

ATT Estimate 
approx.  
Annual  
Growth 

Single SC     

 Hospital Discharges 0.1321**  
(0.0080) 0.0251 0.1263**  

(0.0070) 0.0241 

 Average Length of Stay -0.0102  
(0.9370) -0.0020 -0.0083  

(1.0000) -0.0017 

 Inpatient Expenditures 0.0690  
(0.8580) 0.0134 -0.0356  

(0.9380) -0.0072 

 Hospital Physicians 0.1024  
(0.5540) 0.0197 0.1190  

(0.8840) 0.0227 

 Hospital Nurses -0.0333  
(0.3570) -0.0068 -0.1061  

(0.4140) -0.0222 

 Life Expectancy -0.0012*  
(0.0100) -0.0002 -0.0017.  

(0.0580) -0.0003 

 Potential Years of Life lost 0.0263*  
(0.0120) 0.0052 -0.0054**  

(0.0080) -0.0011 

 Stand. Death Rates 0.0346  
(0.1230) 0.0068 0.0192  

(0.1610) 0.0038 

Multi SC     

 Hospital Discharges 0.1020*  
(0.0417) 0.0196 0.0421  

(0.3742) 0.0083 

 Average Length of Stay -0.0368  
(0.7460) -0.0075 -0.0005  

(0.9973) -0.0001 

Variables used in weight determination:   
Baseline ✓ ✓ 
Hospital Beds  ✓ 
Healthcare Expenditure  ✓ 
Outpatient Expenditures  ✓ 
*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Single SC: Outcome specific control group weights 
Multi SC: One set of control group weights across all outcomes. 
Notes: All estimates with outcomes and control variables in log form. P-values from the conformal inference 
procedure from Chernozhukov et al. (2021) are shown in brackets. An approximate interpretation of the ATT as 
(linear) annual growth was added for comparison with DID results. 
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SDID results without countries with ABF classification 

Table A.10: SDID - Estimated impact of the gDRG introduction without countries with 
ABF classification  

Outcome ATT Estimate 
approx.  

Annual  

Growth 

Hospital Discharges 
0.1030.  

(0.0718) 0.0198 

Average Length of Stay 
-0.1032  

(0.0891) -0.0215 

Inpatient Expenditures 0.0424  

(0.2173) 
0.0083 

Hospital Physicians 
0.0814  

(0.0660) 0.0158 

Hospital Nurses 
-0.0359  

(0.1447) -0.0073 

Life Expectancy -0.0036  

(0.0050) 
-0.0007 

Potential Years of Life lost 0.0456  

(0.0705) 
0.0089 

Stand. Death Rates 
0.0252  

(0.0390) 0.0050 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 

Notes: All estimates with outcomes and control variables in log form. GDP per capita and share of population 65+ used as control 

variables. Standard errors from placebo-evaluations in brackets. An approximate interpretation of the ATT as annual growth was 

added for comparison with DID results. 
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SDID results with fixed budget only classification 

Table A.11: SDID - Estimated impact of the gDRG introduction with Fixed Budget 

Outcome ATT Estimate 
approx.  

Annual  

Growth 

Hospital Discharges 
0.1098  

(0.1848) 0.0211 

Average Length of Stay 
-0.1075*  

(0.0567) -0.0225 

Inpatient Expenditures 0.0550  

(0.3307) 
0.0108 

Hospital Physicians 
0.0454  

(0.1124) 0.0089 

Hospital Nurses 
0.0048  

(0.1701) 0.0009 

Life Expectancy -0.0059.  

(0.0043) 
-0.0012 

Potential Years of Life lost 0.0574  

(0.0585) 
0.0112 

Stand. Death Rates 
0.0247  

(0.0199) 0.0049 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 

Notes: All estimates with outcomes and control variables in log form. GDP per capita and share of population 65+ used as control 

variables. Standard errors from placebo-evaluations in brackets. An approximate interpretation of the ATT as annual growth was 

added for comparison with DID results. 
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SDID results with alternative classification 

Table A.12: SDID - Estimated impact of the gDRG introduction with alternative 
classification 

Outcome ATT Estimate 
approx.  
Annual  
Growth 

Hospital Discharges 0.1068  
(0.1013) 0.0205 

Average Length of Stay -0.0368  
(0.0924) -0.0075 

Inpatient Expenditures 0.0137  
(0.2035) 0.0027 

Hospital Physicians 0.0470  
(0.0731) 0.0092 

Hospital Nurses -0.0286  
(0.1089) -0.0058 

Life Expectancy -0.0031  
(0.0042) -0.0006 

Potential Years of Life lost 0.0338  
(0.0548) 0.0067 

Stand. Death Rates 0.0251  
(0.0468) 0.0050 

*** p < 0.001, ** p < 0.01, * p < 0.05, . p < 0.1. 
Notes: All estimates with outcomes and control variables in log form. GDP per capita and share of population 65+ used as control 
variables. Standard errors from placebo-evaluations in brackets. An approximate interpretation of the ATT as annual growth was 
added for comparison with DID results. 
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Deviation from parallel trends 

  

Figure A. 11: Sensitivity analysis for parallel trends - hospital discharges. 

Notes: Estimate for t = 2010. See Rambachan and Roth (2021) for more information regarding setup and interpretation. 

Deviation from linear trends 

Table A.13: Sensitivity for deviation from linear trend 

lb ub method Delta Mbar 

0.1515 0.2525 C-LF DeltaSDRM 0.0000 

-0.0909 0.5152 C-LF DeltaSDRM 0.5000 

-0.3737 0.7980 C-LF DeltaSDRM 1.0000 

-0.6364 1.0000 C-LF DeltaSDRM 1.5000 

-0.9394 1.0000 C-LF DeltaSDRM 2.0000 

Notes: Estimate for t = 2010. See Rambachan and Roth (2021) for 

more information regarding setup and interpretation. 

 

.
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Placebo-in-space test for Hospital Discharges 

 

Figure A. 12: Placebo-in-space test for Hospital Discharges 

Notes: Only countries with less than five times Germany’s pre-treatment fit (RMSPE) are plotted below.  
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Placebo-in-time for Hospital Discharges 

 

Figure A. 13: Placebo-in-time test for hospital discharges. Treatment assigned to t=2000. 
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Supporting Information 

Hospital payment scheme classification 

In order to investigate the effects of the gDRG reform, we constructed - in analogy to 

Moreno-Serra and Wagstaff (2010) and Wubulihasimu et al. (2016) - a data set describing 

the predominant hospital payment schemes for selected OECD and EU member states 

from 1994 to 2015. All European OECD countries, Australia, Canada and New Zealand as 

well as EU member states at the timing of the reform (2004) are included. Thereby our 

selection covers developed countries with in general comparable levels of healthcare to 

Germany. This appendix provides more details towards the classification and the 

underlying sources. 

General classification 

In a first step to classify hospital payment schemes, we created two basic categories with 

opposite incentive structures: Fixed budgets (FB) or activity based funding (ABF). A 

country is classified as FB in a given year if budgets or block grants are the predominant 

form of hospital funding. In this case, hospital revenues are mainly pre-determined 

depending on provider characteristics like hospital size or range of care. In contrast, a 

country was classified as activity based funding if hospitals are paid according to the 

characteristics of admitted patients or activities. This includes per case and DRG-based 

methods as well as fee-for-service.  

A major obstacle is that in many countries hospital reimbursement schemes have been 

introduced only gradually or only partially. Thereby ABF often only affects a fraction of 

hospital budgets (e.g. Denmark), is limited to certain hospitals and regions (e.g. Finland 

and Sweden) or is used for budgeting but not for actual billing processes (e.g. Ireland). 

However, the incentive structure in payment systems with strict adherence to ABF differs 

from the structure in systems, where ABF is one among many payment methods. Within 

mixed systems, no clear incentive structure might be in place at all. This can be even 

intentional since countries can balance contradicting incentives this way.  

To incorporate this line of thought into our classification, we introduced a mixed funding 

category. We narrowed the definition of ABF to systems where ABF is the predominant 

way of billing hospital care. This mode of payment must apply to the majority of acute care 

hospitals nationwide. Systems, which use ABF only partially or mainly for budgeting 

purposes, were classified as mixed funding. In contrast, a global healthcare or hospital 

care budget does not necessarily lead to a classification as mixed funding because the 

incentive structure at the hospital level should not be significantly affected. In e.g. Hungary 

DRGs are used for billing purposes but the cost weight is not fixed because of a global 

budget. But since an individual hospital has no influence over the activity of other hospitals, 

the theoretic incentives of increased activity and efficiency are still in place (Kroneman & 

Nagy, 2001). 



 

61 

Main source of information for the classification is the World Health Organization’s Health 

System in Transition series (HiT) and the OECD Health Systems Characteristics Survey 

(Busse et al., 2011; OECD, 2016; Paris et al., 2010; WHO, 2021). We primarily screened 

the “Payment mechanisms” section of the HiT series and used additional sources where 

the HiT lacked information. Country specific literature is referenced in Table A. 14.  

Our assignment is – as the classification as a whole – not straightforward. This payment 

scheme classification is at least subject to certain interpretations. Most countries use 

several methods in parallel. The proportion of the individual schemes is often unclear. 

Moreover, when payment scheme reforms are gradually implemented, there is ambiguity 

regarding the starting time of the reform. We therefore included alternative classifications 

for some countries for robustness checks. 

Table A. 14: Hospital payment scheme classification 

Country Remarks and Additional Data Sources Main 

Classification 

In 
CG 

Alternative 

classification  

In 
CG 

Australia Hospitals were mainly financed through 
prospective global budgets. In 1993, 
Victoria and South Australia started 
adopting case-mix DRG systems for 
budget allocation. Nationwide 
implementation started in 2012. Since 
2014 it is used for billing, before mainly for 
budgeting purposes. (Hilless & Healy, 
2001; Parliamentary Library, 2016) 

mix 1994 - 2013 

ABF 2014 - 2015 

x   

Austria Hospitals were mainly financed through 

prospective global budgets. In 1997, a 

DRG-based system called 

‘Leistungsorientierte 

Krankenhausfinanzierung’ (LKF) was 

introduced. Austria uses this DRG like 

system nationwide (for >70% of revenues), 

regional adjustments are possible (on 

average 30%) and the shares vary widely 

between the states from approx. 15-50 % 

leading substantial to price variation. 

(Theurl, 2015) 

FB 1994-1996 

ABF 1997-2015 

x FB 1994-1996 

Mixed 1997-2015 

x 

Belgium Hospitals are financed by complex budget 

allocations consisting of several items. 

Prior to 2001 this budget distribution was 

partly based on cost comparison. DRGs 

were introduced in 1994, but are used for 

some aspects of budget allocation only 

since 2002. There are no direct DRG 

Payments. (Gerkens & Merkur, 2010; 

Stephani et al., 2018) 

FB 1994-2001 

Mixed 2002-2015 

x FB 1994-2015 

 

x 

Canada Payments are generally are based on the 

previous year’s allocation adjusted for 

inflation and budget growth. 2010 ABF was 

partially introduced in British Columbia. 

The ABF program re-directed up to 20% of 

FB 1994-2015 

 

x FB 1994-2009 

Mixed 2010-2015 

x 
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global budget funding to a case mix 

adjusted per case payment, replacing a 

portion of global budget’s funding. 

(Marchildon et al., 2020; Sutherland et al., 

2016; Sutherland & Repin, 2014) 

 

Cyprus Hospitals are financed through historic 

global budgets. FFS only in private sector; 

DRGs introduced in 2019. (Theodorou et 

al., 2012) 

FB 1994-2015 

 

x   

Czech 

Republic 

From 1993 to mid-1997 a FFS system was 

partially used for hospital reimbursement. 

Afterwards a prospective global budget 

was the main source of financing for most 

years. The share of hospital care paid 

through DRG based case payments 

gradually increased from its introduction in 

2007. In 2012 it was the main 

reimbursement mechanism for hospitals. 

In 2015, the Czech Republic stopped 

financing hospital care based on DRGs 

completely and returned temporarily to flat 

fees. (Bryndová et al., 2009; Kotherová et 

al., 2021) 

Mixed 1994-1996 

FB 1997-2011, 

2015 

ABF 2012-2014 

 

x Mixed 1994-2011 

FB 2015 

ABF 2012-2014 

 

x 

Denmark In Denmark, hospital budgets are partially 

determined based on ABF, while they also 

depend on annually negotiated global 

budgets. In 1999 after the introduction of 

DRGs 10% of budget was allocated by 

ABF, in 2008 the mandatory share was set 

to 50%. Since 2015, value based 

procurement becomes more important. 

(Christiansen & Vrangbæk, 2018; Street, 

A., Vitikainen, K., Bjorvatn, A. and 

Hvenegaard, A., 2007)  

Not in control group for comprehensive 

hospital reform. 

FB 1994-1999 

Mixed 2000-2015 

 FB 1994-1999 

Mixed 2000-2007 

ABF 2008-2015 

 

Estonia Fee-for-service and per diem system 

within a hard global budget was used until 

2003. In 2003, the DRG system was 

introduced for case grouping. From 2004 

on the NordDRG system became 

operational in combination with other 

payment methods. The proportion of DRG 

payment was gradually raised from 10% in 

2004 to 70% in 2009. (Bredenkamp et al., 

2020; Estonian Health Insurance Fund, 

2009; Lai et al., 2013; Mathauer & 

Wittenbecher, 2013) 

Mix 1994-2007 

ABF 2008-2015 

   

Finland Region specific budgets are used to 

finance hospitals. Often NordDRG based 

methods are used for invoicing to 

municipalities. (Keskimäki et al., 2019; 

Mikkola, 2003; Stig & Paulsson Lütz, 2013) 

Mixed 1994-2015 x   
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France Global budgets were mainly used for 

hospital financing before 2004, at least for 

public hospitals. DRGs were introduced in 

2004/2005. In 2010 56% of total hospital 

expenditures were covered by the DRG-

based payment. (Chevreul et al., 2015; 

Stephani et al., 2018; van de Voorde et al., 

2013) 

FB 1994-2003 

ABF 2004-2015 

 FB 1994-2003 

Mixed 2004-2015 

x 

Germany From 1993 on reimbursement with 

prospective fixed budgets (before full cost 

compensation). In 2004 change to DRG 

system. (Blümel et al., 2020) 

FB 1994-2003 

ABF 2004-2015 

   

Greece Until 2010, hospitals were payed within a 

retrospective per diem system under a 

global budget. Government compensated 

deficits periodically. German DRG system 

was implemented from 2011 on. 

(Economou et al., 2017; Polyzos et al., 

2013) 

Mixed 1994-2010 

ABF 2011-2015 

x   

Hungary DRGs were introduced as early as 1993. 

However, DRGs are not used as fixed 

payment units. Instead prices of DRGs 

vary with budget utilization. (Endrei et al., 

2014; Gaál et al., 2011; Kroneman & 

Nagy, 2001) 

ABF 1994-2015 x Mixed 1994-2015 x 

Iceland Since the 1980s, Iceland uses mainly a 

fixed budget. The NordDRG System has 

been in use in Iceland since 2001 but 

DRGs are mainly used for hospital internal 

distribution of the budget to departments. 

(Stig & Paulsson Lütz, 2013) 

FB 1994-2015 x   

Ireland Ireland predominately uses historic 

budgets for hospital financing. In 2001, a 

full phased implementation of ABF for 

financing was announced. However, in 

2021 budget allocation was still only 

partially based on ABF for some hospitals. 

(Health Service Executive, 2021; McDaid 

et al., 2009; McElroy & Murphy, 2014) 

FB 1994-2015 x FB 1994-2000 

ABF 2001-2015 

 

Italy Hospitals were predominately reimbursed 

by fixed budgets. DRGs were introduced in 

1995, but the degree of use varies strongly 

in regions. Moreover, budgets for specific 

care services (e.g. emergency services, 

oncology treatments, hospital-teaching 

activities) are not based on DRG tariffs but 

are paid on the basis of global budgets. 

Focus on ABF has faded recently. (Anessi-

Pessina et al., 2019; Cantù et al., 2011; 

Ferré et al., 2014) 

FB 1994 

Mixed 1995-2015 

x FB 1994 

ABF 1995-2015 
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Latvia Until 2010 Latvia used a mix of case-

based payments and per diem payment, 

afterwards fixed budgets were 

implemented. DRGs were implemented 

starting 2014, but the role is limited. 

(Behmane et al., 2019; Dubas-Jakóbczyk 

et al., 2020) 

Mixed 1994-2009, 

2015 

FB 2010-2014 

x   

Lithuania Hospitals were paid for admitted patients 

according to major specialty. DRG-based 

payments were introduced in 2012. 

(Murauskiene et al., 2013) 

Mixed 1995-2011 

ABF 2012-2015 

x   

Luxembourg Hospital are funded by global budgets. 

(Berthet et al., 2015) 

FB 1994-2015 x   

New Zealand Public hospitals receive an annual budget. 

(Cumming et al., 2014) 

FB 1994-2015 x   

Netherlands Hospitals were predominately reimbursed 

by fixed budgets. In 2001 change to FFS 

and in 2005 first adoption of DRG-like 

system (DBCs); by 2008 about 20% of 

hospital costs were reimbursed by DBCs 

payment. 2012 fundamental changes and 

stronger emphasis on DBCs. (Krabbe-

Alkemade et al., 2017; Kroneman et al., 

2016; Schut & van de Ven, 2005) 

FB 1994-2000 

Mixed 2001-2011 

ABF 2012-2015 

x FB 1994-2000 

Mixed 2001-2004 

ABF 2005-2015 

 

Norway Hospital financing changed in 1997 from 

fixed budgets to a mixed financing system 

with budgets and case-based payments. 

(Sperre Saunes et al., 2020; Stig & 

Paulsson Lütz, 2013). 

FB 1994-1996 

Mixed 1997-2015 

x   

Poland Until 1999 historical budgets were used for 

hospital funding, afterwards hospital 

payment was based on an activity based 

catalog. DRGs were implemented as 

nationwide hospital financing system in 

2009. However, for some parts of hospital 

care they are only used to calculate 

biannual lump sum payments. 

(Czach et al., 2011; Moreno-Serra & 

Wagstaff, 2010; Sowada et al., 2019) 

FB 1994-1999  

Mixed 2000-2008 

ABF 2009-2015 

 FB 1994-1999  

Mixed 2000-2015 

 

x 

Portugal The NHS funds inpatient care through 

global budgets. Between 1997 and 2002 

funding through DRGs gradually 

increased. Since 2003 it represents around 

75–85% of NHS hospitals’ inpatient 

budget. DRGs are used for budget 

allocation, not payments. (Simões et al., 

2017) 

FB 1994-1996 

Mixed 1997-2015 

x FB 1994-1996 

ABF 1997-2015 

 

Slovak 

Republic 

From 1993 to 2000, several distinct 

payment mechanism followed in short 

order. Since 2001, hospitals are funded 

through several channels, case payments 

grouped by departments and hospitals, 

Mixed 1994-1999 

FB 2000-2001 

Mixed 2002-2015 

x   
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Fee-for-service and per diem payments. 

DRG implementation started 2016. 

(Smatana et al., 2016) 

Slovenia Hospital payment is based on provider 

budgets. Since 2003, DRG case payments 

were gradually introduced into budget 

negotiations. (Albreht et al., 2021) 

FB 1994-2002 

Mixed 2003-2015 

x FB 1994-2002 

ABF 2003-2015 

 

Spain Hospitals are primarily financed by global 

budgets. Regional (especially Catalonia) 

use of DRG for budget allocation. DRGs 

are also used for regional balance 

payments. (Bernal-Delgado et al., 2018) 

FB 1994-2015 x   

Sweden Before 2002, Sweden used fixed budgets 

as main hospital payment scheme. In 

2002, hospitals introduced case payments 

based on DRGs as partial aspect of 

payment. Budget allocation methods differ 

between regions and global budgets still 

have a major role. (Anell et al., 2012) 

FB 1994-2001 

Mixed 2002-2015 

x FB 1994-2001 

ABF 2002-2015 

 

Switzerland Before reform in 2012 hospitals received 

per diem payments combined with fixed 

budgets. In general, Swiss hospital funding 

is subject to large regional variations. 

Nationwide Swiss-DRG started in 2012, 

before there were regional DRG 

implementations starting in 2003 (mainly 

related to budget only). (Busato & Below, 

2010; Pietro et al., 2015) 

Mixed 1994-2004 

ABF 2012-2015 

x   

United 

Kingdom 

(England) 

Before 2003, hospitals were mainly paid by 
annual fixed budgets. A DRG system was 
introduced in 2003 and became 
operational in 2005. (Cylus et al., 2015; 
van de Voorde et al., 2013) 
 

FB 1994-2004 

ABF 2005-2015 

   

CG = Control Group 
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Data collection process 

We use unbalanced country-level panel data from OECD sources, complemented by data 

from Eurostat (Eurostat, 2021; OECD, 2021) and for some economic indicators from the 

World Bank (World Bank, 2021).  

Our main outcomes of interest concern the hospital activity and efficiency. Due to the 

limited nature of aggregate data, we use hospital discharges and the average length of 

stay as outcome variables. Secondary outcome variables concern hospital resources and 

expenditures as well as population health status. We use inpatient expenditures but the 

data availability and quality is poor for the considered period. We further use the number 

of physicians and nurses employed by hospital for some additional analysis since it is an 

intensive point of discussion in Germany. However, the data quality and availability is 

rather poor as well. As indicators for the overall population health status we use 

standardized all cause death rates, life expectancy and potential years of life lost (PYLL). 

For some of our variables multiple closely related definitions exist. They differ e.g. with 

respect to the types of considered hospitals (curative vs. rehabilitative) or in the unit of 

measurement (full time equivalents vs. head counts). We chose a main definition for each 

variable. When this definition was not available for a country or when it covered only a 

small period, we complemented data using closely related definitions with richer data. E.g. 

instead of curative care discharges we used inpatient discharges for some countries. See 

Table A. 15 for an overview of the definitions and the countries where additional data 

definitions were used. Data for Cyprus was added from Eurostat.  

Due to our described data collection process, data definitions can slightly differ between 

countries but they do not differ over time within a country. This approach is suitable for two 

reasons. First, country level data regularly contain country-specific deviations from the 

main definition. Thus, the additional variation induced by using closely related data 

definitions seems acceptable. Second, since the focus of our analyses are differences 

over time, varying data definitions – across countries but not over time – should not bias 

the results.   
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Table A. 15: Data definitions 

Variable Data definition  

Hospital discharges 

per 100 000 inhabitants 

Main:  

 Curative (acute) care discharges (HEALTH_PROC) 

Additional:  

 Inpatient care discharges (All hospitals) (CZE, DNK, LUX, POL) 

(HEALTH_PROC) 

 All causes discharges - Hospital discharges by diagnostic categories (AUS, NLD) 

(HEALTH_PROC) 

 Hospital discharges for curative care (Eurostat) 

Average length of stay Main:  

 Curative care average length of stay (HEALTH_PROC) 

Additional:  

 Inpatient care average length of stay (All hospitals) - (AUS, CZE, DNK, ISL, 

NOR) (HEALTH_PROC) 

 Average length of stay for inpatient care (Eurostat) 

Share of population 

65+ 

Main: 

 Population 65 years old and over as percent of total population 

(HEALTH_DEMR) 

Additional:  

 Proportion of population aged 65 years and more (Eurostat) 

GDP per capita Main:  

 GDP per capita, PPP (constant 2011 international $) (World Bank) 

Additional: 

 None 

Inpatient Expenditures Main: 

 Inpatient curative and rehabilitative care expenditures (HC11HC21) for all 

healthcare providers (HPTOT) per capita, constant prices, constant PPPs, 

OECD base year (SHA) 

Additional: 

 Inpatient curative and rehabilitative care expenditures (HC11_21) for all 

healthcare providers (TOTAL) PPS per inhabitant (Eurostat) 

Outpatient 

Expenditures 

Main: 

 Outpatient curative and rehabilitative care expenditures (HC13HC23) for all 

providers (HPTOT) per capita, constant prices, constant PPPs, OECD base 

year (SHA) 

Additional: 

 Outpatient curative and rehabilitative care expenditures (HC13_23) for all 

providers (TOTAL) PPS per inhabitant (Eurostat) 
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Hospital Expenditures Main: 

 All healthcare expenditure (HCTOT) for all hospitals (HP1) per capita, constant 

prices, constant PPPs, OECD base year (SHA) 

Additional: 

 All healthcare expenditure (TOT_HC) for all hospitals (HP1) PPS per inhabitant 

(Eurostat) 

Healthcare 

Expenditures 

Main: 

 All healthcare expenditure (HCTOT) for all providers (HPTOT) per capita, 

constant prices, constant PPPs, OECD base year (SHA) 

Additional: 

 All healthcare expenditure (TOT_HC) for all providers (TOTAL) PPS per 

inhabitant (Eurostat) 

Hospital physicians 

and nursing 

professional (including 

associates) per 1 000 

inhabitants 

Main:  

 Total hospital employment in full time equivalents (HEALTH_REAC) 

Additional: 

 Total hospital employment in head counts (CAN, DNK, ESP, GRC, ITA, LVA, 

NLD, POL, POR, SVN) (HEALTH_REAC) 

 Health personnel employed in hospital in head counts (Eurostat) 

Hospital beds per 

1 000 inhabitants 

Main:  

 Curative (acute) care beds (HEALTH_REAC) 

Additional:  

 Total hospital beds: (AUS, GBR, GRC, POR) 

 Available beds in hospitals (Eurostat) 

Private hospital beds 

per 1 000 inhabitants 

Main:  

 Beds in for profit privately owned hospitals (HEALTH_REAC) 

Additional: 

 Hospital beds by hospital ownership – for profit private ownership (Eurostat) 

Bed occupancy rate 

and idle bed capacity 

Main:  

 Curative (acute) care occupancy rate (HEALTH_PROC) 

Additional:  

 Curative care bed occupancy rate (Eurostat) 

 

Idle bed capacity = [1- bed occupancy rate] * hospital beds 

Life Expectancy at 

birth / at 65 

Main:  

 Life expectancy total population at birth / at 65 (HEALTH_STAT) 

Additional: 

 Life expectancy in the age class “less than one year” / 65 (Eurostat) 

Stand. Death Rates per 

100 000 inhabitants 

Main:  

 All causes of death per 100 000 population (standardized rates) 

(HEALTH_STAT) 

Additional: 

 Standardized death rate for the total of ages (Eurostat) 
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Potential years of life 

lost per 100 000 

inhabitants 

Main:  

 Potential years of life lost - years lost per 100 000 population aged 0 to 75 

(HEALTH_STAT) 

o All causes 

Additional: 

 None 

Unemployment rate Main: 

 Unemployment, total (% of total labor force) (modeled ILO estimate) (World 

Bank) 

Additional: 

 None 

Outpatient 

Consultations 

Main: 

 Doctors consultations in all settings per capita [all settings do not include 

inpatient] (HEALTH_PROC) 

Additional: 

 Consultation of a medical doctor (in private practice or as outpatient) per inhabitant 

(Eurostat) 

Missing data was - where justifiable - imputed using time series imputation (Moritz & Bartz-

Beielstein, 2017). We considered a period of maximum three missing years to be justifiable 

for imputation. The following figures exemplify data availability and imputed data points.  
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Figure A. 14: Data availability for outcomes – Part 1 
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Figure A. 15: Data availability for outcomes – Part 2 
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Figure A. 16: Data availability for control variables  
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