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ABSTRACT In this study, aggregate-level panel data from 20 Organization for Economic Cooperation and Development countries over three decades (1980-2009) were used to investigate the impact of hospital payment reforms on healthcare output and mortality. Hospital payment schemes were classiﬁed as ﬁxed-budget (i.e. not directly based on activities), fee-for-service (FFS) or patient-based payment (PBP) schemes. The data were analysed using a difference-in-difference model that allows for a structural change in outcomes due to payment reform. The results suggest that FFS schemes increase the growth rate of healthcare output, whereas PBP schemes positively affect life expectancy at age 65 years. However, these results should be interpreted with caution, as results are sensitive to model speciﬁcation. Copyright © 2015 John Wiley & Sons, Ltd. Received 14 February 2014; Revised 24 April 2015; Accepted 29 April 2015 KEY WORDS:
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1. INTRODUCTION In recent decades, a large number of developed countries have reformed their hospital payment schemes. In many of these countries, the reforms have been accompanied with increasing healthcare expenditure and life expectancy (Laschober et al., 1995; Thomson et al., 2009; Organization for Economic Cooperation and Development, OECD Health data, 2012). Researchers have drawn a causal link between the recent reforms in hospital payment schemes and the concomitant trends in healthcare expenditure and mortality (Cutler, 1993; Yip and Eggleston, 2001; Moreno-Serra and Wagstaff, 2010). The various payment schemes operating in developed countries create different incentives for hospital care provision (Cylus and Irwin, 2010; Ellis and Miller, 2008), which, in turn, may inﬂuence healthcare expenditures.1 Moreover, several studies using OECD country panel data have indicated that healthcare expenditure positively affects life expectancy, even when several confounders are controlled for (Elola et al., 1995; Or, 2000; Lichtenberg, 2002; Shaw et al., 2002; Miller and Frech, 2002; Berger and Messer, 2002; Hitiris and Posnett, 1992; Nixon and Ulmann, 2006). Combining these two ﬁndings and these two trends in most Western countries, it is reasonable to hypothesise that certain hospital payment reforms may lead to increased hospital activities and healthcare expenditures, which, in turn, may increase life expectancy (Mackenbach et al., 2012).



*Correspondence to: Institute of Medical Technology Assessment/Institute of Health Policy & Management, Erasmus University Rotterdam, Rotterdam, The Netherlands. E-mail: [email protected] 1



Hospital expenditure forms a substantial portion of total healthcare spending; for example, in 2008, hospital care expenditure accounted for 36% of total healthcare spending among OECD members (Organization for Economic Cooperation and Development, OECD Health data, ).
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Relevant economic literature suggests that rising healthcare expenditures, especially those due to the expansion and increased availability of medical technology, may have led to increased life expectancy. For example, there is compelling evidence that treatments for cardiovascular disease, while increasing healthcare expenditures, have contributed signiﬁcantly to enhanced life expectancy (Cutler and McClellan, 2001). However, many questions regarding the relationships between healthcare expenditures and health outcomes remain unanswered. These questions pertain not only to the causal relationship between healthcare expenditures and life expectancy, but also to the underlying mechanisms. In particular, evidence on the effects of healthcare reforms such as changes in hospital payment schemes is scarce. How hospitals, arguably the most important healthcare providers, are paid for their services – that is, the hospital payment scheme – differs from country to country and, in many developed countries, has changed in recent decades. One option is that, to a large extent, payment is based not on the activities performed by hospitals but on a ‘provider characteristic’, such as hospital size. For the purposes of the present research, we deﬁne such a payment scheme as ﬁxed budget (FB). Another option is that payment is based on the quantity of services provided and patient characteristics (e.g. the number of patient days and patient diagnoses) (Ellis and Miller, 2008). We deﬁne a payment scheme based purely on the quantity of services provided as a feefor-service (FFS) scheme and a payment scheme based on patient diagnostic characteristics (i.e. with hospital care services linked to key patient attributes and characteristics) as a patient-based payment (PBP) scheme. A typical example of PBP is the diagnosis-related group (DRG) payment system, whereby hospitals receive ﬁxed sums per patient, based on assessment of each patient’s diagnostic group (Ellis and Miller, 2008). Differences between such payment schemes and resulting differences in the incentives they create for hospitals can be expected to translate into differences in performance, in terms of quantity and quality of healthcare provided. Although a signiﬁcant number of studies have described the effect of hospital payment systems on outcome parameters such as average length of stay, number of hospital admissions and healthcare expenditures, most of them focused on descriptive analysis with a pre-reform/post-reform comparison and did not investigate effects on population health (Louis et al., 1999; Kwon, 2003; Lang et al., 2004; Kroneman and Nagy, 2001; Davis and Rhodes, 1988). In those studies that did attempt to estimate the effect of hospital payment reforms, outcomes measured at the regional level were used in the analysis, and the treatment effects were identiﬁed by exploiting regional differences between the dates on which hospital payment reforms were implemented. Studies using regional data found that, in comparison with FFS, PBP payments resulted in decreased average length of stay and healthcare expenditures (Cutler, 1993; Yip and Eggleston, 2001; Dismuke and Guimaraes, 2002; Frank and Lave, 1989). Cutler (1993) found that relative to a payment scheme purely based on the quantity of services, PBP schemes increased mortality in, or shortly after discharge from, hospitals but not after 1 year post-discharge. Unlike the studies referred to in the preceding discussion, Moreno-Serra and Wagstaff (Moreno-Serra and Wagstaff, 2010) studied the effect of hospital payment reforms on healthcare output and mortality in Central and Eastern European and Central Asian countries over an extended time period using country-level panel data. They estimated that, in comparison with FB, introducing FFS led to increased health expenditure and inpatient admissions, whereas introducing PBP led to increased healthcare expenditure and decreased length of stay. Of these two new schemes, only PBP appeared to have any beneﬁcial effect on amenable mortality (Moreno-Serra and Wagstaff, 2010). To our knowledge, this is the only study that has used country-level panel data to estimate the effect of hospital payment reforms on healthcare output and mortality. This study aimed to further investigate the effect of hospital payment reforms on healthcare outputs and mortality, using data from 20 OECD countries over three decades. We compared the FB with the FFS and PBP schemes, respectively. Although we took the same basic approach as Moreno-Serra and Wagstaff (Wagstaff and Moreno-Serra, 2009; Moreno-Serra and Wagstaff, 2010), in addition to using data from a different selection of countries and periods, importantly, our model allowed reforms to cause ‘structural changes’. In other words, our approach allowed payment scheme reforms to structurally alter the level of health care outputs and mortality. The following section describes hospital reforms in relevant OECD countries between 1980 and 2009. Section 3 formulates our hypotheses concerning the effects of hospital payment reforms on healthcare outputs Copyright © 2015 John Wiley & Sons, Ltd.
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and mortality. Section 4 presents our methods, including the tests used to validate our model speciﬁcation. Section 5 presents the results of our analyses. Finally, Section 6 discusses our ﬁndings and draws conclusions.



2. HOSPITAL REFORMS IN OECD COUNTRIES In order to be able to investigate the effects of changes in hospital payment schemes on healthcare outputs and population health, we constructed a data set describing the hospital payment schemes for 20 OECD countries over the period 1980 to 2009 (Table I). The selected countries are mostly developed countries with similar healthcare systems and hospital payment schemes. Eastern European countries, including former Soviet states, were excluded because their systems and schemes were considered to be too different. We created the following major categories to classify hospital payment schemes (Ellis and Miller, 2008): (i) FB schemes; (ii) FFS schemes; and (iii) PBP schemes. A scheme was classiﬁed as FB if, in that particular year, hospital payments were pre-determined and depended solely on provider characteristics such as hospital size or number of beds. Payment schemes included in this broad category are line-up budgets and global budgets (Ellis and Miller, 2008). A scheme was classiﬁed as FFS if, in that particular year, hospitals were paid according to the quantity of services they provided, without correcting for patient characteristics. FFS includes per diem (per day) or cost-based payments, whereby hospitals are reimbursed for the overall services provided at hospital level. A scheme was classiﬁed as PBP if, in that particular year, hospitals were paid according to the diagnoses of patients admitted. This category includes DRG payments. Based on this classiﬁcation, we created two dummy variables: FFS and PBP. Dummy variable FFSit takes a value of 1 if the hospitals in country i in year t were paid according to an FFS scheme; otherwise, a value of 0 is assigned. Similarly, dummy variable PBPit takes a value of 1 if the hospitals in country i in year t were paid using a PBP scheme. If none of these dummy variables take the value of 1, hospitals were paid FB. It should be stressed that thorough and accurate classiﬁcation of payment schemes is not straightforward. The classiﬁcation used here is somewhat crude: within the three categories distinguished, there is clear heterogeneity, and no classiﬁcation is perfect. For example, in all the included countries, hospital payments were at least partly based on provider characteristics, while other parts of the payment were sometimes more ﬂexible. Table I. Hospital payment schemes in the 20 most developed OECD countries, 1980–2009
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Furthermore, in some countries, reforms of hospital payment schemes were implemented more gradually than in others, sometimes over a period longer than 1 year and phased in over different periods in different regions. In such cases, different regions of a country may have had different payment schemes co-existing in certain years (Christiansen et al., 2012). To characterise countries’ hospital payment schemes in a tractable fashion, allowing regression analysis, we classiﬁed a country as having a FB scheme if its hospital payments did not depend on the services provided in any way. A country was classiﬁed as FFS if hospital payments were not linked to patient characteristics, but depended on the quantity of health care provided. However, if the hospital payment was to some extent linked to patient characteristics, the payment scheme was classiﬁed as PBP. This means that, even if PBP co-existed with a FB scheme or with FFS schemes in a country at time t, the system was classiﬁed as PBP. Hence, for that year, the dummy variable PBPit took the value of 1 for year t, while FFSit equalled 0. The classiﬁcation of payment schemes for the 20 selected OECD countries in the period 1980 to 2009 is shown in Table I. It is mainly based on the World Health Organization’s Health System in Transition series (WHO Europe, 2012) and includes information from other sources describing hospital payment schemes in the relevant countries and periods (Donaldson et al., 1993; Laschober et al., 1995; Thomson et al., 2009; Christiansen et al., 2012; Schut and Van de Ven, 2005). More details about the classiﬁcation procedure and the data sources used are provided in Appendix A in the Supporting Information. Countries switch from one hospital payment scheme to another for various reasons: in particular, (i) to have equal access to health care; (ii) to control healthcare spending; or (iii) to provide stronger incentives to increase quality and quantity of the services provided. For example, in the Netherlands in 1983, the government decided to replace the open-ended per diem hospital payment scheme with a global budgeting scheme for the hospitals’ operating expenses. In 1990s, growing waiting lists led to mounting public pressure to reform the healthcare system. Therefore, in 2001, the global budgeting scheme for hospitals was abandoned, and for the time being, hospitals were reimbursed for all the services provided (Schut and Van de Ven, 2005). Since 2005, an elaborate type of DRG system (called the DBC system in Dutch) has been in place for hospitals to have more control over expenses and effectiveness of services. Although there are differences between countries, the reforms in most countries are in concordance with the reform stages in medical care as described by Cutler (2002). In the 1980s, many countries which did not employ global budgeting yet moved towards global budgeting in order to control health spending. From the 1990s onwards, countries experienced reforms towards a more incentive-based payment by adopting a PBP scheme directly or doing so (gradually) after ﬁrst adopting a FFS scheme. The Netherlands were one of several countries that ﬁrst adopted FFS before introducing PBP. It needs emphasis that the Dutch reforms need not be representative for reform in other countries, in terms of the immediate nationwide implementation, where other countries may have implemented reforms more gradually.



3. HYPOTHESES AND OUTCOME VARIABLES Two important consequences of switching from FB to FFS or PBP payment schemes are (i) that government inﬂuence on total hospital output is reduced, and (ii) payment becomes open-ended. Hence, such a switch may be expected to cause an increase of overall hospital expenditures. As such, expenditures typically account for approximately one-third of a developed country’s total health expenditure (Thomson et al., 2009), a switch from FB to FFS or PBP schemes in the hospital sector can be expected to result in a signiﬁcant increase in total healthcare expenditure. Although it may be reasonable to hypothesise that increased hospital activity substitutes activities elsewhere in the healthcare sector, we do not expect such substitution to offset the increases in hospital expenditures. Under a FFS scheme, hospitals are paid according to the quantity of services they provide, without the overall constraint imposed by a FB. Therefore, hospitals have a strong incentive not only to treat more patients but also to provide more intensive treatments and other services (which are associated with higher reimbursement). Hence, in comparison with a FB, a FFS scheme can be expected to increase hospital admissions and expenditures. In contrast with FFS, under a PBP scheme, hospitals are paid for the patients they treat, Copyright © 2015 John Wiley & Sons, Ltd.
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patient characteristics being linked to activities and, thus, payment. Often, a ﬁxed price is set for each diagnostic group. Hence, the growth of hospital admissions and healthcare expenditures may be expected to be more controlled under a PBP scheme than under FFS. Under a PBP scheme, prices for the various diagnostic groups may differ, thus, the hospitals may decide to increase patient admissions only in more expensive and thus potentially proﬁtable diagnostic groups. Moreover, rather than increasing the number of admissions, hospitals may encourage ‘up-coding’ of patients, thereby increasing proﬁt margins. On balance, however, we expect that FFS schemes create stronger incentives to increase hospital admissions than PBP schemes do. Whereas it is interesting to study the effect of hospital payment schemes on hospital activity and expenditures, the effect on population health – especially mortality – is no less important. Hospital payment reforms may inﬂuence mortality in several ways. Firstly, an increase in the volume of healthcare provided by hospitals may decrease mortality due to higher coverage of medical care, reduction of waiting lists and/or implementation of new, effective treatments. Secondly, in addition to inﬂuencing hospital healthcare volume, hospital payment reforms may inﬂuence the quality of services provided, which may, in turn, reduce mortality — even independently of care volume. However, it may be cogently argued that payment reforms do not necessarily reduce mortality. Firstly, not all hospital care has this aim: it may be intended to increase quality of life or reduce disabilities. For example, in the Netherlands a large portion of the total healthcare expenditure is allocated to treatment of mental diseases, which are largely non-fatal (Slobbe et al., 2006; Poos et al., 2008). Secondly, not all medical care is based on solid scientiﬁc evidence, and reforms may lead to an increase in the use of non-effective procedures. Thirdly, reforms may also create incentives to provide more care to patients than is optimal (McGuire and Pauly, 1991), leading to iatrogenic harm. Finally, even if effective life-prolonging interventions are incentivised by payment reforms, other effective life-prolonging interventions may be displaced by the newly implemented activities. If the displaced activities are more cost effective than the newly implemented activities, an increase in healthcare expenditures may even result in increased mortality (McCabe et al., 2008). On balance, we think increased hospital activity can be expected to result in improved health status (indeed, if it does not, the rationale for increasing expenditures may be questioned). The extent to which improved health is reﬂected in decreased mortality depends on the extent to which increased hospital activity is directed towards treating lethal diseases. Because hospital payments under a PBP scheme are more closely linked to patient and disease characteristics than under other schemes, under such a scheme, there may be fewer opportunities to increase activities aimed at treatments of less serious but more proﬁtable diseases than under a FFS scheme. In this study, the measures for healthcare output are as follows: (i) total healthcare expenditure per capita (measured in constant 2005 dollars) as estimated by the OECD (OECD Health data, 2012); (ii) the standardised number of hospital inpatient discharges; and (iii) the standardised number of hospital discharges for causes amenable to healthcare. Ideally, we would have used hospital expenditures instead of total healthcare expenditures (HCE), but this type of data is not available for most of the selected countries over the relevant period. An advantage of using total HCE is that the various countries tend to deﬁne them less heterogeneously than they deﬁne hospital expenditures. As indicators of population health, we include agestandardised death rates, mortality from causes amenable to healthcare, life expectancy at birth and life expectancy at age 65. The latter was chosen because, in the selected countries, mortality rates above age 65 years are relatively high, and the majority of hospital activities are directed at this population. For both hospital discharges for causes amenable to healthcare and mortality from causes amenable to healthcare we did not have data for the full sample but only for a limited number of countries for a limited number of years. Table II summarises the hypothesis. In accordance with previous studies, we included as confounders GDP per capita (measured in constant 2005 dollars and adjusted for purchasing-power ﬂuctuations) and the portion of the population aged 65 and older (Gerdtham and Jönsson, 2000; Moreno-Serra and Wagstaff, 2010). Data on all included confounders were obtained from OECD Health Data (OECD Health data, 2012). All the outcome variables and the covariates, except for dummy variables, were transformed to natural logarithms to capture non-linearity in the models and allow straightforward interpretation of the results. Copyright © 2015 John Wiley & Sons, Ltd.
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Table II. Expected effects of hospital payment method relative to ﬁxed budget Expected signs of effects (compared with ﬁxed budget) Outcome measures



FFS



PBP



Health expenditures Hospital activity Life expectancy



++ ++ +



+ + ++



FFS, fee-for-service; PBP, patient-based payment.



4. METHODS A model frequently used to estimate a treatment effect for panel data such as ours is the so-called difference-indifference (DiD) model (Wooldridge, 2005). The variants of this model have also been estimated by MorenoSerra and Wagstaff (Moreno-Serra and Wagstaff, 2010). A DiD model with country- and year-speciﬁc ﬁxed effects can be denoted as yit ¼ βo þ β1 X it þ θt þ ai þ δFFSit þ γPBPit þ εit ;



(1)



where yit is the outcome in country i at time (year) t, Xit is the vector of time-varying country-speciﬁc confounders (covariates such as GDP that may inﬂuence the outcomes and are possibly correlated with the hospital payment scheme operating), FFSit and PBPit are the payment schemes’ dummy variables taking a value of 1 if the country i at time t has a FFS or PBP as hospital payment scheme, respectively, and εit (iid over i and t) denotes unobserved variables and noise, where θt is a year-speciﬁc intercept and ai is the country-speciﬁc effect which captures time-invariant unobserved variables that are potentially correlated with the hospital payment scheme. θt and ai can be modelled as dummy variables for each year and each country, respectively. The main focus is on the coefﬁcients δ and γ, which capture the impact of FFS and PBP, respectively, on the level of the outcome, y. After taking ﬁrst differences, the time-invariant country-speciﬁc effect αi is eliminated. Two important assumptions of the DiD model are that a treatment (i.e. a reform) affects the level of the outcome and that there are parallel trends in the treated and non-treated group. This also implies that reforms only have a temporary effect on the outcome, which may be considered problematic and unrealistic when analysing data spanning a longer period. In other words, the standard DiD models are ‘memoryless’: reforms are assumed to have only a temporary effect. In such a model, a reform is expected to erase all effects of the previous payment scheme, which is considered unrealistic. To illustrate this, consider the following example. Suppose we have two identical countries, A and B, with identical GDP, population structure and other unobserved variables, but divergent hospital payment scheme histories, which reform to PBP in year 11. Assume that, for the previous 10 years, country A had FFS and country B had a FB. A standard DiD model predicts that country A and B have an identical value of Yi,t in year 11. This is, however, highly unlikely if we consider that decisions at the level of hospitals (e.g. introduction of new technologies or changes in personnel), which are inﬂuenced by macro-level incentives, may have a long-lasting effect. Hence, major reforms can be expected to have a much longer-lasting effect that does not readily decay over time. The treatment intensity and interventions implemented under a previous payment scheme are likely to continue for some time, even after a switch to another type of scheme. Empirical studies conﬁrm this assumption, as trends in healthcare expenditures and life expectancy can be characterised by a unit root process (Libanio, 2005; MacDonald and Hopkins, 2002; Lee and Miller, 2001), implying that if reforms have any effect, it is not temporary. Figure 1 displays HCE and LE for two countries in our data set that have experienced multiple reforms, suggesting that reforms indeed had a structural rather than a temporary effect. We also formally tested this assumption. Im-Pesaran-Shin panel unit root tests (Im et al., 2003) were conducted to check the stationarity of the panel data and conﬁrmed the presence of unit roots in the data, thus suggesting structural changes due to reforms. Given this assumption that changes due to healthcare reforms tend to be long-lasting, and hence that health (care) outcomes are path dependent, in our analysis, we extended the DiD model to allow for such long-lasting changes, as follows: Copyright © 2015 John Wiley & Sons, Ltd.
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Figure 1. Healthcare expenditure per capita and life expectancy for the Netherlands and Finland for different by different payment system



yit ¼ β0 þ β1 X it þ θτ þ αi þ δFFSit þ γPBPit þ τZ FFS;it þ φZ PBP; it þ εit



(2)



where Z is the count of years in which FFS or PBP have been operating, deﬁned as ZFFS, it = ZFFS,i(t  1) + FFSit. With such a model, the length and type of previous payment systems can be captured. For example, if, after 10 years of FFS, country i were to change to PBP in year t, the value of yit would be different than if country i had experienced 10 years of FB before changing to PBP in year t. If we take the ﬁrst difference of Equation 2, the model becomes Δyit ¼ β1 ΔX it þ ξ t þ δ ΔFFSit þ γ ΔPBPit þ τFFSit þ φPBPit þ Δεit



(3)



where τ and φ are the coefﬁcients that capture the effect of the payment scheme dummy variables on the growth rate of the outcome; δ and γ denote the temporary (i.e. one-time) reform effect. By simply assuming that a reform alters the growth rate instead of the outcome level, as in Equation 3, we can model policy changes as having a long-lasting effect on the outcome. 4.1. Speciﬁcation tests Using time series panel data, we had to consider potential problems of serial correlation and heteroskedasticity. To test for serial correlation in the error term, we used the pooled Durbin–Watson test in panel models proposed by Bhargava et al. (1982). To test for heteroskedasticity across countries and/or years, we used the Breusch–Pagan test (Wooldridge, 2002). The pooled Durbin–Watson tests did not indicate any remaining serial correlation after taking ﬁrst differences and including year-speciﬁc ﬁxed effects. However, heteroskedasticity was detected in most models. Therefore, we used the robust variance estimator suggested by Arellano (1987) (Wooldridge, 2002) to calculate standard errors of the coefﬁcients in all models. Copyright © 2015 John Wiley & Sons, Ltd.
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We also tested whether the countries had similar time trends for all outcomes. This was carried out by including an interaction term between the time trend and country-speciﬁc effects in Equation 2. If the interaction term is insigniﬁcant, the random trend model collapses into our model. We conducted F-tests to check whether including random trends would improve the model (Table B1 in Appendix B in the Supporting Information). Results indicated that the interaction terms were only signiﬁcant for hospital discharge and hospital discharge of amenable-mortality diseases. For other outcomes, the random trend model collapses into our original model. For simplicity, we based all our result on the original model as presented in Equation 3. To test the assumption that the causality of the relationship between health outcome and payment scheme does indeed run from hospital payment scheme dummy variables to the outcome variables of interest, we used the test proposed by Gruber and Hanratty (1995). That is, we included additional dummy variables in each model to indicate whether FFS and PBP would be adopted in the following year (taking a value of 1 if this was the case; otherwise, 0). If the change from a FB to FFS or PBP is an endogenous response to other changes in the environment or is even simply correlated with other changes, then the coefﬁcients of these dummy variables should be non-zero. We conducted a joint F-test for the additional dummy variables in each model that tested reverse causality. The test results supported the assumption that the model’s causality runs from the hospital payment scheme to the outcome variable rather than vice versa. This assumption was not rejected for any of the outcome variables (Table B2 in Appendix B in Supporting Information). To test whether the effects of reforms are truly long-lasting rather than temporary, we added a new variable to the model (as speciﬁed in Equation 3) that takes a value of 0 in all years except the ﬁrst year after a reform from FFS to non-FFS or from PBP to non-PBP In the ﬁrst year after a reform from FFS to non-FFS, for example, this variable takes a value equal to the number of years that FFS has been operating since the previous reform. If the assumption of temporary effects were correct, the effect of a particular payment scheme would be eradicated as soon as that payment scheme is replaced with another. Thus, in this case, after replacing FFS with a FB, the trend should return to its previous FB period, and the coefﬁcients of the new variable should be opposite in sign to the coefﬁcient of FFS. The results of that test, presented in Table B3 (Appendix B in the Supporting Information), indicated that all the coefﬁcients of the new variable were non-signiﬁcant and their absolute sizes were smaller than the coefﬁcients of FFS or PBP, indicating that the trends following the reform did not drop to the trend prior to FFS or PBP scheme. This test supported our model speciﬁcation from Equation 3. 4.2. Alternative model speciﬁcations To investigate the robustness of the results to our preferred model speciﬁcation (Equation 3), we have also estimated the impact of FFS and PBP in other model speciﬁcations. 4.2.1. Alternative classiﬁcation. In our base-case analysis, we classiﬁed a country as having a PBP payment scheme if its hospital payments were at least partly based on patient characteristics. However, many countries phased in PBP schemes gradually, either by region or by hospital care section; besides, there was some conﬂicting information on hospital payment schemes based on different data sources. To test whether our results are sensitive to the deﬁnition of hospital payment classiﬁcations, we estimated models with alternative classiﬁcations as described in Appendix A in the Supporting Information. 4.2.2. Basic DiD model. We argued that our long-lasting effect model (Equation 2) is preferred over a basic DiD model (Equation 1). However, we will also present the results from the basic DiD model. From Table I, we can observe that most of the reforms were concentrated in two periods. Hence, we split the data into two periods in which most of the reforms occurred. The ﬁrst period consists of the years 1983 to 1996, when most of the countries changed from FB to FFS schemes or vice versa. The countries that used a PBP scheme (Australia, Italy, Ireland and Portugal) during that period were excluded from the analysis. In the second analysis, we used data from the years 1993 to 2009, where most of the countries experienced (gradual) reforms towards PBP Copyright © 2015 John Wiley & Sons, Ltd.
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payment schemes. Similarly, countries that experienced reforms involving FFS (Finland, Luxemburg, Netherlands and Switzerland) during this period were excluded from this analysis. 4.2.3. Activity-based payment versus ﬁxed budget payment. As we hypothesised that FFS and PBP have similar effects compared with a FB, we also estimated Equation 3 for all outcomes while combining FFS and PBP as an activity-based (AB) payment scheme (Cutler, 2002). 4.2.4. Delayed effect. It can also be argued that the effect of hospital payment reforms on outcomes may take more than a year to become evident, especially where health-related outcomes are concerned. To capture this delayed effect, we replaced current values of FFS and PBP with ﬁrst lags of the FFS and PBP dummy variables, respectively.



5. RESULTS The estimates of the model in Equation 3 are presented in Table III. ΔFFS and ΔPBP indicate the temporary effect of FFS and PBP schemes on the outcome level, whereas FFS and PBP indicate the effects of FFS and PBP, respectively, on the growth rate, that is, the long-lasting effect. In the year of a reform, the ‘net’ effect of the reform is the sum of these two effects. For example, in the year of reform from a FB to PBP, the growth rate in per capita healthcare expenditures is about zero (0.0069 + 0.0068). However, in the year after this reform, per capita healthcare expenditures are estimated to grow annually with 0.68% more under a PBP scheme compared with a FB. From Table III, we can see that, compared with FB, the signs of the estimated effect of FFS on the growth rates were all in accordance with our hypotheses: hospital discharges and health care expenditures grew more while mortality fell more under FFS. For PBP, the estimated effects on the growth rate of infant mortality and hospital discharge of amenable mortality were not in line with our hypotheses. Relative to FB, FFS signiﬁcantly increased hospital discharges and decreased infant mortality. However, PBP increased public health expenditures and life expectancy at age 65 years and decreased the number of deaths and amenable mortality. Although both FFS and PBP show positive coefﬁcients for health expenditures and hospital activities, the effect size of FFS on health expenditure was not necessarily bigger than that of PBP. This was not in line with our hypothesis (Table II). Except for infant mortality, PBP showed a bigger impact on life expectancy-related outcome measures, which is in accordance with our hypothesis. Table III. Estimated effects of FFS and PBP relative to ﬁxed budget payment Dependent variable Hospital discharge Hospital discharge of amenable-mortality diseasesa Public health expenditure per capita Health expenditure per capita Number of deaths Infant mortality Amenable mortalitya Life expectancy at birth Life expectancy at age 65 years



ΔFFS



FFS



ΔPBP



PBP



Adjusted 2 R



0.0130** (0.0464) 0.0385 (0.1212)



0.0128** (0.0024) 0.0138 (0.2954)



0.0044 (0.5275) 0.0155 (0.6650)



0.0009 (0.8892) 0.0145 (0.3510)



0.0772 0.2476



0.0295** (0.0283)



0.0094 (0.1800)



0.0042 (0.7155)



0.0108** (0.0438)



0.1687



0.0175 (0.1053)



0.0074 (0.1648)



0.0069 (0.3516)



0.0068 (0.1681)



0.1829



0.0070 (0.1266) 0.0034 (0.7897) 0.0082 (0.4125) 0.0007 (0.1569) 0.0044 (0.1510)



0.0022 (0.3616) 0.0150** (0.0007) 0.0012 (0.8001) 0.0003 (0.2869) 0.0013 (0.2218)



0.0025 (0.6792) 0.0016 (0.9261) 0.0019 (0.8723) 0.0002 (0.8438) 0.0006 (0.8358)



0.0028** (0.0106) 0.0076 (0.3364) 0.0113 (0.0202)** 0.0003 (0.2012) 0.0018*** (0.0028)



0.2645 0.0678 0.3795 0.1727 0.3209



FFS, fee-for-service; PBP, patient-based payment. Analyses based on a subset of countries (Austria, Denmark, Finland, Greece, Italy, Netherlands, Spain and Sweden) over the period 1989–2009, for which data were available. *p < 0.10; **p < 0.05; ***p < 0.01. a
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Considering temporary effects, the signs of the estimates mostly were not in line with our hypothesis. However, this does not necessarily mean that the reforms have effects in the opposite direction, because in the year of the reform, the net effect is determined by both the temporary and the long-lasting effects. For example, in the year of the reform to FFS, the temporary impact of FFS on hospital admission is 0.0002 (0.0130 + 0.0128). A possible explanation for the opposite signs would be that, after reforms, new payment schemes may take more than a year to show its effect, that is, have delayed effects on outcomes. 5.1. Alternative model speciﬁcations 5.1.1. Alternative classiﬁcation. To check whether our results were sensitive to changes in the payment schemes, we estimated the main model using an alternative payment classiﬁcation. The results are presented in Table IV. In comparison with the original model, the magnitude of the effect and the signs of the coefﬁcients of the effect on growth rates were similar. There were a few notable changes in the estimates. Firstly, the effect of PBP on the growth rate of public health expenditure and number of deaths became insigniﬁcant. Secondly, FFS showed a signiﬁcant positive effect on the growth rate of health expenditures, which differs from the model with the original classiﬁcation. 5.1.2. Basic DiD model. We ran a basic DiD model by splitting the data into two periods in which most of the reforms occurred (Table V). The signs of the coefﬁcients of FFS on the outcomes were mostly not in concordance with our hypotheses, whereas the sign of coefﬁcients of PBP on the outcomes supported our hypotheses. Furthermore, none of the estimated coefﬁcients showed a signiﬁcant impact on the outcomes. As mentioned earlier, the opposite signs could be the result of possible delayed effects of FFS on the outcome variables. 5.1.3. Activity-based payment versus ﬁxed-budget payment. The results of the analysis in which FFS and PBP were bundled as AB payments are presented in Table VI. ΔAB indicates the temporary effect of AB payment on the outcome level, whereas AB indicates the long-lasting effects on the growth rate. The signs of the coefﬁcients of the effects on the growth rate were all in accordance with our hypotheses. Results indicate that AB payment schemes, relative to a FB, signiﬁcantly increase the growth rates of healthcare expenditures, public health expenditure, hospital discharges and life expectancy at age 65 years. Table IV. Estimated impact of hospital payment methods on health sector outcomes with alternative classiﬁcation Dependent variable Hospital discharge Hospital discharge of amenable-mortality diseasesa Public health expenditure per capita Health expenditure per capita Number of deaths Infant mortality Amenable mortalitya Life expectancy at birth Life expectancy at age 65 years



ΔFFS



FFS



ΔPBP



Adjusted 2 R



PBP



0.0189 (0.0074)*** 0.0413 (0.2114)



0.0134 (0.0013)*** 0.0124 (0.3285)



0.0129 (0.1043) 0.0212 (0.5881)



0.0070 (0.2335) 0.0208 (0.1656)



0.0816 0.2653



0.0357 (0.1192)



0.0104 (0.1297)



0.0035 (0.7145)



0.0098 (0.1272)



0.1704



0.0219 (0.0501)**



0.0094 (0.0821)*



0.0053 (0.3895)



0.0044 (0.4510)



0.1855



0.0021 (0.3699) 0.0122 (0.0086)*** 0.0011 (0.8399) 0.0003 (0.4094) 0.0012 (0.2573)



0.0060 (0.3665) 0.0160 (0.1818) 0.0130 (0.33) 0.0009 (0.3031) 0.0022 (0.4613)



0.0049 (0.2894) 0.0115 (0.2799) 0.0103 (0.3010) 0.0004 (0.4135) 0.0037 (0.2601)



0.0027 (0.0132) ** 0.0055 (0.5284) 0.0101 (0.0741)* 0.0002 (0.3669) 0.0016 (0.0041)***



0.2649 0.0663 0.3907 0.1732 0.3206



FFS, fee-for-service; PBP, patient-based payment. analyses based on a subset of countries (Austria, Denmark, Finland, Greece, Italy, Netherlands, Spain and Sweden) over the period 1989– 2009, for which data was available. *p < 0.10; **p < 0.05; ***p < 0.01. a
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Table V. Estimated temporary impact of FFS and PBP scheme against ﬁxed budget with Basic DiD model Period 1983–1996a Dependent variable Hospital discharge Hospital discharge of amenable-mortality diseasesc Public health expenditure per capita Health expenditure per capita Number of deaths Infant mortality Amenable mortalityc Life expectancy at birth Life expectancy at age 65



Period 1993–2009b 2



ΔFFS



Adjusted R



ΔPBP



Adjusted R



0.0045 (0.5510)



0.0486



0.0306 (0.1192) 0.0204 (0.1711) 0.0086 (0.1373) 0.0040 (0.7337)



0.1566 0.1915 0.3054 0.0829



0.0009 (0.1986) 0.0059 (0.1366)



0.1593 0.3587



0.0094 (0.1584) 0.0218 (0.6294) 0.0089 (0.4674) 0.0028 (0.7285) 0.0104 (0.1787) 0.0161 (0.3142) 0.0108 (0.2407) 0.0008 (0.4555) 0.0050 (0.1958)



0.0756 0.2624 0.1049 0.0990 0.3302 0.0680 0.4073 0.2700 0.3844



2



FFS, fee-for-service; PBP, patient-based payment; difference-in-difference. Countries that are excluded from the analyses: Australia, Italy, Ireland and Portugal. Countries that are excluded from the analyses: Finland, Germany, Luxemburg, Netherlands and Switzerland. c Analyses based on a subset of countries (Austria, Denmark, Finland, Greece, Italy, Netherlands, Spain and Sweden) over the period 1993–2009, for which data were available. *p < 0.10; **p < 0.05; ***p < 0.01. a



b



Table VI. Estimated impact of AB payment against ﬁxed budget payment with long-lasting change model Dependent variable Hospital discharge Hospital discharge of amenable-mortality diseasesa Public health expenditure per capita Health expenditure per capita Number of deaths Infant mortality Amenable mortalitya Life expectancy at birth Life expectancy at age 65 years



ΔAB



AB



Adjusted R



0.0059 (0.2462) 0.0304 (0.2654) 0.0152 (0.1029) 0.0120 (0.0792)* 0.0025 (0.5987) 0.0006 (0.9369) 0.0066 (0.4617) 0.0003 (0.6100) 0.0020 (0.4462)



0.0089 (0.0419)** 0.0029 (0.8523) 0.0104 (0.0239)** 0.0073 (0.0572)* 0.0026 (0.1078) 0.0062 (0.1497) 0.0035 (0.4649) 0.0004 (0.1306) 0.0015 (0.0315)**



0.0690 0.2269 0.1656 0.1828 0.2638 0.0642 0.3867 0.1724 0.3200



2



AB, activity-based. Analyses based on a subset of countries (Austria, Denmark, Finland, Greece, Italy, Netherlands, Spain and Sweden) over the period 1989–2009, for which complete data were available. *p < 0.10; **p < 0.05; ***p < 0.01.



a



5.1.4. Delayed effect. The effect of hospital payment reforms on outcomes such as hospital activity and amenable mortality indicators may be delayed, as suggested earlier. The results from the delayed-effect model, presented in Table VII, conﬁrmed this expectation and provided greater insight into this issue. In comparison with our default model speciﬁcation, 1-year delayed FFS leads to a slightly higher and signiﬁcant effect on the growth rate of healthcare expenditure, public health expenditure, hospital discharges and infant mortality. This might also explain some of the results presented in Table III. The impact of PBP on the growth rate of number of deaths and life expectancy at age 65 years remained similar, while the effect on public health expenditure became less pronounced.



5.1.5. Summarising the results. The main analyses showed that, compared with FB, FFS payment signiﬁcantly increases hospital admissions. This result is robust in various sensitivity analyses. However, PBP showed no signiﬁcant effect on hospital admissions. It is argued that under PBP scheme, prices for the various diagnostic groups may differ, thus, the hospitals may decide to increase patient admissions only in more expensive and thus potentially proﬁtable diagnostic groups. This may result in a smaller impact on overall hospital admissions. With respect to hospital discharges for amenable diseases, neither payment scheme showed signiﬁcant impacts. This may be due to the smaller sample size we had available for this outcome variable. Copyright © 2015 John Wiley & Sons, Ltd.
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Table VII. Estimated lagged impact of FFS and PBP schemes against ﬁxed budget payment with long-lasting change model Lag ΔFFS



Dependent variable Hospital discharge Hospital discharge of amenable-mortality diseases Public health expenditure per capita Health expenditure per capita Number of death Infant mortality Amenable mortality Life expectancy Life expectancy at age 65 years



Lag FFS



0.0061 (0.3384) 0.0294* (0.0606)



0.0131*** (0.0008) 0.0188 (0.2090)



0.0199** (0.0426) 0.0088 (0.3103) 0.0053 (0.4636) 0.0193 (0.4824) 0.0129 (0.2186) 0.0008 (0.4094) 0.0017 (0.6801)



0.01218** (0.0394) 0.0089* (0.0532) 0.0024 (0.3117) 0.0122*** (0.0084) 0.0031 (0.5124) 0.0004 (0.2722) 0.0015 (0.1586)



Lag ΔPBP



Lag PBP



0.0136 (0.4664) 0.0166 (0.3501)



0.0024 (0.6706) 0.0103 (0.5326)



0.01318 (0.2335) 0.0112 (0.2743) 0.0008 (0.9149) 0.0240 (0.1503) 0.0287 (0.0173)* 0.0004 (0.5483) 0.0004 (0.8938)



0.0085 (0.1364) 0.0051 (0.3192) 0.0023* (0.0894) 0.0034 (0.6650) 0.0059 (0.3831) 0.0003 (0.1944) 0.0016** (0.0284)



FFS, fee-for-service; PBP, patient-based payment. *p < 0.10; **p < 0.05; ***p < 0.01.



We hypothesised that a switch from FB to FFS or PBP may increase health expenditure because of the open-ended nature of the hospital budgets in FFS and PBP. While statistical signiﬁcance varied between model speciﬁcations, the signs of the estimates were mostly in line with our hypotheses. Also, the estimated effect of FFS on the growth rate of health expenditures was higher than for PBP, indicating that under PBP, health spending may increase less rapidly. However, as under PBP, hospital activities grew much less than under FFS; this suggests that under PBP, prices per discharge increase more. Within PBP payment, hospitals may therefore treat relative expensive diagnose groups or encourage ‘up-coding’ of patients, thereby increasing proﬁt margins. We hypothesised that FFS and PBP may increase population health by increasing hospital activities and/or improving healthcare quality and efﬁciency. The main analyses suggested that FFS has a negative impact on infant mortality, and PBP increases life expectancy at age 65 years. These results are robust in the alternative model speciﬁcations. We did not ﬁnd an effect on life expectancy, which suggests that the reforms did not impact mortality at all ages. Amenable mortality, which may be considered to be a better outcome indicator for hospital care, was signiﬁcantly impacted under PBP in the main analysis, but this effect was not robust against alternative model speciﬁcations. To get a better understanding of the magnitude of our key coefﬁcients, it is insightful to compare our estimates to the changes observed in the raw data. For example, the average annual growth rate of hospital discharges under FFS schemes is 1.35% between 1980 and 2009 (averaged over all the countries that adopted FFS in Table I). Based on the estimates in Table III, FFS increased hospital discharges by 1.28%, relative to a FB. This suggests that more than 90% of the growth in hospital discharges under FFS schemes are actually caused by the FFS schemes, which seems a lot. However, life expectancy at age 65 years increased on average by 0.20 years annually under PBP schemes between 1980 and 2009 (averaged over all the countries that adopted PBP in Table I). Based on our estimates in Table III, we calculated that only about one-sixth of this annual growth of life expectancy at age 65 years can be attributed to the PBP scheme. Hence, in absolute terms, the PBP scheme has caused an annual increase of 0.03 years in life expectancy at age 65 years. Similarly, on average, public health expenditure per capita increased by 140 euro annually under PBP schemes, but only 23 euro of this increase can be attributed to the PBP scheme. These numbers may seem small in absolute terms, but the magnitude of the effect should not be underestimated, given that there are many other factors that determine changes in life expectancy and health expenditure. Furthermore, combining these estimates suggests that a reform from a FB to PBP could be considered cost effective, as it translates into a cost-effectiveness ratio of less than 1000 euro per life year gained. Obviously, such generalised ﬁgures may mask much diversity in costeffectiveness of spending in different disease areas and across interventions. Moreover, the gained life years may not be spent – and most likely will not be spent – in perfect health. Copyright © 2015 John Wiley & Sons, Ltd.
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6. CONCLUSIONS AND DISCUSSION This paper focused on hospital payment scheme reforms implemented by many OECD countries in the period 1980 to 2009 and investigated the effects of those reforms on health-sector outcomes and mortality. We hypothesised that compared with FB payment schemes, AB hospital schemes such as FFS and PBP schemes would increase hospital activity, thereby increasing health expenditures and lowering mortality. Furthermore, we hypothesised that FFS would have a bigger impact on health expenditures and PBP a bigger impact on mortality. To test these hypotheses, we proposed a model speciﬁcation that took into account that reforms may have short-term and long-lasting effects. The results of our analyses only gave weak support for our hypotheses. Our hypotheses were not conﬁrmed, for all outcome measures we investigated and results for some outcome measures were sensitive to model speciﬁcation. The most robust ﬁndings from our analyses were that introducing FFS payment signiﬁcantly increased the level of hospital discharges and signiﬁcantly decreased infant mortality, whereas introduction of PBP increased life expectancy at age 65 years. Overall, the results from our analyses suggest that history of payment schemes matters and that hospital payment schemes may alter a country’s hospital output and mortality levels in the long term. However, given the sensitivity of the results, these ﬁndings must be interpreted with due caution. Our study has a number of limitations. A general limitation relates to the data used to construct the hospital payment scheme dummy variables. Our classiﬁcation into FB, FFS and PBP schemes may not accurately describe the diversity and complexity of hospital payment schemes and their reforms. Given our relatively limited sample size, we chose to adopt a fairly crude classiﬁcation into three payment schemes. In fact, more than three hospital payment schemes are distinguishable in the included OECD countries over the 30-year period considered here. Another disadvantage of distinguishing more types of payment schemes is that if they have many similarities, collinearity between the payment scheme dummy variables may occur, resulting in a biased estimation. Another limitation is that it is difﬁcult to assess the effects of reforms if countries implement such reforms gradually. The effect of a partial reform may be too limited to have a signiﬁcant impact on health (care) outcomes measured at the national level. Some of the observed differences between the original model and the model using the alternative classiﬁcation appear to be related to this issue. There is an obvious need for further research, potentially using larger data sets, to address this issue. In addition and partly related to this issue, hospital payment reforms appeared to have a delayed effect on certain outcome parameters. It should be noted that we only considered incentives at the hospital level. In some countries, such incentives may not (fully) conform with incentives for medical specialists working in the hospital. Specialist payments would likely inﬂuence hospital activity, given their inﬂuence on key aspects such as admissions and choice of treatment. When, in countries that are using similar hospital payment schemes, incentives for medical specialists do not conform with hospital-level incentives, the effects of reforms of those schemes may differ from country to country. For example, in the Netherlands, unlike the situation in several other countries, payments to medical specialists are not included in the hospital’s budget (Schut and Van de Ven, 2005). In this case, even if hospitals have a FB payment scheme, specialists may still have strong incentives to increase hospital activities by admitting more patients or doing more tests. As detailed information on this aspect for the 20 included countries over the past three decades was unavailable, we were unable to investigate this further. Furthermore, incentives created by payment schemes for hospitals may be counterbalanced by incentives created by outcome-monitoring systems, which we did not take into account. Comparing our results to those of Moreno-Serra and Wagstaff (2010) reveals important differences. They found that the DiD model was an appropriate model for most outcome variables, that FFS and PBP showed signiﬁcant effects on hospital-sector outcomes and that PBP reduced disease-speciﬁc mortality for some diseases. None of the countries included in our study were included in theirs; Moreno-Serra and Wagstaff (2010) included countries in Central and Eastern Europe and Central Asia. Many of those countries have reformed their healthcare systems from a centrally planned Semashko model (which was common in many former Communist states) to various other systems. Additionally, many underwent important and rapid political Copyright © 2015 John Wiley & Sons, Ltd.
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and economic developments in their transition to capitalism (Moreno-Serra and Wagstaff, 2010). This context is completely different to that of the countries included in the present study. Moreover, in our model, we also allowed for longer-lasting effects of reforms on outcomes. Hence, the major differences in outcomes between the two studies are unsurprising. Concluding, this study only found weak evidence that, in developed countries, switching from a FB to an AB hospital payment scheme such as FFS and/or PBP will lead to an increase in the level of hospital activity and health expenditures but also to lower mortality.
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