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Assessing the effect of standardized cost systems on financial performance. 

A difference-in-differences approach for hospitals according to their 

technological level 

Abstract 

Promoting the improvement of standardized cost systems (CS) is one of the measures 

available to health policy makers for the purpose of improving efficiency in hospitals over the 

long-term. Nevertheless, very few studies evaluate the relationship between alternative CS 

and the costs really incurred. We use data from 242 hospitals of the Spanish National Health 

Service (NHS) between 2010 and 2013 in order to explore the determinants of the cost per 

adjusted patient day, using a difference-in-differences approach where the treatment is the 

implementation of an advanced CS. We also investigate if the association between advanced 

CS and unit cost is different depending upon the technological level of the hospital. Results 

show that hospitals with more advanced CS contained their costs better. However, the latter 

effect of advanced CS is lower in hospitals with a greater endowment of high technology. 

Results suggest that health authorities should support the development of CS, particularly in 

high-tech hospitals, which are usually larger and more complex hospitals that tend to 

accumulate a greater portion of NHS hospital sector expenditure. 

Keywords: Cost accounting systems; Hospital costs; Cost control; Management 

information systems; Technology, high-cost; Public hospitals. 
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1. Introduction 

At an international level health policy makers face an environment involving pressures 

to contain costs [1]. This explains the growing interest with respect to the calculation of health 

care costs [2,3] and, particularly, the cost systems (CS) used in hospitals [3-6]. Management 

health care literature suggests that the cost information provided by an effective CS facilitates 

management by clinicians, improves accuracy in the calculation of the price of services and 

can be used by managers for benchmarking; all of which could typically result in better cost 

containment and cost management [3-11]. Accordingly, many European countries have 

introduced standardized (sometimes mandatory) CS in at least a sample of hospitals, which 

present different characteristics such as costing methodology or the level at which costs are 

reported. While the main driver for the development of these standardized CS has been the 

setting of prices for hospital funding systems, the use of cost data to enable operational 

process and cost management has become a pressing issue for policy makers and providers 

[7]. In fact, in current competitive reimbursement environments, there are indications that 

some providers are now implementing more advanced CS [4]. In parallel, hospitals try to 

improve their performance with respect to technical expertise and patient interactions by 

making significant investments in high technology [12]. Furthermore, recent research 

supports the idea of studying the financial effects of cost control systems jointly with 

technology given the necessary integration of data from both systems for maximizing the 

performance of CS [13]. 

Despite the above, only a few studies have examined the relationship between 

alternative CS and the hospital costs in large samples of hospitals [9-11]. In general, these 

papers have not found a significant relationship between the design of CS and operating costs. 

Moreover, their methodology of research, using cross-section data, may be subject to reverse 

causality or endogeneity. Hence the CS choice could be either the cause or the result of the 

hospital's cost performance. On the other hand, these studies do not consider explicitly the 

technological level of the hospital, which makes them unable to verify if high technology and 

CS are complementary in terms of cost containment [12,13].  

In this paper, we try to address the aforementioned issues. Using the data of 242 

hospitals of the Spanish National Health Service (NHS), we analyse via a difference-in 

differences approach the determinants of cost per adjusted patient day for the period 2010-

2013 considering the effect of advanced CS on hospital costs and focusing on the comparison 
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of hospitals with different technological levels. Because the implementation of CS is 

promoted by regional health authorities it is relatively exogenous with respect to each hospital 

and enables us to address the endogeneity problem.  

While this study also builds on earlier papers that analyse the relationship between CS 

type and hospital costs, our primary contribution is to assess the effect of a regional health 

public policy i.e., the level of development of the standardized CS on hospital operating cost. 

A second contribution is that we analyse the complementarity between high technology and 

CS with respect to cost containment. Since NHS hospitals allocate a portion of their budget to 

the implementation and development of CS, it is important that health authorities 

systematically evaluate the effectiveness of investing in alternative CS for decision-making 

processes. 

Results show that hospitals with more advanced CS contained their cost better, 

although this containment is lower in hospitals with a greater endowment of high technology. 

This indicates that in the period analysed, more advanced standardized CS facilitated cost 

containment objectives. Results suggest that health authorities should support the 

development of CS, particularly in high-tech hospitals, which are usually represented by 

larger and more complex hospitals, precisely those that accumulate the greatest portion of 

NHS hospital sector expenditure. 

2. Literature review 

2.1. Development level of CS design 

The design of CS implies taking a series of decisions such as [14]: (1) which costs to 

include in the products; (2) at what level of detail should direct costs be assigned to the 

products; (3) the number and type of indirect cost centres, or cost pools, used to assign 

indirect costs to the products; (4) types of cost drivers (according to their degree of precision) 

used to assign indirect costs. Hence, in a hospital CS is referred to as more complex or 

developed when defining more specific cost objects, cost pools or cost drivers [15]. 

Furthermore, the design of an appropriate CS should also consider the organisational context 

and the purpose behind the information on costs [16].  

In the case of hospitals, the debate concerning CS design has centred foremost on the 

level of detail with which to assign direct costs to patients, distinguishing between CS per 
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patient (otherwise denominated as bottom-up or clinical cost) and CS per process or DRG 

(Diagnosis-Related Groups) (also called top-down), although in practice, it is usual to find 

mixed CS [5]. In the context of standardized CS in Europe, some countries, e.g., Germany, 

The Netherlands, and Denmark, have introduced patient-level costing, following a 

predominantly bottom-up activity-based costing approach. Other countries, e.g., England and 

Ireland, are currently moving from a predominantly top-down volume-based costing approach 

towards bottom-up activity-based costing [7]. 

In fact, a certain theoretical consensus exists which suggests that more advanced CS, 

at the patient level, offer more disaggregated and precise information which serves to improve 

decision-making and efficiency. Specifically, it sustains that these advanced CS are more 

useful because they allow the clinician to link clinical outcomes with costs in a meaningful 

way, thereby facilitating their engagement with management [7,17]; provide solid costing 

information for calculating the prices of services and supporting budget negotiations [18]; and 

managers can use information provided by them to redesign treatment processes more 

efficiently (benchmarking) [5]. 

2.2. Empirical evidence of the relationship between the design of CS and financial 

performance 

Despite the comments of the foregoing section, the empirical research regarding the 

effect of more developed CS on financial performance is modest.  

Some of these works are in-depth case studies that analyse the implementation of 

advanced CS, such as costing by patient or Activity Based Costing (ABC) in a single hospital 

[18,19,20]. Although this research reveals evidence of the influence which the information 

provided by CS has on resource allocation and those working practices aimed at reducing 

costs, none of the papers actually quantify the impact of CS on financial performance.  

Other quantitative type studies, investigate the effect on cost reduction of a specific 

cost accounting practice such as the cost comparison between different clinicians performing 

the same procedure [17,21], but obtain contradictory results. 

Using a large sample of hospitals only a few papers analyse the influence of the CS 

type on real cost. Most of them collect the information about the CS characteristics from 

surveys. For example, Lawrence [9], using a sample of 499 US hospitals, does not find any 

relationship between CS type (CS per patient or CS per department) and cost per case, with 
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the exception of the cost of capital per case, which was greater in those hospitals using CS per 

patient. In another study for a sample of 277 US hospitals, Pizzini [10] does not reveal any 

association between the characteristics of the CS and the cost per case, although the author 

finds that the level of detail of the information from the CS is associated with an improvement 

in administrative costs. In a more recent paper, Macinatti and Anessi-Pessina [11], using a 

sample of 131 Italian public health organisations, do not find statistical significance between 

CS design and financial performance. All the aforementioned studies use cross-sectional data 

and some of them acknowledge that the research design used may be subject to reverse 

causality or endogeneity. Logically, these works claim that future research should focus on 

longitudinal studies in order to observe causal linkages between variables over longer periods 

of time.  

In this study, we try to address the previous issue. For this purpose, we base our 

analysis on a prior research of the impact of Spanish standardized CS on hospital cost where, 

using a sample of 170 acute NHS hospitals, an indirect relation between variation in unit cost 

and level of development of the CS was observed [22]. In the present paper, we focus on the 

comparison between hospitals with different technological levels. Given that maximizing the 

performance of advanced CS requires integrating the data of technology services provided to 

the patient [12,13] into the CS, this comparison will provide new insight into the analysis of 

the usefulness of standardized CS at a hospital level. High-tech hospitals that deal with a 

variety of different types of patients are more complex organizations which have a greater 

need for systems of coordination and control [23] and as such probably experience more 

difficulties when integrating the information required by the CS [13]. 

With previous observations in mind we have designed a study to answer the following 

questions: 

1. Do advanced standardized CS contribute towards the control of unit costs in 

hospitals? 

2. Are there differences in the effect of advanced standardized CS depending upon the 

hospital's technological level? 
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3. Research method 

The Spanish NHS offers an appropriate framework for researching the aforementioned 

questions for two reasons.  

First, it is characterised by a high level of decentralisation where the jurisdiction over 

health care is split into seventeen Regional Health Services (RHS). RHS are the organism 

created by Spain’s Autonomous Communities (Spanish Regional Governments) to manage 

health care responsibilities and it is they that decide which type of CS should be implemented 

in the hospitals under their supervision. These CS present different characteristics, collected 

from the report Analysis of Analytical Accounting Systems in the NHS Hospitals for the year 

2010 [24]. The characteristics of CS depend on various factors such as the number of years of 

health care management autonomy or the push to the development of CS imposed by the RHS 

according to the health policy makers in power. For example, in 2010 only five RHS had 

introduced cost per patient but the rest consider it as a goal to be achieved. This setting allows 

us to examine the effect on hospital unit cost of the alternative CS whose implementation is 

encouraged by regional health authorities, something which is relatively exogenous with 

respect to each hospital which enables us to address endogeneity problems.  

Second, between 2010 and 2013 the Spanish Government adopted the main measures 

for containing health expenditure as a result of the crisis [25]. Thus, it may in fact prove to be 

a period during which health managers focused on cost control and used the information from 

CS to a greater extent. Prior research points that as environmental uncertainty increases 

decision makers seek to minimize said uncertainty through the use of additional information 

for planning and control [26]. Therefore, the use of management controls such as CS may 

increase as budget restrictions increase.  

3.1. Sample and data 

For the empirical analysis we have constructed a database of Spanish NHS hospitals 

using the microdata of Specialised Healthcare Centre Statistics published by the Ministry of 

Health, Social Policy and Equality (SIAE) [27]. Of the 764 hospitals included in the Statistics 

for 2013, 453 make up the NHS hospital network. The monetary data has been deflated in 

accordance with the evolution of the Consumer Price Index and is expressed in Euros (at 2013 

purchasing power).  
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Together with the hospital microdata, we have considered as an additional data source 

the report, previously mentioned, Analysis of Analytical Accounting Systems in the NHS 

Hospitals [24], which collects the different characteristics and costing methodologies for the 

year 2010 of the standardized CS implanted by the Regional Health Services (RHS). This 

report has not been updated after 2010. So, in this study we have to consider that the 

characteristics of the CS are maintained during the years 2010 to 2013. Thus, since CS are 

expensive to procure and generally have an associated implementation period, it is unlikely 

that hospitals drastically changed their CS during the period considered [12].  

A sample of 242 hospitals is used corresponding to fourteen RHS. The hospitals of 

three RHS (Catalonia Health Service, Navarra Health Service, Health Service of Castilla-La 

Mancha) were omitted from the sample given that no information was available regarding 

their CS. 

3.2. Variables 

The dependent variable is the unit cost measured as cost per adjusted patient day. The 

numerator is calculated as the sum of all the hospital’s operating costs with the exception of 

depreciation given the possible imprecision and subjectivity of its calculation [24]. The 

denominator is the number of adjusted patient days, in Spain denominated ‘unidades 

ponderadas de actividad’ or UPA (weighted health care unit). The UPA is the unit of health 

care production measured, according to the methodology used by the SIAE, in weighted days 

of inpatient stays based on the complexity of the activities performed in each area (medicine, 

several types of surgery, outpatient visits and other hospital services) [27].  

Based on previous research [16,28] we measure the level of development of the 

standardized CS through an index for each RHS defined as a function of the following 

dimensions, indicative of more developed CS: (a) Level of detail or disaggregation of the 

information available [9-11]; (b) Different types of cost centres [29]; (c) Costs included in the 

product (as well as staff, current goods and services and health assistance agreements), given 

that if more cost categories are included in the product we can consider the CS as more 

complex [16]; (d) Methodology of the cost imputation, considering the reciprocal method as 

the most precise because it permits a reflection of all the mutual services existing between 

centres [29]. The index is defined in Table 1 and the detail of their calculation is available in a 

previous study [22] and as Supplementary material. From this index, we have constructed a 

dummy variable, advanced cost system (ACS), that indicates if the hospital has an advanced 
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CS (ACS=1) or not (ACS=0). We consider CS as advanced if the level of development of the 

CS is equal or above the median of the index (ACS=1), and non-advanced if the level of 

development of the CS is inferior to this reference (ACS=0). Our data comprises 167 hospitals 

with an advanced CS and 75 hospitals with non-advanced CS. 

We measure the endowment of high technology as a percentage of the available high 

technologies from a total of twelve (Table 1). We have established two groups of hospitals 

according to their endowment of high technology, represented by the variable technological 

endowment group (TEG). We consider the hospital as having high technology if it has a high 

technology endowment value equal to or above the median of this variable (TEG=1). 

Likewise, it has low technology if the technology endowment value is inferior to the reference 

value (TEG=0). 

Moreover, based on the previous literature, we consider additional variables as 

possible determinants of the evolution of unit cost: average cost of personnel [30], workers 

per 100 beds [30], occupancy rate [9,30,31], in-hospital mortality rate [32], teaching status 

[33] and acute. The hospital size (by the number of beds) and the complexity of the cases 

treated [9,10] are represented in this paper by the variables endowment of high technology and 

teaching status [34]. 

Table 1 shows how each of the variables has been measured. 

 

[Insert Table 1 about here] 

 

Table 2 presents the average values of a stable sample of 242 NHS hospitals 

considered in 2010 and 2013, classifying the hospitals into two groups according to the level 

of development of their cost system (ACS), and indicating the statistical differences applying 

a t test of the difference in averages of the related samples. Into the sample 83.5% of the 

hospitals are acute and 68.2% are teaching hospitals in 2013 (63.6% in 2010). 

 

[Insert Table 2 about here] 
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The unit hospital cost decreased significantly in the period 2010-2013 for the group 

with an advanced CS. There is a significant reduction in labour cost per worker and an 

increase in staff in training per 100 beds in both groups. 

3.3. Econometric methodology 

We use a difference-in-differences (DD) methodology to estimate treatment effects 

comparing the previous and post-treatment differences in the unit cost (cost per adjusted 

patient day) of two groups: treatment group or hospitals that have an advanced CS against a 

control group with non-advanced CS [35]. 

We estimate two models, the first being the following: 

 

Unit Cost𝑖 = 𝛽0 + 𝛽1 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 +  𝛽2 𝐴𝐶𝑆𝑖 + 𝛽3 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 𝑥 𝐴𝐶𝑆𝑖 + ∑ 𝛿𝑘𝑧𝑘𝑖
7
𝑘=1 + 𝑒𝑖         [1] 

 

Unit Cost is the cost per adjusted patient day of hospitals. Period is a dummy variable 

indicating the baseline (period=0 if year=2010) and a follow-up (period=1 if year=2013). 

Additionally, the dummy variable ACS indicates the treatment and 𝑧𝑘𝑖 represents the seven 

control variables: endowment of high technology, average cost of personnel, workers per 100 

beds, occupancy rate, in-hospital mortality rate, teaching status (dummy) and acute 

(dummy). 

We understand that ACS is an exogenous variable since the level of development of 

the CS is not determined by the hospitals but by the managers and political authorities that 

manage the RHS.  

The estimated coefficients have the following interpretation: 

 

𝛽0: Is the mean unit cost (outcome) for the control group at the baseline 

𝛽0 + 𝛽1: Is the mean unit cost for the control group in the follow-up 

𝛽2: Is the single difference between treated and control groups at the baseline 

𝛽0 + 𝛽2: Is the mean unit cost for the treated group at the baseline 

𝛽0 + 𝛽1 + 𝛽2 + 𝛽3: Is the mean unit cost for the treated group in the follow-up 



10 

 

𝛽3: Is the DD estimator that represents the average treatment effect 

𝛿𝑘: represents the coefficients of the control variables 

The second model, which is similar to the first one, incorporates the triple interaction 

between the dummy variables period, ACS and TEG.  

 

Unit Cost𝑖 = 𝛽0 + 𝛽1 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 +  𝛽2 𝐴𝐶𝑆𝑖 + 𝛽3 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 𝑥 𝐴𝐶𝑆𝑖 + 𝛽4 𝑇𝐸𝐺𝑖 +

𝛽5 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 𝑥 𝑇𝐸𝐺𝑖 + 𝛽6 𝐴𝐶𝑆𝑖 𝑥 𝑇𝐸𝐺𝑖 + 𝛽7  𝐴𝐶𝑆𝑖 𝑥 𝑝𝑒𝑟𝑖𝑜𝑑𝑖 𝑥 𝑇𝐸𝐺𝑖 + ∑ 𝛿𝑘𝑧𝑘𝑖
6
𝑘=1 + 𝑒𝑖  [2] 

 

The DD estimate for treatment effect in the group of hospitals with low technology is 

𝛽3 and the estimate for treatment effect in the group of high technology is 𝛽3 +  𝛽7. Thus the 

treatment effect for both groups of technology differs by 𝛽7, which is the coefficient of the 

triple interaction term, or the difference in difference in differences (DDD) estimate. 

4. Results 

The results were obtained with the program STATA 14.2. The two models are 

estimated with robust standard errors using ordinary least squares (OLS) and panel data with 

fixed effects (FE) and random effects (RE) (see Table 3). The Hausman test supports the 

estimation of fixed effects in model 1 (p <5%) and random effects in model 2 (p> 5%). 

 

[Insert Table 3 about here] 

 

In model 1, the treatment effect (period x ACS) is negative and significant in the three 

estimates made. The effect of an advanced cost system (ACS=1) is quantified by a reduction 

of approximately 30 € in the unit cost for the period analysed. 

In general, in model 1, a direct relation appears to exist between unit cost and the 

condition of acute, the average personnel cost and the number of workers per 100 beds. The 

endowment of high technology has a positive and significant effect in OLS and RE, but this 

relation is no significant in FE. On the other hand, a negative relationship is observed between 
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the unit cost and the occupancy rate. The teaching status only has a significant and positive 

effect in OLS. The in-hospital mortality rate shows no significant influence. 

From the OLS estimation performed in the model 1, using the method of adjusted 

predictions [36], Figure 1 shows the unit cost for 2010 and 2013 according to the treatment 

(ACS). It is observed that the group of hospitals that have an advanced CS presents a 

reduction in the unit cost estimated to be 5.4%, while in the case of hospitals with a non-

advanced CS the unit cost increases by 0.4%. 

 

[Insert Figure 1 about here] 

Predictions of the unit cost for 2010 and 2013 according to the ACS 

 

In the model 2, the treatment effect in the group of hospitals with low technology 

(TEG=0) is the coefficient of the interaction period x ACS, that is negative and significant in 

the three estimates made. The effect of an advanced cost system (ACS=1) is quantified in a 

reduction of approximately 54 € in the unit cost over the period analysed for the group of low 

technology. In the case of the group of high technology (TEG=1), to evaluate the effect of the 

cost system we have to consider together the coefficients of the interaction period x ACS and 

of the triple interaction period x ACS x TEG. Since the coefficient of the triple interaction is 

positive and significant, the effect of an advanced CS (ACS=1) in the high-tech group 

(TEG=1) is lower than in the case of the low-tech group. Specifically, the triple interaction 

coefficient is quantified at approximately 46 € (in the case of panel data), which means that 

the final effect of an advanced CS (ACS=1) on the unit cost for the high technology group is 

lower, with an approximate reduction of 8 € (54-46). These results suggest that the more 

developed CS present difficulties in managing costs in high-tech hospitals. 

The coefficient of the interaction period x TEG is negative and significant in the three 

estimates made in model 2, what seems to indicate that the high technology has contributed to 

reducing the unit cost between 2010 and 2013. 

In general, similar to model 1, results of model 2 show a direct relation between unit 

cost and the condition of acute, the average staff cost and the number of workers per 100 

beds. On the other hand, a negative relationship is observed between the unit cost and the 

occupancy rate.  
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Similarly to model 1, from the OLS estimation performed in model 2, Figure 1 shows 

the unit cost for 2010 and 2013 according to the treatment (ACS) for the two groups of 

technology endowment. It is observed that the group of low technology hospitals with an 

advanced CS presents a reduction in the unit cost estimated at 6.3%, while in the case of 

hospitals with a non-advanced CS the unit cost increases by 4.4%. In the case of high-tech 

hospitals, there is a reduction in the unit cost both in those hospitals with an advanced CS 

(4.3%) and with non-advanced CS (2.8%). 

Concerning the technology, we want point out that although in model 1 technology is 

positively associated with unit cost, model 2 shows that, from 2010 to 2013, the high 

technological level (TEG = 1) has contributed to the reduction of unit cost. 

Also with respect to high technology, as a robustness test, we have replicated the two 

models measuring the endowment of high technology through a Saidin Index [12,37] created 

using the set of 12 technologies cited in Table 1, the results being similar to those shown in 

Table 3. 

5. Discussion  

In a scenario involving increasing health care costs and budget restrictions, policy 

makers need to identify the most effective measures that contribute to long-term cost 

containment [1]. Using the data of Spanish NHS hospitals this paper analyses the 

determinants of the cost of adjusted patient day for the period 2010-2013 considering the 

effect of a regional health public policy, such as the implementation of more advanced 

standardized CS, on the hospital costs. Our study evidences that more refined costing 

techniques can assist cost efficiency objectives. 

Our results show that an advanced CS contributes to the reduction of the unit cost in 

the period 2010-2013. These results differ from most prior research which did not find 

significant relationships between CS design and operating costs [9-11]. This finding could be 

attributed to the fact that in this study we consider a period of four years, which would allow 

capturing the benefits derived from the use of CS over time. Additionally, we have considered 

a period which subjected Spanish NHS hospitals to the most stringent budgetary constraints 

derived from the economic crisis. Thus, our result would be consistent with the hypothesis 

that managers focus on cost information from CS to contain cost in response to regulatory 

external shocks [26]. It is in this context where advanced CS may demonstrate their 
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usefulness because potentially RHS can identify less efficient hospitals and make decisions 

about them. It seems that RHS have become better able to compare different service providers 

and to use the information in the negotiation of budgets, thereby gaining more control over 

the costs of specialized health care [18].  

On the other hand, this result supports the idea that CS established by health 

authorities not only serves to fulfil legal requirements or produce data for external reporting 

but would additionally enable managerial decision-making. In the context studied, while 

being unsatisfied about the standardized CS and viewing it as nonoptimal, hospitals may still 

consider the system sufficient and therefore use it for their decision-making processes [15].  

Our results also suggest that the effect of advanced CS on unit cost is reduced in 

hospitals with greater endowments of high-tech equipment. Here, we have to point out that if 

we interpret in isolation the effect of high technology we observe that it has contributed to 

reducing unit cost, supporting previous studies indicating that medical technology can also 

help reduce costs via increases in productivity, greater efficiency in processes or substitution 

of relatively more costly procedures [38,39]. However, when we analyse the effect of high 

technology endowment and advanced CS in conjunction, we find that more advanced CS 

present difficulties in managing costs in high-tech hospitals, resulting in a lower reduction of 

costs than in hospitals with low technology. This result would appear logical, presumably 

because the former are usually the largest hospitals well equipped to deal with more complex 

case-mix and more medical specialties, so they are more complex organizations which have a 

greater need for systems of coordination and control [23]. In this setting, integration between 

different technologies can be more difficult, hindering the complementarity necessary to 

capture all the potential benefits of the advanced CS. It should be noted that CS in the health 

care sector are often designed to only fulfil legal requirements; therefore the culture and the 

resources within a hospital may not yet be established to integrate different system 

applications and various types of clinical and non-clinical performance information [15,40].  

As expected, the variation in average cost per worker and the variation of workers per 

bed are associated directly with the evolution of unit cost, which reflects the impact of the 

cuts undertaken by the Spanish government in the period of the crisis.  

Also as we expected, the increase in activity, represented by the occupancy rate, 

contributes to the reduction in unit cost, in line with the results obtained in previous research 

[31]. Likewise, in-hospital mortality rate shows no significant influence on cost in line with 
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prior studies on hospital efficiency that failed to reveal a trade-off between quality and 

efficiency [32].  

5.1. Implications for health policy 

Health policy makers and hospital managers can benefit from insights on the 

relationship between investment in CS and technology, and cost outcomes. Installing more 

developed CS and investing in high technology are measures which require significant up-

front financial investment and are technically demanding [1]. Our results suggest that these 

investments may help hospitals achieve the goal of cost containment. We find that, in 

isolation, both advanced CS and endowment of high technology are associated with a 

reduction in operating unit cost from 2010 to 2013. Nevertheless, advanced CS can see their 

potential reduced in high-tech hospitals, probably due to the integration difficulties of clinical 

and non-clinical (economic-financial, accounting) information in more complex settings. This 

finding indicates that health policy makers and hospital administrators should promote 

investments in developing CS, but keep in mind the necessity of their integration with clinical 

technology [12]. It should be noted that in the sample analysed high-technology hospitals 

accumulated 83,5% of the total expenditure in the year 2013. 

There are certain instruments for policy makers and regulators in order to facilitate the 

development and use of CS. This is the case of costing guidance for the purpose of provider 

cost reporting [7]. In some countries (e.g., Spain, Germany, France, and The Netherlands), 

hospitals have to demonstrate adherence to such guidance through external audit checks if 

they wish to use cost samples for calculating DRGs costs. The DRG data are then reported to 

the government and regulators, usually annually. Thus, if hospitals want to influence price 

setting by contributing their costs per case, they are forced to adhere to defined standards. 

Other possible measures to encourage the improvement of CS would be, for example, to make 

a small part of the budget dependent on the collection of cost data [5] or disclosure regulation 

in the form of state/region-level price transparency websites [41]. 

5.2. Limitations 

The empirical study has the limitation of using only publicly available information, 

which means that we have analysed the hospital data assuming that all of them employ a CS 

with a similar level of development, dependent upon the RHS to which they belong. In order 

to give robustness to the results obtained, data on the characteristics and use of CS 
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implemented in each hospital should be expanded and the explanatory variables used should 

be explored further. It is possible to use a more granular scale to measure the level of 

development of CS, including the level of CS integration and the time lag since CS 

implementation [13]. For example, it is possible to refine empirically the definition of 

advanced CS including other characteristics that could not be measured in this study: degree 

of precision of the cost drivers; classification of costs according to behaviour; frequency and 

breadth of cost-report distribution; number and type of variances calculated; level of 

satisfaction that users have with information from CS; and use of the information from the CS 

[10,11]. This may provide a more in-depth knowledge as to the effect of CS on hospital 

performance. 

Future research could consider the use of surveys to obtain data about CS and the 

inclusion of additional explanatory variables such as case-mix indices and other quality 

indicators (e.g. readmission rate, surgical outpatient rate) by hospital. 

6. Conclusions  

We can conclude that during a period of more restrictive budget constraints in Spanish 

NHS hospitals, the more advanced standardized CS have contributed to cost containment. In 

those hospitals with greater endowments of high-tech equipment the contribution of advanced 

CS was lower than in the low-tech hospitals, which suggests that these CS present difficulties 

in terms of the cost management in high-tech hospitals.  

Given that high-tech hospitals usually accumulate the greater part of the expenditure in 

the NHS hospital sector, our results indicate that health authorities should establish measures 

which favour the development of CS in these types of hospitals in order to improve 

efficiency. 
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Table 1 

Description of the variables  

Variables Definition 

Cost per adjusted patient day =  

Cost per UPAa (€/UPA) 

(Total operating cost – Depreciation) / Adjusted patient days or UPAs 

Level of development of standardized cost-

accounting system (CS) 

Index of the level of development of the standardized CS implanted by the different 

Regional Health Services, which take values between 0 and 100 according to the 

number of characteristics (Ci) fulfilled by the CSb:  

 Level of detail of the information, that considers four characteristics: Centre of 

responsibility (C1), Line of activity (C2), Process (C3), Patient (C4) 

 Number of types of cost centres, that takes into account seven characteristics: 

Structural (C5), Intermediate (C6), Final (C7), Intermediate-Final (C8), Assignation 

auxiliaries (C9), Analytical operating units (C10), Other (C11)  

 Costs included (as well as staff, current goods and services and health assistance 

agreements), which considers: Depreciation (C12), Current transfers (C13)  

Imputation methodology: Reciprocal method (C14) 

 
𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑖𝑧𝑒𝑑 𝐶𝑆 =

∑ 𝐶𝑖14
1

14
𝑥100 

Advanced cost system (ACS) Value 1 represents a level of development of the CS equal to or above the median 

and value 0 a level of development of the CS inferior to the median 

Endowment of high technology Percentage of available high technologies from a total of 12 (linear accelerator, 

Digital Angiography, cobalt pump, densitometer, haemodialysis equipment, CAT 

scan, PET, Magnetic resonance, gamma camera, lithotripter, mammography, 

spectrometers) 

Technological Endowment Group (TEG).  

 

Value 1 represents hospitals with a value in endowment of high technology equal to 

or above the median and value 0 with a value in endowment of high technology 

inferior to the median 

Average cost of personnel (thousands of €) Staff cost divided by the average number of workers 

Workers per 100 beds Number of workers multiplied by 100 and divided by the number of operational 

beds 

Occupancy rate (%) Total stays divided by total days of operational beds 

In-hospital mortality rate (%) Total discharges by death divided by total discharges 

Teaching status (dummy) Value 1 represents teaching hospitals and value 0 other hospitals 

Acute (dummy) Value 1 represents acute hospitals (general and specialised) and value 0 other 

hospitals (medium and long stays, mental health and drug treatment) 

a Unidad ponderada de actividad or UPA (Weighted Health Care Unit). The UPA is the unit of health care production measured, 

according to the methodology used by the SIAE (Specialised Healthcare Centre Statistics published by the Ministry of Health 

Health, Social Policy and Equality) in weighted days of inpatient stays based on the complexity of the activities performed in each 

area (medicine, several types of surgery, outpatient visits and other hospital services). 

b We assume that the characteristics are constant during the period 2010-13. The calculation of the index is available in a previous 

study [22] and as Supplementary material. 
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Table 3 

Results of the regression 

 Model 1 (484 observations) 

Treatment group: hospitals with advanced cost systems 

 Model 2 (484 observations) 

Treatment group: hospitals with advanced cost systems according to two groups 

of technology endowment 

 OLS  Panel Data 

Fixed 

Effects 

 Panel Data 

Random 

Effects 

  OLS  Panel Data 

Fixed Effects 

 Panel Data 

Random Effects 

 

 Coef.  Coef.  Coef.   Coef.  Coef.  Coef.  

Period (dummy) 2.087  -1.567  -1.090   21.324  18.311  19.569  

ACS (dummy) 23.789 * a  21.223   26.242  a  26.162  

Period x ACS -30.302 ** -30.703 *** -30.410 **  -53.387 *** -54.605 *** -54.610 *** 

TEG (dummy) ---  ---  ---   24.240  4.740  29.231  

Period x TEG ---  ---  ---   -35.434 * -37.544 ** -37.213 * 

ACS x TEG ---  ---  ---   -3.288  -20.852  -7.036  

Period x ACS x TEG ---  ---  ---   44.638 ** 46.703 ** 46.343 * 

Endowment high technology 

(%) 0.725 *** -0.621  0.770 *** 

 
---  ---  ---  

Average staff cost (000 €) 5.351 *** 4.108 *** 4.756 ***  0.005 *** 0.004 *** 0.005 *** 

Workers per 100 beds 0.057 ** 0.108 ** 0.062 **  0.059 ** 0.103 ** 0.061 ** 

Occupancy rate (%) -1.251 ** -2.752 ** -1.460 ***  -1.111 ** -2.715 ** -1.329 ** 

In-hospital mortality rate (%) -0.062  -0.225  -0.082   -0.015  -0.152  -0.039  

Teaching (dummy) 29.377 ** -22.644  19.839   35.734 ** -26.774  23.868  

Acute (dummy) 132.368 *** a  135.273 ***  150.762 *** a  155.376 *** 

Constant 155.506 *** 510.509 *** 202.811 ***  139.306 ** 492.907 *** 185.021 *** 

R2 (%) 58.42  21.42  58.13   57.98  26.54  57.65  

ACS: Advanced cost system; TEG: Technology endowment group 
a Omitted in Panel Data Fixed Effects (time invariant variable) 

*, **, *** Significant at10%, 5% and 1% respectively. 

       

 



Intermediate
Logistic and care function 

(diagnosis and treatment). 

Invoicing to other centres

Staff Goods and services Depreciation

COST CENTRES or HOMOGENEOUS FUNCTIONAL GROUPS (HFGs)

LINES OF ACTIVITY 

(financing)

COSTS

Hospitalisation Outpatient Teaching

Research

High cost procedures

MEASUREMENT OF  

OUTPUT
Discharges - External consultations

- Major outpatient surgery

- Minor outpatient surgery

- Day hospital treatment

- Home hospitalisation

- Emergencies

Treatments:

- Outpatient dispensation

- Hemodialysis

- Lithotrypsy…

* Intensive medicine, Emergencies, Dialysis, Hemodynamics Unit.

Intermediates/Final*
Clinic activity. 

Invoicing to other centres and 

grant discharges

Final
Clinical activity. 

Grant discharges

Structural
Management and 

administration function

1 Criteria for cost assignment: staff cost per  HFG.

1

2 Criteria for cost assignment: staff cost per HFG, Units of Relative Value (URV), menus, operations, days of stay, etc. URV measure

the complexity and consumption of the resources of each type of intermediate product obtained in hospital (for example laboratory

tests) assigning to each a weighting based on its cost.

2


