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Abstract
Hospitals consume most of the health systems’ financial resources. In Portugal, for 
instance, public hospitals represent more than half of the National Health Service debt and 
are decisive in their financial insufficiency. Although profit is not the primary goal of hos-
pitals, it is essential to guarantee their financial sustainability to ensure users’ health care 
and the necessary resources. An analysis of the existing literature shows that researches 
focus mainly on the hospital’s technical efficiency. The literature has paid little or even no 
attention to the use of composite indicators in hospital benchmarking studies. This study 
uses the Benefit of Doubt methodology alongside recent data about Portuguese public hos-
pitals (2013–2017) to understand the factors that contribute to low performance and high 
indebtedness levels. Our results suggest that hospitals perform better in terms of access 
(average score: 0.982). The group of criteria with the lowest performance was efficiency 
and productivity (average score: 0.919), suggesting resources waste. Financial performance 
is, in general, higher than quality, raising social concerns about the way that public hospi-
tals have been managed. Findings bring relevant implications. For example, the way hos-
pitals are currently financed should consider efficiency, productivity, quality, and access. 
Regulators should ensure that minimum performance levels are fulfilled, applying preven-
tive and corrective measures to avoid future low-performance levels. We suggest that hos-
pital managers introduce satisfaction inquiries to improve quality. These improvements can 
attract more patients in the medium- or long-term; thus, our results are useful to citizens to 
make a better choice.

Keywords Public hospitals · Economic and financial indicators · Composite indicators · 
Performance · Benefit of doubt
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DDF  Directional distance function
DEA  Data envelopment analysis
DMU  Decision making unit
EPE  Entidade Publica Empresarial (Portuguese words for “Corporatized hospital”)
FTE  Full-time equivalent
HC  Hospital center
LHU  Local health units
NHS  National health service
OPP  Out-of-pocket payments
POCMS  Plano oficial de contabilidade do ministério da saúde
RHA  Regional health administration
ROA  Return on asset
ROE  Return on equity
ROI  Return on investment
ROS  Return on sales
SPA  Setor publico administrativo (Portuguese words for "administrative public sec-

tor hospital")
WHO  World Health Organization

1 Introduction

Over the years, ensuring the Portuguese National Health Service (NHS) financial sus-
tainability has been one of the main challenges of successive governments (Simões et al. 
2017a). The NHS has been underfunded since 2010 because of the financial-economic cri-
sis that occurred in Portugal (Nunes and Ferreira, 2018a). Nonetheless, in 2012 and 2013, 
the balance was positive, but there has been an increase in the NHS debt since then. Hos-
pitals are essential entities in the health sector of any country, from an economic point of 
view. They are responsible for health debt’s most substantial percentage (Teymourzadeh 
et al. 2019).1

Analyzing current public expenditure by health care providers, all hospitals set in Portu-
gal represent more than 50% of this expenditure. Data indicate that the representativeness 
of spending on hospitals increased by five percentage points from 2010 (50.5% of current 
public expenditure) to 2017 (55.3% of current public expenditure, provisional).2 In terms 
of the NHS, hospitals are the health care providers with the highest weight in debt, above 
50%. This value has increased and reached 53.6% (provisional data) in 2017. More than 
90% of NHS expenditure on hospitals is associated with public hospitals.2 Moreover, one 
should note that overdue hospital payments represent a significant expenditure source for 
NHS.3

Hospitals are health establishments with differentiated services. Delivering "timely, 
equitable, patient-centered, safe, efficient, and effective secondary health care services 
[…] supported by evidence-based guidelines" is their primary goal (Ferreira and Marques, 
2019). Like other firms, public hospitals must be financially, socially, and environmentally 

1 See also Healthcare expenditure statistics, 2019: https ://ec.europ a.eu/euros tat/..
2 See Conta Satélite da Saúde, 2019: https ://ine.pt/, [in Portuguese].
3 See https ://trans paren cia.sns.gov.pt/

https://ec.europa.eu/eurostat/.
https://ine.pt/
https://transparencia.sns.gov.pt/
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sustainable. For instance, hospitals intend to improve patients’ life quality, through the best 
assistance, with a minimum of waste (Ferreira and Marques, 2020). Profit is not the pri-
mary goal of public hospitals in Portugal. However, it is essential to guarantee their finan-
cial sustainability to ensure users’ health care and the necessary resources.

Based on the hospitals’ intent and their weight on the expenses, it is fundamental to 
analyze Portuguese public hospitals’ performance. Indeed, one must understand the factors 
contributing to the high indebtedness and hospitals’ performance levels.

Most hospital benchmarking studies use a nonparametric model, the Data Envelopment 
Analysis (DEA). It has essential advantages for the health unit comparison, such as the 
simplicity of the premises underlying the method and its ability to simultaneously handle 
various inputs and outputs (Carrilo and Jorge 2017). After reviewing more than two hun-
dred and sixty papers using DEA to the hospital sector, Kohl et al. (2019) divided such a 
utilization into four main groups depending on the goals: to estimate efficiency; to answer 
specific management questions; to evaluate a specific health policy; or simply to develop or 
apply new benchmarking methodologies. In this sense, several techniques have been inte-
grated with DEA and applied to healthcare, e.g., bootstrapping (Araújo et al. 2014), neural 
networks (Chuang et al. 2011), productivity indices (Wu et al. 2013), and spatial analysis 
to identify predominant clusters (de Almeida Botega et al. 2020). Another recent literature 
analysis shows that researchers focus mainly on hospitals’ technical efficiency, where vari-
ous resources lead to the providing health care process (Patra and Ray 2018).

Regarding the use of input indicators, there is a high incidence in referring to the avail-
able human resources and hospitals’ capital. The economic variables that emerge focus pri-
marily on hospital operating costs. There are also inpatient days as input (Fragkiadakis 
et al. 2016; O’Neill et al. 2008).

Concerning the outputs of healthcare provision, most articles focus on medical service 
indicators. The literature usually considers raw or crude variables to characterize health 
care products, namely the number of inpatients, outpatients, emergencies, and surgeries, 
to name a few (Ferreira and Marques, 2019; Ferreira and Nunes, 2018; Fragkiadakis et al. 
2016; Patra and Ray 2018; Yildiz et al. 2018).

In only a few cases, authors opted by considering key performance indicators (or just 
indicators) to analyze hospital performance. Those authors usually aggregate indicators 
using either multicriteria approaches or benchmarking models, obtaining a composite indi-
cator (CI) reflecting performance. Multicriteria approaches require a definition of weights 
and, sometimes, a rescaling of data. In opposition, benchmarking models optimize those 
weights (named multipliers) in the sense of maximizing the performance level. That means 
that each hospital cannot exhibit a better performance level without changing its indicators 
instead of weights. Indicators can be either absolute or relative, but, as pointed out by Fer-
raz et al. (2020a, 2020b), the former group cannot "incorporate some essential aspects of 
development policies," including those devoted to healthcare. Because of this fact, we refer 
to relative indicators as simply indicators, using them in our case study. Benchmarking 
models seem to be better to evaluate performance, even when (relative) indicators compose 
the dataset.

Mariano et al. (2015) present some gaps in the CI construction using DEA-like meth-
ods, including the absence of case studies based on slack-based models, Russell Measure 
models, and multiplicative models, the lack of weight restrictions and expert’s opinion, 
and the missing integration with other interfaces, like the principal component analysis. 
Moreover, just a handful of papers considered a benchmarking exercise with indicators 
to evaluate hospital performance. Karagiannis and Karagiannis (2018), for instance, used 
indicators as variables of the DEA model, focusing on three liquidity indicators. In other 
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words, the authors constructed a CI using a DEA-like model just for evaluating the finan-
cial performance of hospitals in Greece. Meanwhile, Ferreira and Marques (2020) analyzed 
Portuguese public–private partnerships in health care, considering a few quality and access 
indicators and the construction of CIs. Still, those authors disregarded both the financial 
and the efficiency-productivity components.

So far, and to the best of our knowledge, no study has considered a complete perfor-
mance analysis, considering a broader spectrum of performance indicators, including effi-
ciency and productivity, quality, access, and financial. Thus, besides the aforementioned 
gaps in the literature, there is another significant one. This research aims to analyze Portu-
guese public hospitals’ overall performance as measure by a global CI based on four other 
CIs (access, efficiency and productivity, financial, and quality). We used the Benefit of 
Doubt (BoD) model, based on DEA. This performance appraisal approach does not focus 
on converting resources into products. Instead, it is a tool that aggregates several individual 
performance indicators into a single performance measure, with no explicit reference to the 
inputs (Cherchye et al. 2007). In this case, a linear programming tool optimizes weights or 
multipliers associated with indicators. The former allows the simultaneous reduction of the 
undesirable variables and the increase of the desirable ones at different rates (Ferreira and 
Marques 2020). This efficiency approach allows hospital classification and rankings con-
struction. Rankings constitute an increasingly used tool that provides comparison sources, 
encouraging policy formulations to improve providers’ performance (Carrilo and Jorge 
2017).

This study appears unique in hospital comparison using CIs. No other case study on the 
Portuguese NHS has used such an approach. Besides, no other research has used finan-
cial, efficiency and productivity, quality, and access indicators simultaneously for evalu-
ating hospital performance. Individual indicators aggregation in a summary performance 
measure facilitates the interpretation of the results. It provides an integrated and general 
view of hospital performance in the four categories and in general. The aim is to offer a 
new perspective of a benchmarking tool, using economic and financial indicators. Besides, 
we intend to identify the existence of trade-offs between four dimensions. It seeks to justify 
and counteract the public hospital entities’ indebtedness level.

Results and conclusions of this research are crucial for (a) policymakers and regula-
tors, who analyze the proposals and decide about the regulation and hospitals organization 
mechanisms; (b) citizens, who, as users, should become more informed; and (c) hospital 
managers and clinical staff, who can improve their performance (and the performance of 
their organization) through the identification of best practices within the field.

2  The Portuguese National Health Service

The NHS was created in 1979 to offer universal, general, and tendentiously free health care 
services to all citizens (Nunes and Ferreira 2018a). The main NHS objective is to realize 
individual and collective health protection (Nunes and Ferreira 2018b).4 Therefore, it must 
ensure the effectiveness, quality, equity, and equality in the provided services to all citi-
zens, regardless of their financial capacity and geographic location.

4 See also Decree-Law no. 11/93 of 15th January [in Portuguese].
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The Portuguese Constitution characterizes the NHS as "being universal, providing 
globally integrated care, being free of charge, guaranteeing equity, and having regional-
ized organization and decentralized management."5 Regarding its structure, the NHS is 
centrally managed by the Health Minister, responsible for its regulation, planning, and 
management (Barros et  al. 2011). According to the Fundamental Health Principles Law 
(1990),5 the NHS is also managed at the regional level. There are five Regional Health 
Administrations, which supervise all services and public entities providing health care.

Primary health care is the responsibility of health center groups. In contrast, hospitals 
(either public or private entities) provide secondary health care services. Public hospitals 
have different management types: Administrative Public Sector (SPA), Corporate Public 
Entities (EPE), Public–Private Partnerships (PPPs), or managed by Misericórdias (the Por-
tuguese word for Holy House of Mercy). By the 2018 end, 49 hospital institutions were part 
of the NHS: 32 hospitals and hospital centers (HCs), eight Local Health Units, five SPA 
entities, and four PPPs.6 Currently (2019), the Braga Hospital, a former PPP, has trans-
ferred its clinical management to the public sphere. However, infrastructure management 
remains private.7

The Portuguese health service financing depends on a mixture of public and private 
sources. The NHS’s funds come from taxes charged by the State to citizens, following 
the Beveridge model. However, there are also out-of-pocket payments (co-payments and 
direct payments by the patient, such as moderating fees) and a private financing component 
associated with voluntary insurance and health subsystems (Nunes and Ferreira 2018b). 
Regarding public funding, the Finance Ministry annually sets the NHS budget based on the 
historical expenses and plans presented by the Health Ministry (Nunes et al. 2019; Simões 
et al. 2017b). In 2017, hospital care represented nearly 53% of the budget, while primary 
care received 42% of resources.8

In 2002, health policy led to an NHS reform to improve access and efficiency, to reduce 
costs (Nunes and Ferreira 2018a). New organizational models were applied to health units. 
Consequently, the integration of health care emerged. Mergers between hospitals constitute 
hospital centers, resulting from horizontal mergers. Mergers between hospitals and primary 
care centers are local health units, resulting from vertical mergers (Azevedo and Mateus 
2013). These changes sought the exploitation of possible scale and scope economies.

On the one hand, hospital centers and local health units’ average costs would be lower 
than the individual entities. The service provision and efficiency levels would also be 
higher with the increase in unit capacity. On the other hand, providing two or more ser-
vices together would lead to less resource use (scope economies). Azevedo and Mateus 
(2013) concluded that hospitals’ horizontal integration did not achieve the expected reduc-
tions in costs. The comparison between local health units and the other groups of hospitals 
is still missing.

Data for 2018 indicate that there are 230 hospitals in Portugal, of which 111 are public. 
Thirty-five thousand four hundred beds are available for immediate patients’ hospitaliza-
tion (68.1% in public hospitals or PPPs, and 31.9% in private hospitals). A progressive 

5 See Decree-Law nº 48/90 of 24th August [in Portuguese].
6 See Relatório anual acesso a cuidados de saúde nos estabelecimentos dos SNS e entidades convencio-
nadas, 2018: https ://www.sns.gov.pt/wp-conte nt/uploa ds/2019/09/Relat orio_Acess o_2018-v.final _.pdf, [in 
Portuguese].
7 See Decree-Law nº75/2019 of 30th May [in Portuguese].
8 See Nota Explicativa do Orçamento de Estado, 2016: http://app.parla mento .pt/, [in Portuguese].

https://www.sns.gov.pt/wp-content/uploads/2019/09/Relatorio_Acesso_2018-v.final_.pdf
http://app.parlamento.pt/
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reduction in the relative weight of the public sector in providing this service has been 
observed over the past decade.9 Hospitals and HCs belonging to the corporate public sector 
represent about 46% of the total available beds (16,175).10 Figure 1 shows the distribution 
of these entities’ beds by regional health administration, illustrating how they serve the full 
health network system.

In the same year, public hospitals provided around 77% of the total Portuguese hospi-
tal visits. However, the demand for private provision of healthcare has increased.9 Yet, in 
2018, Portuguese public hospitals represented 30.1% of current health expenditure, equiva-
lent to 2.5% of GDP, while private hospitals make up only 0.9% of it.11

The principle of Free Access and Circulation (Livre Acesso e Circulação—LAC) allows 
that the hospital unit’s choice is no longer limited to the user’s residence area. This meas-
ure promoted competition among NHS hospitals since their choice depends on the waiting 
times for emergency care, outpatient care, and surgeries.12 Be that as it may, hospitals and 
HCs have influence areas, which correspond to geographic areas to which these hospitals 
offer health care.11 The direct influence area of a hospital covers the entire population that 
lives around it in a pre-defined region. In contrast, the indirect influence area encompasses 
the population referenced for that unit.13

On the one hand, from the hospitals covering larger areas (Hospital do Espírito Santo, 
Trás-os-Montes and Alto Douro HC, Setúbal HC, and Algarve University HC), only one 
coincides with the highest residents number (Algarve University HC). All the others are in 
the north and south countryside and in Alentejo Litoral, where the number of inhabitants 
is small. These hospitals’ high area means that users must travel considerable distances to 
reach the health care unit. On the other hand, the entities that cover a small area (Lisbon 
North University HC, Lisbon Central University HC, Western Lisbon HC, Porto University 
HC, Hospital Garcia da Orta, and São João University HC) are located in the metropolitan 
areas of Lisbon and Porto. The population is dense there and, as such, require more struc-
tures to meet the resident’s needs. The Hospital Professor Doutor Fernando Fonseca is the 
one that serves the largest number of inhabitants because it is responsible for the second-
most populous municipality in Portugal (Sintra) and the municipality with the highest pop-
ulation density (Amadora).

Regarding the relative weight of the three age groups (0–14, 15–64, 65 +) of the popula-
tion served by each hospital, it is evident that the population covered by the Algarve HC 
is in the extremes of the age groups. It exceeds the average weight on the age group 0–14, 
is in the second region with the highest gross birth rate, but is close to the average value 
for the population over 65.14 The same does apply to the Setúbal HC, which covers a large 
geographical area, and the Barreiro-Montijo HC. The HCs of Barreiro-Montijo, Oeste, and 
Póvoa do Varzim/Vila do Conde mainly serve young people since the 0–14 age group’s 
relative weight is above the national average weight.

Three hospitals in the Lisbon metropolitan area (Lisbon Central HC, Hospital Prof. 
Doutor Fernando Fonseca, and Hospital Garcia da Horta) exceed the average weight of 
the 0–14 age group in Portugal. This region has the highest gross birth rate. However, for 

13 See Estudo para a Carta Hospitalar, 2012: https ://www.ers.pt, [in Portuguese].
14 PORDATA: https ://www.porda ta.pt/.

9 See Relatório Dia Mundial da Saúde, 2020: https ://www.ine.pt/, [in Portuguese].
10 See https ://trans paren cia.sns.gov.pt/
11 See Conta Satélite da Saúde, 2020: https ://www.ine.pt/, [in Portuguese].
12 See Despacho no. 5911/2016 of 2nd May.

https://www.ers.pt
https://www.pordata.pt/
https://www.ine.pt/
https://transparencia.sns.gov.pt/
https://www.ine.pt/
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the same area, the Lisbon North University HC, Lisbon Central University HC, and Lisbon 
West HC have a relative weight corresponding to the age group of the elderly population 
(over 65) above the national average weight. The influence area of these hospitals has a 
high population density and, as such, the distribution of the population by age group is 
more uniform.15

Nine more hospitals and HCs (Cova da Beira University HC, Hospital Espírito Santo, 
District Hospital of Figueira da Foz, Coimbra University HC, Trás-os-Montes and Alto 
Douro HC, Médio Tejo HC, Tondela- Viseu HC, Santarém District Hospital, and Leiria 
HC) exceed the value of the average Portuguese weight for the age group 65 + . In contrast, 
they have relative weights below the national average for the remaining age groups. Their 
high aging rate characterizes the population served by these units. The Cova da Beira Uni-
versity HC stands out for having the highest relative weight (29.58%), which means nearly 
three elders per youngster.

Each hospital unit’s operating environment leads to different services provided; so, this 
must be considered when analyzing its performance.

Fig. 1  Distribution of beds in Portuguese public hospitals. Source: PORDATA   (https ://www.porda ta.pt/. 
Accessed January, 2021)

15 PORDATA: https ://www.porda ta.pt/.

https://www.pordata.pt/
https://www.pordata.pt/.
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3  Case Study: The Portuguese Public Hospitals

This section presents a case study to analyze Portuguese public hospitals’ performance. 
The case study defines the methods, sample, and variables of the current research.

3.1  Models

DEA is a nonparametric model based on linear programming. It aims to estimate the enti-
ties’ efficiency. These entities are the Decision-Making Units (DMUs); hospitals are the 
DMUs in this research. DEA estimates their efficiencies through optimal combinations 
between the consumed resources (inputs) and the resulting services or goods (outputs). The 
model uses the simple notion that an organization is more effective when it uses fewer 
resources than another to produce the same result. Alternatively, one hospital is more effi-
cient than the other if the former produces more outputs than the latter for similar levels 
of consumed inputs. Therefore, DEA estimates relative efficiency. DMUs with the highest 
ratios between outputs and inputs are considered efficient, and, through these, DEA con-
structs the efficiency frontier. Each entity is rated compared to the other constituent units of 
Best Practise Frontier (BPF). The frontier contains the best practices observed, and, there-
fore, it is considered a better approach to reality (Ferreira et al. 2013; Jacobs et al. 2006).

DEA has several strengths, including its ability to handle multiple inputs and outputs 
simultaneously without requiring a practical way of relating them. The capacity of com-
paring pairs or combinations of pairs simultaneously and the possibility of using them in 
the relative price information absence are also strengths of the model (Weng et al. 2009). 
Regarding its weaknesses, DEA is sensitive to outliers. It is also sensitive to the number of 
variables. Thus, increasing the total number of variables without increasing the sample size 
can lead to higher efficiency values due to dimensionality issues. DEA evaluates the rela-
tive efficiency; thus, the results depend on the sample under analysis (Harrison and Sex-
ton 2006). Finally, the DEA estimates represent each hospital’s efficiency under analysis 
because of the inputs and outputs nature. The inclusion of other variables, namely indica-
tors, typically expressed in terms of ratios, alongside inputs and outputs, is objectionable, 
limiting the DEA outcome’s interpretation (Olesen et al. 2015, 2017).

Motivated by DEA’s weakness, Cherchye et al. (2007) developed the BoD, whose out-
come has a broader interpretation. We may understand its outcome as a performance meas-
ure or estimate, which, depending on the variables used, is a broader concept than effi-
ciency. The BoD is a form of constant returns to scale the original DEA model by Charnes 
et al. (1978). This approach does not consider the input side, a dummy variable equal to 
one for all observations, and outputs are the key performance indicators (Puyenbroeck 
2017).

BoD constructs a CI per hospital. The CI is equal to the maximum weighted arithmetic 
mean of the indicators considered, with endogenously determined multipliers. Multipliers 
are subject to a non-negative constraint to reflect that the CI is a non-decreasing function of 
the indicators. Additionally, the relative weighting is also subject to a normalization con-
straint. If any other assessed entity uses the same set of weights, the indicator’s resulting 
value is not higher than one (Karagiannis and Karagiannis, 2018).

According to Cherchye et al. (2007), this approach depends on the concept that rela-
tive performance in a set of indicators is a preference expressed by the entity over the 
weighting of the relative indicators. BoD identifies the entities’ preferences by assigning 
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higher multipliers to indicators where the entity performs better and lower multipliers 
to indicators where performance is lower (Gaaloul and Khalfallah 2014). BoD assigns 
these multipliers to optimize (maximize) the CI, considering the specified restrictions 
(Shwartz et al. 2009).

Traditional models for the construction of CI assume that the higher the indicator’s 
value, the better the entity performance. Therefore, a hospital can improve its perfor-
mance by increasing the value of its indicators. However, there are several real appli-
cations in which there are both desirable and undesirable indicators (Calabria et  al. 
2016). To aggregate both types of indicators, Zanella et  al. (2015) proposed a model 
for the construction of CI derived from a Directional Distance Function (DDF) model 
of Chambers et al. (1996). The model avoids changing the magnitude of the undesirable 
output indicators. Equation (1) details the model of Zanella et al. (2015).

In Eq. (1), bkj represents the indicators to minimize (undesirable), and yrj represents 
those to maximize (desirable). The intensity variables are represented by �j . The vector 
g, through its components ( −gb , gy ), imposes the indicator direction (ascending and 
descending, respectively). The � factor denotes the DMU (in)efficiency extent (Zanella 
et al. 2015): if it is bigger than zero, then the DMU is inefficient; otherwise, the factor is 
equal to zero, i.e., the DMU is efficient. When one defines the directional vector as the 
outputs’ value for the DMU under scrutiny, i.e., g =

(

−gb, gy
)

=
(

−bkj0,−yrj0
)

 , the DDF 
is comparable to Shephard’s output distance function and, as such, the expression 1

1+�
 

gives the DMU efficiency value. The results obtained correspond to CIs values, which 
vary between zero and one, the latter being the value attributed to the best performance 
level observed in the sample (Calabria et al. 2016).

The CI based on BoD yields a summary performance value per observation, based 
on direct comparisons with the sample. That way, it is a fascinating resource for bench-
marking purposes, as it evaluates performance through comparison with observations. 
Another relevant aspect of CI based on BoD is the non-specification of multipliers, 
assigned to the outputs (indicators) through optimization. It avoids using a weight sys-
tem that would eventually put some DMUs at a disadvantage, as Zhou et  al. (2007) 
explained. Besides, DEA (and BoD) can handle data that presents different measurement 
units without using a previous standardization scale measurement. This particularity is 

(1)max �

s.t.

n
∑

j=1

�jbkj ≤ bkj0 − �gb, k = 1,… , l

n
∑

j=1

�jyrj ≥ yrj0 + �gy, r = 1,… , s

n
∑

j=1

�j = 1

�j ≥ 0, j = 1,… , n.
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especially impressive when the indicators cannot be converted into standard units, as 
monetary indicators (Zanella et al. 2015).

3.2  Data and Sample

All required data for this research are available in the official databases: Portuguese Health 
Ministry, the Central Administration of Health Systems (Adminstração Central do Sis-
tema de Saúde, IP),16 in the Portuguese Health Ministry open data initiative, and from the 
reports and accounts provided per hospital.17 Data collected from the reports and accounts 
are in the balance sheets and income statements.

As explained before, public hospitals in Portugal are composed of a mix of single hospi-
tals, HCs, local health units, oncology centers, psychiatric hospitals, maternities, and PPPs. 
Nonetheless, the current study focuses on the first two types of entities belonging to the 
corporate public sector (EPE). Figure 2 presents the geographic distribution of these hos-
pitals.18 The analysis focuses only on these public entities to ensure the production process 
and structural homogeneity, and ensure a fair comparison, avoiding biasing sources (Fer-
reira et al. 2018).

The substantial data absence for three HCs and two hospitals originates from their 
removal from the study. Because of that, the sample contains five single hospitals and 
18 HCs, operating between 2013 and 2016 (4 years). It results in a sample of 92 entries 
[(18 + 5) × 4 = 92]. In 2017, some original data from some entities are not available, which 
led to their suppression. Given DEA’s sensitivity to the sample size (Alirezaee et al. 1998), 
the year 2017 is analyzed in isolation, with 19 entries. The missing values were only veri-
fied in 2016 and, for an entity, were replaced by the indicator’s average value, considering 
the years when it was available (Zhu and Cook, 2007).

3.3  Variables

The choice of variables considered the following criteria: (a) a comprehensive literature 
revision, (b) availability and quality of the data for the sample and time interval considered, 
and (c) relevance for the study in question. We clustered variables into four groups: access, 
efficiency and productivity, financial, and quality. One should avoid redundant information 
as well as an excessively high number of variables. They should be enough to explain hos-
pital performance. In this way, we analyzed the correlation between variables to verify the 
association between them and redundancy (Ferreira et al. 2019). We removed some vari-
ables exhibiting high correlation and causal relationships.19 Thus, we guarantee that each 
of the remaining variables brings new and non-redundant information into the model.

19 In the Appendix online (file “Statistical analysis”) one can find the correlation matrixes associated with 
the original data. Please, go to https ://drive .googl e.com/drive /folde rs/1gBAy i1JPB 5cNo9 oclq4 rDKbL 
7hLWt XhE?usp=shari ng.

16 BENCHMARKING ACSS: https ://bench marki ng-acss.min-saude .pt/.
17 TRANSPARÊNCIA SNS: https ://www.sns.gov.pt/trans paren cia/
18 We created an Appendix online in Google Drive, URL: https ://drive .googl e.com/drive /folde rs/1gBAy 
i1JPB 5cNo9 oclq4 rDKbL 7hLWt XhE?usp=shari ng. One can find in there the map and its legend, as well as 
more details on each Portuguese public hospital.

https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
https://benchmarking-acss.min-saude.pt/.
https://www.sns.gov.pt/transparencia/
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing
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3.3.1  Access

This study considers the following variables:

 (a1) The Average length of stay indicates the stay in a health facility by patients occupying 
a bed for more than 24 h, for diagnosis, treatment, or care palliative, in days number. 
It can be considered an organizational barrier to access (Baek et al. 2018).20

 (a2) Hip fracture surgery in the first 48 h. Hip fractures represent a significant mortality 
cause, mainly if they occur in elderly users. Postoperative complications have a high 

Fig. 2  Distribution and identification of general public Portuguese hospitals

20 See “Average length of stay in hospitals” in Health at Glance, 2019 (OECD Indicators): https ://doi.
org/10.1787/4dd50 c09-en.

https://doi.org/10.1787/4dd50c09-en
https://doi.org/10.1787/4dd50c09-en


372 R. Matos et al.

1 3

incidence. Although there is no consensus on the surgery’s ideal waiting time, the 
procedure should be carried out in the first 48 h after admission (Gutacker et al. 2016; 
Lee and Elfar, 2014). In this study, this variable is considered in the access group, as 
it assesses the opportune time for orthopedic surgeons to deal with this type of case.

 (a3) The inpatient bed occupancy rate shows the relationship between the number of 
hospitalization days and the number of establishment beds. It is an access relevant 
measure as it is closely related to the waiting time and beds’ availability (Aloh et al. 
2020). Studies show that the ideal value for this indicator is around 85%. Values 
above generally represent a beds’ shortage in the hospital (Madsen et al. 2014). It is 
a variable that should be maximized up to 85% and reduced after that. Because of 
BoD specifications, this variable should only increase; thus, we transformed values 
higher than 85%, subtracting the excess percentage above 85 from this value.

 (a4) Rate of first medical appointments within time. There is a legislated maximum guaran-
teed time for (non-urgent) the first appointments in hospitals after the query appoint-
ment request. This indicator assesses the users’ proportion with their first appointment 
within the maximum period established.21

 (a5) Rate of surgeries within time. There is a legislated time waiting for surgery. This indi-
cator assesses the proportion of registered patients waiting for surgical intervention 
within the maximum legal time. 12

 (a6) Standard patients per Full-time Equivalent (FTE) doctor is an indicator of physical 
availability resources (doctors) in hospitals. High values of this indicator indicate 
doctors’ occupation and a barrier to health care access. This variable, expressed as 
a function of the standard patient, allows the comparison between different entities. 
The standard patient’s calculation is based on the hospital transformation activity, by 
heterogeneous nature, into a single production unit.22

 (a7) Standard patients per FTE nurse is also an indicator of the entity’s availability of 
physical resources, in this case, of nurses.23

 (a8) Waiting time before surgery indicates the time between patient admission and surgery, 
in the number of days, and can be considered an organizational barrier to access (Fer-
reira and Marques, 2019).24

3.3.2  Efficiency and Productivity

The efficiency and productivity indicators selected result from the expenditures ratio to the 
standard patient metric.25

 (e1) Drug expenses per standard patient. According to the Official Accountability Plan 
of the Health Ministry (POCMS), drugs represent all the products registered in the 
National Form of Drugs.26 This ratio expresses the expenses that a standard patient 

21 The Portuguese government uses both a4 and a5 to measure how hospitals answer to demand for care, 
within appropriate and legislated time. See Decree-Law no. 44/2017 of 20th April [in Portuguese] and Por-
taria no. 153/2017 of 4th May [in Portuguese].
22 vide http://www.acss.min-saude .pt.
23 vide http://www.acss.min-saude .pt.
24 See also “Waiting times for elective surgery “ in Health at Glance, 2019 (OECD Indicators): https ://doi.
org/10.1787/4dd50 c09-en.
25 The Portuguese government uses e1, e2, e3 and e4 to monitor hospitals economic dimension. See https ://
bench marki ng-acss.min-saude .pt/.
26 See Portaria no. 898/2000 of 28th September [in Portuguese].

http://www.acss.min-saude.pt
http://www.acss.min-saude.pt
https://doi.org/10.1787/4dd50c09-en
https://doi.org/10.1787/4dd50c09-en
https://benchmarking-acss.min-saude.pt/
https://benchmarking-acss.min-saude.pt/
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represents in terms of these products. Reduced values indicate a higher efficiency and 
productivity of the hospital since a standard patient represents a lower cost.

 (e2) Operating expenses per standard patient. Operating expenses are all costs involved 
in the entity’s production process, excluding costs with drugs and staff. This ratio 
indicates the operating expenses that a standard patient represents.

 (e3) Personnel expenses per standard patient. Personnel expenses consider the governing 
bodies and staff remuneration and supplements, holidays, and Christmas allowances. 
Remuneration supplements include overtime.17

 (e4) Standard patient per expenses with supplies and external services. "External sup-
plies and services" include "subcontracts" and "services." According to POCMS,17 
"subcontracts" item includes the necessary work for the production process itself. 
There are three main accounts for supply and external services such as electricity, 
water, books, office supplies, representation expenses, communications, insurance, 
transportation, travel, litigation and notary services, publicity and advertising, clean-
ing, hygiene and comfort, and specialized jobs (food, laundry, computers, and others) 
(Oliveira, 2013). Thus, this ratio indicates how many standard patients are included 
in the same cost with supplies and external services.

 (e5) Standard patients per FTE doctor.
 (e6) Standard patients per FTE nurse.

We may also include variables (e5) and (e6) in this group. Although these variables 
may also relate to the access, they can indicate hospitals’ efficiency and productivity lev-
els. Contrary to the previous description for access, these variables’ high values suggest 
that the hospital has enough resources, leading to superior products. That is, each doctor 
or nurse can provide services to more users. Therefore, we may expect some trade-offs 
between access and efficiency.

3.3.3  Financial

We based our selection of financial indicators on Burkhardt and Wheeler (2013), Counte 
et al. (1988), Karagiannis and Karagiannis (2018), Pink et al. (2006), Watkins (2000), and 
Zeller et al. (1996). Although some of them are not studies devoted to the health care sec-
tor, there are relevant hospital’ indicators. The indicators represent liquidity, profitability, 
indebtedness, and hospitals functioning.

 (f1) The average payment period indicates the average time elapsed, in days, between the 
goods and services purchase and the respective payment. High values of this indica-
tor reveal that the entity has great negotiating capacity. Therefore, it can extend the 
payment period, or on the other hand, that it has difficulty in fulfilling its obligations. 
As such, it takes longer to settle them.

 (f2) The Current liability ratio indicates whether the entity debt is mostly short or 
medium-long term. Values close to the unit reveal that most of the entity obligations 
are short-term, which is not favorable, as the entity may not have the capacity to settle 
them.

 (f3) The Current ratio reflects the ability to pay short-term obligations to current assets. 
The higher the value of this indicator, the better the hospital’s financial situation in 
the short term. Ideally, it should be higher than the unit.
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 (f4) Equity ratio. It indicates the extent to which the asset is financed by equity. That is, 
it reflects the financial strength and the entity’s ability to meet its non-current obliga-
tions. A low value of this indicator reflects the entity’s high dependence on third-party 
capital.

 (f5) The Operating leverage evaluates the impact of fixed costs on entity activity. The 
higher the value of fixed costs, the greater the entity rigidity and the higher its opera-
tional risk, since a large part of the contribution margin is absorbed by fixed costs. 
Thus, the higher this indicator, the greater the business risk.

 (f6) Operating margin. It indicates the profit generated per unit of sale and service pro-
vided after considering the production’s variable costs. An increasing value of this 
indicator shows that the entity is increasing its efficiency.

 (f7) Return on Assets (ROA) reveals the entity’s performance in the period considered 
from its assets. ROA assesses the entity’s capacity to generate financial results through 
its assets. This indicator is computed before the impact of depreciation and amortiza-
tion expenses, financing expenses, and income tax. Higher values of ROA indicate 
that the entity has a better performance in the use of its assets.

 (f8) Return on Equity (ROE) denotes the capacity of the entity equity to generate a finan-
cial return. ROE evaluates the efficiency and capacity of investment management to 
produce financial results. The higher its value, the better the entity’s performance in 
the use of investments.

 (f9) Return on Investment (ROI) indicates the leverage degree influence on results and 
return on equity. It allows assessing the possibility of taking advantage of financial 
leverage to increase the company’s results and profitability. The higher the value of 
ROI, the better the company’s performance in using its investments.

 (f10) Return on Sales (ROS). It indicates the profit that is generated by each sales unit or 
service provided. The interpretation of this indicator is like the operating margin 
indicator (f6).

 (f11) The Solvability reveals the entity’s ability to settle its obligations with third parties. 
When taking the unit value, this indicator suggests that the entity has enough capital 
to cover its credits.

We considered the ROE and ROI indicators when analyzing and interpreting the enti-
ties’ performance results only. ROE is the ratio between the net income of the period and 
equity. At the same time, ROI is the earnings before taxes per equity. Although not con-
sistently, some hospitals present negative values to all these items from the balance sheet. 
Therefore these profitability ratios have positive values. It goes against the entities’ techni-
cal bankruptcy situation, indicating a "false" better profitability situation than hospitals that 
are not in bankruptcy. The entity is in technical bankruptcy when equity exhibits a negative 
value, as liabilities are superior to assets.27 Hospital equity negative values are mainly due 
to transited results that sometimes accumulate to the period’s negative net income. Never-
theless, one should note that other indicators consider the financial items that makeup ROE 
and ROI indicators, so they continue to be part of this analysis.

The current ratio, operating margin, ROS, and Solvability present a significant correla-
tion. To avoid overlay, we aggregated them into two new variables via principal compo-
nent analysis. Since variables have different measurement units, they were divided by their 
standard deviation before applying the method. No data was centering (subtraction from 

27 See Decree-Law no. 315/98 of 20th October [in Portuguese].
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the original data of its arithmetic mean) to avoid negative values. The new variables, (f12) 
and (f13), explain at least 95.98% of the original data variance, which means that they are 
good representations of hospitals’ financial behavior. Equations  (2) and (3) describe the 
variables (f12) and (f13), respectively.

BoD does not accommodate negative indicators, which leads to a limitation regarding 
financial indicators (Karagiannis and Karagiannis, 2018). Several indicators have non-pos-
itive values, in any case. Thus, it was necessary to transform those with negative values, 
using data translation, by adding the observation’s absolute value with the most negative 
value. It is an approach suggested by Zhu and Cook (2007) and applied by Zanella et al. 
(2013). Such a transformation does not change the meaning of variables because of the 
data shift to positive values.

3.3.4  Quality

Following Ferreira et al. (2019), we classified quality variables into two major groups: (a) 
care appropriateness and (b) clinical safety. Clinical safety includes indicators assessing 
entities’ ability to prevent complications in health care. In contrast, the ability to provide 
adequate, evidence-based health care constitutes the other group of quality indicators (Fer-
reira et al. 2019).

In the present study, the quality indicators selection considered the indicators used by 
the Portuguese Government in the financing proposals and the list available by the North 
American Agency for Healthcare Research and Quality.28 The quality indicators consid-
ered, organized by groups, are:

3.3.4.1 Care Appropriateness 

 (q1) Cesarean section rate (without justification). According to the World Health Organi-
zation (WHO), cesarean sections, unless performed for justifiable medical reasons, 
should be avoided, as, like any surgery, they carry immediate and long-term risks.29

 (q2) Outpatient surgeries on potential outpatient procedures. Outpatient surgeries include 
scheduled surgical procedures carried out on an inpatient basis, in which the patient 
is admitted and discharged to her/his home on the day of the intervention or within a 
maximum of 24 h. This type of surgery represents a relevant instrument for increas-
ing the hospital’s effectiveness, quality of care, and efficiency. Indeed, it allows not 
only the hospitalization dedication to situations more complicated but also health 
expenditure rationalization.30

 (q3) Rate of inpatients staying for more than 30 days. Hospital prolonged length of stay has 
consequences for the healthcare provided effectiveness and the patient health status 

(2)f12 = 0.968
solvability

�(solvability)
+ 0.964

current ratio

�(current ratio)

(3)f13 = 0.971
ROS

�(ROS)
+ 0.966

operating margin

�(operating margin)

28 www.ahrg.gov.
29 See WHO statement on caesarean section rates, 2015: https ://www.who.int/, [in Portuguese].
30 See Despacho no. 1380/2018 of 2nd August.

http://www.ahrg.gov
https://www.who.int/
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quality. The increase in hospitalization days results in a higher risk of infection and 
deterioration in treatment quality. Therefore, 30 days may not be adequate (Baek et al. 
2018).

 (q4) Rate of readmissions within 30 days after discharge. Hospital readmissions, when 
unplanned, can represent deficiencies in satisfying the needs corresponding to a given 
disease. Thus, it is relevant for hospital entities to identify an entity’s effectiveness 
to provide care and the patient’s ability to recover (Chowdhury and Zelenyuk, 2016; 
Dahl and Kongstad, 2017).

3.3.5  Clinical Safety

 (q5) Postoperative pulmonary embolism/ deep vein thrombosis rate evaluates cases of 
pulmonary embolism/ deep vein thrombosis in 100,000 surgical procedures. It is the 
third leading cause of hospital death, although it is the most preventable (Goldsmith 
et al. 2008). Hence, this indicator reveals the hospital entity’s capacity to deal with 
these episodes, namely, in the pulmonary embolism/ deep vein thrombosis prophy-
laxis.

 (q6) Postoperative septicemia rate evaluates cases of sepsis in 100,000 surgical procedures. 
It is a significant cause of hospital mortality and a significant contributor to health 
spending in developed countries. However, treatments are not always consistently 
administered (Darby et al. 2019). This indicator assesses the hospital’s capacity to 
handle these epidemics.

 (q7) Trauma on vaginal delivery (instrumented and non-instrumented) with lacerations of 
third and fourth degree. This indicator assesses the obstetric care quality in hospitals. 
Patient safety during delivery is assessed through potentially perineum preventable 
lacerations. Lacerations are not always preventable, but they can be reduced through 
quality obstetric care.31

Basic DEA models (including BoD) require that the data is preferably positive. Thus, 
and as suggested by Bowlin (1998), we replace the blank entries of the variables (q1), (q5), 
(q6) e (q7) with a minimal positive value that does not exceed the minimum non-null value 
of the variable in question. DEA models optimize the performance of each DMU and, as 
such, emphasize variables with better performance. Thus, according to Bowlin (1998), 
changing the null value to a low value does not affect the efficiency score inappropriately 
(Zhu and Cook 2007).

Data unavailability relating to variables (q6) and (q7) for the year 2017 leads them to be 
excluded from analyzing the entities’ performance that year.

3.3.6  Variables Synthesis

In this sub-section, a summary table (Table 1) identifies the 28 variables used in this case 
study and the direction that each should take. The desirable variables have an upward 
direction; that is, the higher the value, the better. In contrast, the undesirable variables have 
a decreasing direction; the lower the value, the better. The direction considers the informa-
tion previously provided and, in case of access, efficiency and productivity, and quality 

31 See “Obstetric trauma” in Health at Glance, 2017 (OECD Indicators): https ://doi.org/10.1787/healt h_
glanc e-2017-38-en.

https://doi.org/10.1787/health_glance-2017-38-en
https://doi.org/10.1787/health_glance-2017-38-en
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variables strictly follow the indications from official sources.32 Variables descriptive statis-
tics are also presented.

3.4  Methodology Specification

Through the exposed method in Sect. 3.1, we construct a CI per group, which allows the 
construction of an overall performance indicator. In that case, we apply the BoD model to 
each group (partial CIs) and the resulting outcomes as new observations for a final BoD 
model, which estimates the overall CI.

The BoD approach assumes compensability among the indicators. If a hospital entity 
has an unusually high value for an indicator to be maximized, that entity can dominate the 
others in that specific dimension. Thus, it obtains the maximum performance score because 
all the other indicators have a null multiplier (Calabria et al. 2016; Morais and Camanho, 
2011). Although Vitoli et  al. (2014) have suggested that the directional BoD does not 
suffer from the compensatory issue, we did not find evidence that as many zero multipli-
ers appear when constructing the overall CI. It imposed the use of weight restrictions, as 
detailed below.

In the overall CI, we imposed limits on multiplier values to ensure that all indicators are 
accounted for in the performance evaluation (Calabria et al. 2016; Cherchye et al. 2007). 
To do so, we applied the Assurance Regions type I (ARI) restriction proposed by Thomp-
son et al. (1990). This type of constraint incorporates information about substitution mar-
ginal rates between inputs and outputs. Equation (4) restriction was added for each output.

The L and U parameters correspond to the upper and lower limits that the output multi-
plier (u) ratios can assume. We decided to define the lower limit as 0.25 (L) and the upper 
limit as 0.75 (U), in line with Ozcan (2016).33

Given the four indicator groups, one may formulate two distinct scenarios. The sce-
nario I considers Standard patients per FTE doctor and Standard patients per FTE nurse in 
access. Scenario II assumes those variables in the efficiency and productivity group.

We based our methodology on annual frontiers (only the DMUs of the same year per 
analysis), and metafrontier (from a pooled sample considering all years). The latter consid-
ers that a hospital in time t is not the same that the "same unit" in time t + 1. It is an accept-
able hypothesis because a hospital’s functioning is not static, changing with time (Ferreira 
and Marques 2014). However, it only makes sense if the time lag is not sufficiently large.

One easy way to test a frontier shift during the whole period is by comparing the meta-
frontier with its corresponding annual frontiers. Because of it, we applied the Kruskal–Wal-
lis test to the CIs across the two types of frontiers. Results show that, at 5% significance, 
there is evidence to reject the null hypothesis that single frontiers and their corresponding 
metafrontiers overlay. As a result, there is no evidence of frontier stability in time, and 
the results are dependent on the years. Thus, we direct our exposition towards the results 
obtained through annual frontiers. However, the results obtained through the metafrontier 
can be provided by the authors if required.

(4)Lr,r+1 ≤
ur

ur+1
≤ Ur,r+1 r = 1,… , s

32 BENCHMARKING ACSS: https ://bench marki ng.acss.min-saude .pt. /.
33 Multipliers are in the online appendix, available at: https ://drive .googl e.com/drive /folde rs/1gBAy i1JPB 
5cNo9 oclq4 rDKbL 7hLWt XhE?usp=shari ng.

https://benchmarking.acss.min-saude.pt
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
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We used the MATLAB R2018a software to perform all computations. MATLAB is 
known for its high-performance proprieties, making it optimal for matrices manipulation 
and algorithms running.

4  Results and Discussion

To avoid a too large paper, we provide some results in Appendix A file (online).34 How-
ever, the principal results and discussion are as follows.

4.1  Period 2013–2016

Figure 3 provides the CIs’ global average and the number of entities classified as bench-
marks per group of variables, both for Scenario I. It should be mentioned that a comparison 
between Scenario I and Scenario II did not return any meaningful differences in CIs after 
the application of the Kruskal–Wallis test and the Spearman’s ranking correlation over the 
results of both scenarios. Provided that the difference between them is where the variables 
Standard patients per FTE doctor and Standard patients per FTE nurse are used (access 
group in Scenario I, and efficiency and productivity group in Scenario II), no statistical 
differences mean that the category where we included those variables has no significant 
impact on performance (as long as they have been considered somewhere in the model).

Given the study purpose, the first analysis comprises the four groups of performance 
comparison. Because of that, the Kruskal–Wallis test concluded that results show statis-
tically significant differences among groups, rejecting the null hypothesis at the 5% sig-
nificance level. It suggests that entities’ performance varies according to the variables 
group and corroborates the notable differences in the averages CIs and benchmark entities 
number.

Regarding the average entities’ performance, it assumes high values in most groups. It 
is superior in the access group. The categories in which the entities exhibit the worst aver-
age performance is efficiency and productivity group. These results suggest that hospitals 
perform worse than expected in their goods and resources consumption associated with the 
hospital’s production process expenses. A high number of expenses combined with inef-
ficient management leads to poor hospital performance.

Another proper appreciation is based on the CI interval since they indicate the mag-
nitude of the distance between the best and the worst performance for each perspective 
(Calabria et al. 2016). On the one hand, from Fig. 4, we verify that the difference in perfor-
mance between entities is more noticeable in the quality group. On the other hand, we find 
the smallest difference in the access group. It means that there are more discrepancies in 
terms of care appropriateness and clinical safety than in terms of resource exploration and 
care services provision.

It is interesting to note that findings regarding the entity performance vary according 
to each variables group. Furthermore, the possibility of the trade-off occurrence between 
the four dimensions is considered. An "optimum" value of CI in one implies the detriment 
of the others’ entity performance. Figure  5 shows scatter plots between the four groups 

34 Please, see the MS-Excel file “Scores” in https ://drive .googl e.com/drive /folde rs/1gBAy i1JPB 5cNo9 
oclq4 rDKbL 7hLWt XhE?usp=shari ng.

https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
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indicators under analysis to identify four quadrants from the indicators’ averages. The val-
ues above the average are considered "high," while the remaining are considered "low." 
Many entities are in the second and fourth quadrants; they present a "high" value in one 
dimension and "low" in the other.

Additionally, it is worth highlighting that, considering the entities to which each group’s 
minimum CI values corresponded, only two do not constitute benchmarks in the other 
groups. Healthcare providers must reduce waste and improve their performance, which 
may imply the sacrifice of another dimension. In other words, this means that patients’ 
clinical safety is compromised due to improving financial performance need, particularly 
regarding reducing debt and costs. In this sense, considerable efforts must be made to 
improve each dimension without sacrificing others.

Regarding the overall CIs, we started by allowing total flexibility in the multipliers’ defi-
nition to allocate to indicators. It allowed us to define which entities have low performance, 
i.e., those that even with the option of "selecting" "optimal" multipliers are not considered 
benchmarks (Calabria et al. 2016). Overall, 16 "different" entities have been identified in 
this situation. For the set of entities that did not reach the best performance score, infor-
mation obtained through identifying benchmarks or best practices and the performance in 
each group can be used to guide improvements. It is worth mentioning that most of the 
identified entities present a technical bankruptcy situation. That is, negative equity and that 
part of them were identified as less efficient in one of the groups. Thus, these can be the 
causes of the overall poor performance.

From a global performance perspective, entities have a relatively high average perfor-
mance. Even so, the average inefficiencies’ value corresponds to 498 thousand euros of 
current expenditure on hospital care. In total, we identified nine "different" benchmark 
entities. Of them, none is a teaching hospital, and two are not HCs. It seems that the dimen-
sion and the services accommodated by the entities influence their performance. Also, this 
result does not seem to reflect the technical bankruptcy situation of three of the entities. 
From these results, it is possible to infer that:

(a) The BoD model disregards the indicators that include equity when recognizing the 
entity preferences about indicators to maximize the CI value (Shwartz et al. 2009); and

(b) Despite the situation of technical bankruptcy, the entity’s relative overall performance 
is "excellent," considering that the change in net worth, the negative value of most 
entities is due to the increase in statutory capital and not a consequence of the financial 

Fig. 3  Leading results per group (2013–2016)
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management practiced. So, the fact that entities are in this situation is not a determinant 
of their performance.

We should note that, in 2015 and 2016, the number of benchmark entities decreased. 
Special attention for 2015, in which no entity had an "excellent" performance and coin-
cided with the year in which the average performance was the lowest. Despite being a 
recovery period (2015–2016) from the financial crisis, it seems that the effects of budget 
cuts were felt in the entities’ overall performance in the two years in question.

The overall CI is a useful tool when the objective is to consider the DMU from a global 
perspective. It offers an integrated view of all categories under analysis, with economic and 
financial indicators. For example, it can be useful to identify where intervention is needed 
to improve hospital performance (Morais and Camanho, 2011).

Table  2 shows different relative positions per entity according to the overall perfor-
mance (Rg) and the performance per category in 2016. Ra indicates the rank of hospitals in 
terms of access. Meanwhile, Rep, Rf, and Rq refer to efficiency and productivity, financial, 
and quality, respectively. In turn, Rg-Ra represents the change in the entity position from 
the overall performance rank and the access rank. Similarly, Rg-Rep, Rg-Rf, and Rg-Rq 
represent the change in the entity position for other ranks.

We can observe some differences between the five rankings. In most cases, in overall 
performance, entities occupy a lower position than in each category. Quality is the category 
where this change is most noticeable. However, there is a significant positive correlation 
between the overall ranking and access, financial, and quality rankings.35 The correlation 
coefficients indicate a results association. We expected this result since the overall ranking 
depends on each of the remaining groups’ relative positions. Nevertheless, it also demon-
strates the overall CI robustness, capturing the entities’ performance in each group.

Fig. 4  Distance between the best and the worst performance for each group

35 The interested reader may find a Spearman’s rank correlation matrix in the MS-Excel file “Statistical 
analysis” attached to the Google Drive folder in https ://drive .googl e.com/drive /folde rs/1gBAy i1JPB 5cNo9 
oclq4 rDKbL 7hLWt XhE?usp=shari ng.

https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
https://drive.google.com/drive/folders/1gBAyi1JPB5cNo9oclq4rDKbL7hLWtXhE?usp=sharing.
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It is worth mentioning that rankings construction aims to motivate improvements in the 
hospital sector, promoting higher overall performance levels (Calabria et al. 2016). In turn, 
it contemplates improvements in access, efficiency and productivity, financial, and quality 
levels.

In line with this study’s purpose and innovation, we constructed an overall CI with-
out the financial dimension to compare with the general CI obtained, including the four 
dimensions. The overall performance results, including or excluding the financial group, 
have different distributions, which leads to the Kruskal–Wallis test’s null hypothesis 
rejection at a significance level of 5%. The financial group’s inclusion generally leads to 
a lower performance value and changes in each entity’s relative position. As expected, 
the financial group harms the hospital’s performance, given the indebtedness level that 
they present, affecting their liquidity, profitability, and structure. Although profit is not 
one of the hospital’s goals, their financial situation has implications for users’ health 

Fig. 5  CIs between each group scatter plots
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care provision. Findings suggest that new strategies should be adopted considering the 
financial dimension. It is an exciting category of variables for organizational perfor-
mance. It offers new perspectives and a benchmarking tool for hospitals to maximize 
their performance, which may complement the analyses carried out before. For instance, 
because of the absence of a financial group of variables in Ferreira and Marques (2020) 
paper, their results about PPPs’ relative performance and public hospitals can be some-
how biased. It demands a new analysis for its managerial relevance, this time consider-
ing both financial and efficiency groups of variables.

Given the public health crisis caused by Covid-19, it is interesting to discuss, albeit 
theoretically, the expected deterioration in financial performance, and consequently, 
hospitals’ overall performance. This new pandemic outbreak required a massive invest-
ment in hospital resources, both human and material. An increase in debt should sig-
nificantly impact financial performance associated with the recurrent health sector sub-
budgets and the lack of proper hospital management incentives. This pandemic outbreak 
reinforced the need to guarantee proper economic and financial hospital functioning, 
where the articulation of all dimensions (access, efficiency, productivity, financial, and 
quality) is paramount. Some authors (Ferraz et  al. 2020b; Mariano et  al. 2020) have 
used DEA-like models to evaluate the health systems’ performance in this pandemic 
context and concluded that region-focused actions are mandatory to prevent these 

Table 2  Entities’ ranking according to overall performance and in each group and several comparisons

a HC, hospital center

Entitya Rg Ra Rg-Ra Rep Rg-Rep Rf Rg-Rf Rq Rg-Rq

Póvoa de Varzim/Vila do Conde HC 1 1 0 1 0 1 0 1 0
Figueira da Foz Distric Hospital 1 1 0 1 0 1 0 1 0
Entre Douro e Vouga HC 3 1 2 13 − 10 1 2 1 2
São João University HC 4 1 3 1 3 1 3 1 3
Garcia de Orta Hospital 5 9 − 4 11 − 6 1 4 1 4
Médio Ave HC 6 20 − 14 18 − 12 1 5 1 5
Tâmega e Sousa HC 7 1 6 1 6 12 − 5 1 6
Lisboa Central University HC 8 1 7 17 − 9 1 7 13 − 5
Médio Tejo HC 9 13 − 4 22 − 13 1 8 14 − 5
Leiria HC 10 17 − 7 12 − 2 1 9 1 9
Algarve University HC 11 1 10 21 − 10 1 10 17 − 6
Santa Maria Maior HC 12 11 1 10 2 18 − 6 1 11
Lisboa Ocidental HC 13 1 12 16 − 3 13 0 15 − 2
Trás-os-Montes e Alto Douro HC 14 16 − 2 15 − 1 16 − 2 1 13
Cova da Beira University HC 15 15 0 23 -8 1 14 19 -4
Barreiro/Montijo HC 16 10 6 20 -4 14 2 22 -6
Tondela-Viseu HC 17 18 -1 9 8 20 -3 1 16
Santarém Distric Hospital 18 19 -1 19 -1 15 3 1 17
Lisboa Norte University HC 19 23 -4 8 11 17 2 23 -4
Porto University HC 20 12 8 1 19 21 -1 16 4
Vila Nova de Gaia/Espinho HC 21 14 7 1 20 22 -1 20 1
Coimbra University HC 22 22 0 14 8 19 3 18 4
Professor Doutor Fernando Fonseca Hospital 23 21 2 7 16 23 0 21 2
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systems from collapse. This study paves the way for the use of composite indicators (or 
others based on benchmarking techniques) to assess hospitals’ efficiency in the face of 
pandemic outbreaks like the one of Covid-19.

4.2  The Year 2017

The analysis for 2017 does not include the same variables or the same entities as before. 
Although comparison with the remaining years is not possible, it is essential to note that 
the average performance in the financial and quality categories has decreased significantly. 
The same was true for overall performance. Hospitals’ performance seems to be under-
mining, so analysis with more recent years would be interesting to verify this reality and 
prepare an intervention to reverse it. Nevertheless, average performance stays better in 
terms of access and quality instead of efficiency, productivity, and financial dimensions. 
The main findings of the rankings also remain as well as the need to include the financial 
dimension.

This year, the difference in performance between entities is more noticeable in the finan-
cial group. It means that there are more discrepancies in terms of liquidity, profitability, 
indebtedness, and hospital structure. This fact goes against the increase in expenses that the 
entities represent. It is essential to implement policies that guarantee hospitals’ financial 
sustainability using, for example, acceptable practices of the benchmarks. This suggestion 
should improve financial performance in general and reduce discrepancies that, in turn, can 
influence the hospital’s entire operation. Therefore, it is possible to take advantage of all 
entities instead of privileging some.

After all, the overall average performance is considerable (above 0.856). We identi-
fied just three hospitals as benchmarks: Leiria Hospital Centre, EPE; Hospital Distrital da 
Figueira da Foz, EPE; and Hospital Garcia de Orta, EPE. These results reinforce the idea 
that dimensions and services accommodated by entities may have influence.

5  Implications and Recommendations

We may identify several stakeholders for whom these findings may concern:

5.1  Policymakers and Regulators

Besides contributing to health gains, one should expect that political action in health may 
reduce poor health outcomes and inequity in treatment access. Policymakers analyze the 
proposals and decide on the regulation and hospital organization mechanisms (Ferreira and 
Marques, 2020). The results drawn by this study may help as they make evident that hospi-
tals can maximize their performance by improving some (if not all) categories. A balance 
between access, efficiency, and productivity, financial, and quality must be achieved. So, 
one must conduct a considerable effort to improve each dimension without sacrificing oth-
ers. It also points out a new aspect (financial dimension) as the benchmarking tool, which 
may help reducing health expenditure.

Administrate based on this new evidence possibly brings benefits not only for hospi-
tals but for the NHS sustainability. Policymakers should use contracts and associated bun-
dle payments to impose penalties and prizes according to the overall performance or in 
each group. These contracts’ objectives should consider the results discussed to encourage 
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acceptable practices (Ferreira and Marques, 2019). The findings presented in this study 
should also be considered for updating the new management model,36 including the four 
dimensions for efficiency analysis and not just costs per standard patient. Consequent funds 
allocation, associated with audits that avoid opportunistic behavior by agents, could ben-
efit hospitals’ debt recovery. Hence, extraordinary regularizations that "reward" inefficient 
management should be avoided.

Mainly, Portugal’s public hospitals are funded based on contracted production, being 
fixed a price per patient seen in one service. This price can be computed using different 
ways, but, in general, it follows the minimum unitary cost observed for a given group of 
hospitals. Ferreira et al. (2019) suggested that payments should be based on performance 
because unitary prices should be computed using efficient costs. In this case, the efficiency 
would result from a benchmarking exercise with appropriate adjustment for the opera-
tional environment, quality, and access. Nonetheless, their proposed framework may lack 
simplicity and transparency because many parameters must be defined, namely the mini-
mum acceptable level of fair quality for a hospital being considered a potential benchmark 
for efficiency assessment. Once the set of possible benchmarks has been defined, a fron-
tier is constructed, and efficiency levels are estimated regarding it. Instead of fixing such 
parameters, we may take advantage of our rankings achieved using each group of variables 
(access, quality, efficiency and productivity, and financial) individually or the overall per-
formance instead.

Let us consider the latter case and, accordingly, the second column of Table  2. We 
observe that hospital centers of Lisboa Norte University, Lisboa Central University, Lisboa 
Ocidental, and Porto University were positioned in lower rankings than the hospital center 
of São João University. These entities operate in similar conditions as they are in Portu-
gal’s two biggest cities and face identical epidemiology. Therefore, São João University’s 
hospital center would be the only entity constructing a frontier against which the other four 
would be benchmarked. The four main performance dimensions would then adjust their 
prices. Naturally, the decision-makers can be less rigid and define as potential benchmarks 
those in ranks 10 or above, for instance. In this case, the frontier would be constructed 
using data of both hospital centers of São João University and Lisboa Central University.

Regulators have the onus of checking healthcare providers’ performance, ensuring that 
all dimensions of performance are above the minimum level required and fixed by contrac-
tual terms. Remarkably, they should guarantee that the public money is well spent for the 
public well-being. Using the partial CIs developed in this study, regulators get a tool allow-
ing them to control for fluctuations in performance and to determine in which performance 
dimension these fluctuations occur. Thus, they may act and impose preventive and correc-
tive measures (like penalties) for poor performance and enforce deadlines for correcting 
deviations from the expected behavior.

5.2  Citizens

As users of the NHS, citizens should become more informed. According to the available 
resources and the respective organizational rules, they have the right to choose health ser-
vices. They have the right to receive, promptly, and within a period considered clinically 
acceptable, the appropriate health care they need. So, their decision should be as informed 
as possible. Furthermore, once inserted into a democracy, their judgments can be decisive 
in national politics.
36 See Despacho no. 51/2018 of 27th June [in Portuguese].
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The results presented in this paper may also influence the citizens’ choice as, in Por-
tugal, since 2018, they are free to choose the provider they want to be treated. Notwith-
standing the hospital’s distance, citizens (as potential patients) should make their choices 
based upon dimensions like quality, timeliness, and resource availability. Therefore, if they 
know the top hospitals in these dimensions, they may decide based on condensed (rather 
than scattered) information. Since, as mentioned before, hospitals are financed according to 
their production levels, lower budgets accompany a decrease in these levels as the money 
follows the customer. Thus, hospitals are forced to adopt strategies to improve the quality 
and access to their services to keep their patients satisfied or attract more patients. It is a 
basic competition framework that is likely to produce gains in both quality and efficiency 
of resource utilization in the medium- or long-term, with savings for the exchequer.

5.3  Hospital Managers and Clinical Staff

In the decision-making process, managers must consider the available evidence resulting 
from a credible investigation. The acceptable practices identified and the new tools should 
be considered in the management carried out by the managers and clinical staff. Besides, 
considerable effort must be made by the hospital managers towards the improvement of 
each one of four dimensions without jeopardizing the remaining ones (Oliveira, 2013).

Here regulators and policymakers also play an essential role by enforcing the managers 
and clinical staff accountability for the poor or good results achieved. For instance, prizes 
may reward the managers and staff if the hospital is first in all (or some) rankings during a 
specific time window. In opposition, they may also be penalized for poor outcomes, mostly 
if the hospital was ranked below a fixed threshold. These prizes and penalties are already 
foreseen in annual contracts with the Ministry of Health, but they focus only on the hospi-
tal’s budget as a whole. Thus, managers and staff are neither directly affected by poor nor 
by good outcomes, and the current policy is not encouraging meritocracy. To overcome 
this issue, we suggest adopting some frameworks introduced by the so-called New Pub-
lic Management, namely: (i) Satisfaction surveys to clinical staff to understand the main 
drivers of dissatisfaction with the working place and solve them to retain talent; (ii) Sat-
isfaction surveys to the patients to scrutinize the factors of dissatisfaction with the service 
provided—although customers usually cannot evaluate the technical quality of the staff, 
they can rate their social skills, essential in any healthcare service, as well as the quality of 
the infrastructure; it is well known that patients’ dissatisfaction may result in low adhesion 
to prescribed therapeutics and, hence, poor recovery, which should impact on the hospital 
performance; and (iii) Performance assessment of staff, based on fixed and feasible goals.

6  Summary, Limitations, and Future Work

The present study analyzed Portuguese public hospitals’ performance based on their eco-
nomic and financial indicators. With implications for policymakers, hospital managers, 
and public opinion, it becomes evident that overall performance should improve consider-
ably. The financial dimension is a vital aspect for entities, even if their objective is not to 
generate profit. The most significant potential for improvement lies in this dimension and 
both efficiency and productivity. Health care providers must improve their performance in 
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one dimension, which may imply the sacrifice of another. It means that there are potential 
trade-offs between the access, efficiency and productivity, financial, and quality groups, as 
they are somehow associated.

This study uses a beneficial tool for performance assessment when desirable and unde-
sirable indicators are available, facilitating the financial dimension’s accommodation. 
Besides that, the approach presented here allowed to rank the hospitals, motivate improve-
ments in the hospital sector, and promote a higher overall performance level achievement.

The intention was to contribute to benchmarking studies with innovative, more com-
plete, and comprehensive research, especially in the hospital sector. Nonetheless, the 
results presented here are not definitive. We must compare them with other studies con-
structed a posteriori, considering new and latest data (and, possibly, new groups of perfor-
mance). Furthermore, new studies should accommodate the financial component, namely 
incorporating the ROE and ROI indicators. Due to the imperfect knowledge of data, the 
inclusion of previously excluded entities would also be fascinating to validate the exposed 
results.

In addition to the variables considered, there are external factors that affect hospital per-
formance. Thus, it would be relevant to consider similar research that includes environ-
mental variables as exogenous factors. Although there is no consensus on the best tech-
nique to use, we may recommend the order-m model.

Derived from the methodology used, one should note that the values of CIs depend on 
(a) the sample in question, (b) the variables chosen as indicators and, in the case of the 
overall CI, (c) the scheme and limit values imposed on the multipliers (Greco et al. 2019). 
Thus, any change in these aspects can lead to significantly different results from the ones 
presented in this study. Furthermore, the data processing carried out, although valid, can 
affect results. Accordingly, these indicators should be monitored frequently, and the CIs 
computed once data have been collected. The evolution in time of these synthetic indica-
tors can be evaluated through the Malmquist index.

Another remark regards the compensatory nature of the classic version of BoD, which 
was observed by the existence of many zeros in the multiplier set initially obtained. 
Although some multicriteria decision analysis tools undertake that compensatory nature, 
it is often a criticism used against those widely spread techniques. The BoD and DEA are 
no exception. Nonetheless, developments to solve this issue are scarce. For instance, built 
upon De Muro et al. (2011), Vidoli et al. (2015) suggest the application of a penalty equal 
to 1−(cvi)2, where  cvi is the coefficient of variation of the multipliers of each entity i. If 
there is a compensation of some key performance indicators, this coefficient tends to be 
large, increasing the penalty. In opposition, in the absence of compensation, the coefficient 
is zero, and the adjusted CI is the same as the original for entity i. Naturally, a zero coef-
ficient of variation only occurs when all multipliers are equal, hence likely not optimal. 
In our case, considering the scenario before weight restrictions, penalties would not lead 
to different rankings because multipliers were one (for only an indicator) or zero (for all 
the others). Instead, imposing weight restrictions reduced the compensatory nature of the 
classic version of BoD (González et al. 2018), as zero multipliers vanished and the coef-
ficient of variation reduced considerably. Thus, the adjusted and original CIs achieved 
after weight restrictions are very similar. Given the considerable range of possible weight 
restriction frameworks, in the future, we shall test the robustness of our results, applying 
the suggested penalties for better discrimination of results.

A final remark concerns the robustness of our results. We did not evaluate it to avoid a 
too large manuscript. However, we expect, in a little while, to compare the current results 
to others achieved using different aggregating methodologies, including the robust order-m 
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BoD (Fusco et al. 2019; Vidoli and Mazziotta 2013), the multiplicative BoD (Verbunt and 
Rogge 2018; Van Puyenbroeck and Rogge 2017), the Mazziotta-Pareto Index (De Muro 
et  al. 2011; Mazziotta and Pareto 2020), and the multicriteria decision analysis tools 
belonging to the ELECTRE or UTA families (Samira et al. 2019).
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