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Abstract There is a gap between the demand and supply of
efficiency analyses within primary care (PC), despite the
threatening financial sustainability of health care systems.
This paper provides a systematic literature review on PC
efficiency analysis using Data Envelopment Analysis
(DEA). We reviewed 39 DEA applications in PC, to under-
stand how methodological frameworks impact results and
influence the information provided to decision makers. Stud-
ies were combined using qualitative narrative synthesis. This
paper reports data for each efficiency analysis on the: 1)
evaluation context; 2) model specifications; 3) application of
methods to test the robustness of findings; 4) presentation of
results. Even though a consistent number of analyses aim to

support policymakers and practice managers in improving the
efficiency of their PC organizations, the results indicate that
DEA –at least when applied to PC- is a methodology still in
progress; it needs to be further advanced to meet the complex-
ity that characterizes the production of PC outcomes. Future
studies are needed to fill some gaps in this particular domain
of research, such as on the standardization of methodologies
and the improvement of outcome research in PC. Most im-
portantly, further studies should include extensive uncertainty
analyses and be based on good evidence-based rationales. We
suggest a number of considerations to academics and re-
searchers to foster the utility of efficiency measurement for
the decision making purposes in PC.
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Introduction

Health care systems aim to maintain, restore and improve the
health status of the population. It is therefore crucial to assess
the achievement of goals such as effectiveness, equity and
responsiveness in relation to the health care resources con-
sumed [1]. It is well recognized that primary care (PC) could
play a key role in improving health outcomes, economic
sustainability and the overall quality standards of health care
delivery [2]. PC provides easy access first contact care, coor-
dinates care across all levels of the health care system, and
provides comprehensive health care services on a continuous
basis to the majority of the population [3, 4].

The growing (complex) demand for health care, the rising
expenditures and decreasing health care budgets, put priority
setting at the top of the research agenda, paying due attention
to the performance of PC systems and providing policymakers
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with tools to better inform their decisions [5]. On account of
this background, efficiency analysis and benchmarking may
play an important role in enabling health policymakers [6, 7],
managers and providers to improve PC structures, processes
and outcomes [8], amply motivating a body of research on the
overall productivity and quality of PC systems [9].

The analysis of health care efficiency is a challenging task.
First, because of the unclear boundaries of some health care
delivery areas (e.g. PC, public health). Furthermore, efficiency
analysis must consider the high complexity of the technolog-
ical transformation process of turning resources in health
outcomes within these areas. Nevertheless, since the ‘80s,
efficiency analysis in health care has been experiencing a fast
growth [10].

Although there are several alternative techniques
available to carry out efficiency analysis in health care
(see box 1), a predominant use of Data Envelopment
Analysis (DEA) with a prevalent focus on hospitals,
nursing homes and physicians has been highlighted by
several reviews on frontier efficiency measurement in
health care [10–15].

Over the past decades, DEA has increasingly been
applied within the PC context [5] showing its suitability
for this setting. DEA has a number of features which
make it an attractive tool for efficiency measurement of
PC delivery: it can handle effectively the existence of
multiple PC resources (hereinafter referred as inputs)
and multiple health outcomes (hereinafter referred as out-
puts) in the transformation process. Furthermore, it does
not require strong assumptions about the underlying tech-
nology linking the inputs to the outputs, and it measures
efficiency in relative -in stead of absolute- terms.

However, while the supply-side (e.g. research) of
DEA applications in PC has grown exponentially over
the last decades, the demand-side (e.g. health policy) is
still under-developed [10]. There is a twofold explana-
tion for this gap: firstly, efficiency analysis needs to
provide more trustworthy and reliable evidence [16];
and secondly, research needs to be more “policy-orient-
ed”, focusing on the nature and form of (in)efficiency
rather than only on its quantification [13].

It is currently unknown how to bridge the chasm be-
tween evidence and practice in the domain of PC efficien-
cy analysis. Therefore, research is required to better ad-
dress the methodological issues (e.g. differences in model
specifications, selection of variables, and sensitivity anal-
ysis toward different empirical assumptions) in
performing efficiency analysis in PC to improve the pro-
vision of valuable evidence to policymakers. This article
aims to make a first step in this direction to increase our
understanding of how DEA studies are performed in PC
to inform health policy. We aim to systematically review
the empirical background and findings of DEA

applications within PC to appraise their ability in gener-
ating constructive evidence to inform health policy.

This research question will support the improvement of the
application of DEA in primary care. Developing a standard set
of criteria in the design and execution of DEA studies in PC
may be very useful, for which this review represents a starting
point.

Box 1. Analytical efficiency measurement methods

Efficiency analysis Is the study of the development of analytic
tools aimed to measure the efficiency of
health care organizations and systems. It
develops frameworks and methods to
estimate the efficient frontier in the
production of health care and to derive the
relative efficiency of each productive
unit. Efficiency is considered in this
review as the relation to which health
outcome are produced in relation to the
resources consumed

Analytical efficiency
measurement methods

The methods developed within Efficiency
analysis differ according two basic
criteria (2): 1) whether they are parametric
or non-parametric methods (i.e. the func-
tional form of the efficient frontier is im-
posed a priori or it is obtained a posteriori
from the sample observations in an em-
pirical way), and 2) whether they follow
a deterministic or a stochastic ap-
proach (i.e. the distance of a produc-
tion unit from the efficient frontier is
entirely attributed to its inefficiency or
partly due to statistical noise and
random error, in addition to its inef-
ficiency). Non-parametric and para-
metric techniques have complementa-
ry pros and cons. Even though it
seems there is no strong empirical
evidence in favour of one method
over another (3), nonparametric deter-
ministic methods, such as DEA, have
become more common in measuring
the efficiency of health care delivery

COLS
- parametric
- deterministic

Corrected Ordinary Least Squares (COLS)
approach assumes a given functional
form of the relationship between inputs
and outputs and estimates the unknown
parameter of the function by ordinary
least squares (OLS) regression, and the
residual (the estimated error) representing
inefficiency

SFA
- parametric
- stochastic

Within this approach the unknown
parameters of the function are estimated
by maximum likelihood techniques.
Contrary to OLS regression, the
Stochastic Frontier Analysis (SFA) model
decomposes the residuals into a symmet-
ric component representing statistical
noise and an asymmetric component
representing inefficiency

DEA
- non-parametric
- deterministic

Data Envelopment Analysis (DEA) is a non-
parametric approach determining a
piecewise linear efficiency frontier along
the most efficient production units by
means of linear programming to derive
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Box 1. Analytical efficiency measurement methods

relative efficiency measures of all other
production units

Stochastic DEA
- non-parametric
- stochastic

Stochastic DEA is a recently developed
technique which combines the features of
nonparametric and stochastic methods,
combining the basic idea of DEA and
SFA

Sources: [7]

Methods

Search strategy

The PRISMA guidelines were followed in the search process.
The search strategy focussed on original peer-reviewed papers
published until August 2014, without time or language restric-
tions. Six databases were searched by means of a combination
of specific subject headings and free text terms. Based on a
preliminary search a Boolean algorithm to search MEDLINE
was developed:

#1 = “Efficiency”[Mesh]
#2 = “Benchmarking”[Mesh]
#3 = “Data Envelopment Analysis” [Title/Abstract]
#4 = #1 OR #2 OR #3
#5 = “Primary Health Care”[Mesh]
#6 = “Physicians, Primary Care”[Mesh]
#7 = “primary health care” [Title/Abstract]
#8 = “general practice*” [Title/Abstract]
#9 = “family physician*” [Title/Abstract]
#10 = “primary care physician*” [Title/Abstract]
#11 = #5 OR #6 OR #7 OR #8 OR #9 OR #10
#12 = #4 AND #11

This Boolean search algorithm was run first and later
transposed to Embase, EconLit, SCOPUS, ISIWeb of Science
and CINAHL Plus with Full Text. Additionally, a search was
carried out in MEDLINE by using the ‘related articles’ algo-
rithm, supplemented with hand searches of the references of
related articles.

Studies were included if they carried out an efficien-
cy assessment by means of DEA applied to PC in
upper-middle and high-income countries as defined by
the World Bank [17]. We defined PC as: the provision
of directly accessible health care services including
health promotion, disease prevention, curative care, re-
habilitative care and palliative care, provided by clini-
cians who are accountable for addressing a large major-
ity of personal health care needs [18].

The PRISMA guidelines were followed in the search pro-
cess [19].

Data abstraction

Two authors (FP and DK) performed the overall search strat-
egy and reviewed in parallel the titles and abstracts of all
resulting articles to ascertain whether they met the eligibility
criteria. The full texts of all included articles were examined in
parallel by two teams of reviewers (AR-MA and FP-CS) to
analyze whether they met all inclusion criteria using specific
checklists designed for this study. Disagreements were re-
solved by peer discussion. Once consensus on article inclu-
sion was achieved, one reviewer (DK or FP) classified each
study. Each efficiency analysis was summarized in preset
tables by abstracting the following details based on Jacobs
et al. 2006 [7] on the applied methodological framework:

& Setting and context of analysis;
& Empirical specifications;
& Presentation and discussion of study results;
& Sensitivity analysis.

The decision not to attempt a quantitative synthesis of the
study results was determined by an a priori assessment of the
large number of sources of possible heterogeneity amongst
studies likely to be eligible. These include the wide range of
services delivered across PC, besides the methodological and
modeling differences between studies. Previous reviews have
used analytic techniques (i.e. meta-analysis, simulation
models) to quantify the impact of modeling choices on the
estimated efficiencies in reviewed studies [16, 13, 20].

Results

General description

A total of 39 publications fulfilled the inclusion criteria
[21–59] (see Fig. 1). Table 1 shows an overview of all includ-
ed studies. Ten were based on data from the United States, and
nine reported data on PC efficiency analysis from the United
Kingdom. A substantial number of the studies were placed in
other European countries, including Spain, Greece, Finland,
Italy and Portugal. One reported data on 22 European coun-
tries, and six publications were placed in other EME Coun-
tries, including Brazil, Canada, Chile and New Zealand. Over
two-thirds of the studies have been published in the last
15 years, showing an increased interest over time to apply
DEA to analyze efficiency in PC (see Fig. 2).

Context of the analysis

Figure 3 provides an overview of the different PC settings
analyzed. Largely, DEA has been used to measure the relative

J Med Syst (2015) 39:156 Page 3 of 14, 156



efficiency of a wide range of activities provided by different
PC centers or districts within national/regional PC systems
[21–36]. In a large number of studies DEA has also been used
to compare PC providers in delivering specific activities (e.g.
dental care) and treating specific diseases (e.g. diabetes)
[37–48].

Particularly in the UK a number of PC DEA applications
focused on general practice, comparing providers’ services
delivery (e.g. vaccinations) [49–56]. Three studies focussed
on the efficiency of individual physicians’ practice patterns in
providing PC services [57–59]. Most of the efficiency
analyses focused on individual PC professionals (i.e.
family physicians/general practitioners, ambulatory care
specialists). A number of DEA studies considered as
deci s ion making uni t s (DMUs) PC prac t ices ,
community-based PC programs or PC/outpatient pro-
grams delivered within vertical-integrated PC organiza-
tions. Five out of the 33 efficiency analyses considered
as DMUs administrative entities, to compare the relative
efficiency of different states [24], regions [49], munici-
palities [27, 28, 43] in providing PC (see Table 1).

Efficiency has been assessed in terms of different concepts
including technical, scale, and cost efficiency. All of the
included DEA applications were focused on technical effi-
ciency –i.e. producing the maximum amount of output from a

given amount of input, or alternatively producing a given
output with minimum quantities; in a number of DEA appli-
cations the main focus was the extent to which evaluated
organizations could take advantage of returns to scale by
altering its size towards optimal scale of delivery. Finally,
two analyses [30, 37] were focused on comparing PC organi-
zations in terms of cost efficiency –i.e. overall cost
minimisation given observed input prices producing a given
output.

Efficiency changes over time was assessed by only one
study [53], by decomposing the estimated production technol-
ogy of each year into indices of pure technical efficiency
change, scale efficiency change and technological change of
English Family Health Service Authorities (FHSAs). All other
DEA studies measured the efficiency of a sample of PC
DMUs on a 1 year benchmark period by using cross-
sectional data.

Discussion

The body of research conducted over the past decades into the
PC efficiency measurement by means of DEA allows us to
answer three questions [7, 13]: What empirical assumptions

Articles excluded on abstract review:

(n°22).

Main causes for exclusion:

No efficiency analysis (13)

No health care (4)

No developed countries (5)

Articles excluded on full-text review

(n° 48) 

Main causes for exclusion:

Keywords search

(n°181).

Articles identified by 
searching for keyword

(n°98)

Duplicate articles

(n° 83)

Full text articles assessed
for eligibility

(n° 76)

Articles included from the 
overall search strategy

(n°87)

Articles included by reviewing 
‘Related citations’ on Pubmed 

of retrieval articles

(n°4)

Articles included by reviewing 
bibliographies of retrieval 

studies

(n°7)

Articles included and 
analyzed

(n°39)

Embase

(n° 23

Pubmed

(n°38)

SCOPUS

(n°50)

ISI Web of Science

(n°42)

EconLit

(n°9)

Cinahl 

(n°19)

No Dea applications (16)

No empirical analysis –e.g. systematic 
reviews, editorials, commentaries (13)

No primary care –i.e. long term care, 
nursing care, hospital care (19)
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are needed for a reliable and valid DEA model? How are
empirical findings reported and summarized to inform poli-
cy-making? How is uncertainty addressed to confirm the
robustness and the validity of the study conclusions?

What empirical assumptions are needed for a reliable and
valid DEA model? A valid and reliable DEA model should
specify four assumptions [7]: (1) the technology assumption
of the PC delivery process (i.e., whether to assume constant or

Table 1 Summary of study characteristics

Primary care setting Country Ref. Level of analysis (DMU) Empirical specifications First author, year

Organization type No of
units

Efficiency
orientation

Technology
assumption

Weight
restrictions

PC whole scope
of activities

ES [21] PC centres 94 input VRS Y Cordero Ferrera, 2014

ES [22] PC centres 130 input VRS N Deidda, 2014

PT [23] Health care centers 22 both CRS-VRS N Ferreira, 2013

IT [24] EU Member States 19 output CRS N Pelone, 2013

ES [25] PC centres 97 input VRS N Cordero-Ferrera, 2011

CA [26] PC practices 137 output CRS-VRS N Milliken, 2011

CHL [27] Municipalities 345 output CRS-VRS N Ramãrez-Valdivia, 2011

BR [28] Municipalities 359 output VRS N Varela, 2010

GR [29] PC centres 194 input CRS-VRS N Kontodimopoulos, 2007

US [30] a) PC practices b)
Specialty care practices

a) 156 b)
346

input VRS N Rosenman, 2004

US [31] PC practices 115 n.r n.r N Andes, 2002

ES [32] PC centers 66 output VRS N Pinillos,2002

GR [33] PC centres 133 input CRS N Zavras, 2002

ES [34] PC centres 54 input CRS-VRS N Garcìa, 1999

FI [35] PC centres 202 input CRS-VRS Y Luoma, 1996

US [36] PC clinics 77 input n.r N Huang, 1989

Dental care FI [37] Health centre 228 input CRS-VRS N Linna, 2003

GB [38] Community Dental Services n.r input CRS-VRS N Buck, 2000

Diabetes care IT [39] Family physician practices 96 input VRS Y Testi, 2013

GB [40] General practices 14 input CRS N Amado, 2009

MX [41] Family units 47 output VRS N Salinas-Martínez, 2009

GP prescribing patters GB [42] General practices 106 input CRS N Bates, 1996

Hypertension care BR [43] Municipalities 66 output VRS N Rabetti, 2011

Immunizzation activities NZ [44] PC practices 24 both CRS-VRS N Rouse, 2010

Otitis media US [45] PCPs 160 input CRS-VRS Y Ozcan, 1998

Perinatal care GB [46] DHAs 83 output CRS Y Thanassoulis, 1995

Sinutitis US [47] PCPs 178 input CRS N Pai, 2000

US [48] Physicians (generalist,
specialists)

176 (152,
24)

input CRS N Ozcan, 2000

general practice IT [49] Regions 20 input CRS N Pelone, 2012

US [50] PC centres 67 input VRS N Rahman, 2012

PT [51] DHAs 337 output CRS Y Amado, 2009

GB [52] FHSAs 90 input CRS-VRS N Giuffrida, 2001

GB [53] FHSAs 90 input VRS Y Giuffrida, 1999

GB [54] General practices 107 output CRS N Bates, 1998

GB [55] FHSAs 90 both CRS N Salinas-Jiménez, 1996

GB [56] General practices 52 n.r n.r N Szczepura,1993

PCPS practice US [57] PCPs 21 input CRS N Wagner, 2003

US [58] Physicians (family
physicians, internists,
sub-specialists)

326 (86,
169, 71)

input CRS Y Chilingerian, 1997

US [59] PCPs 326 input CRS N Chilingerian, 1996

PC Primary care, FHSAs Family health service authorities,DHAs District health authorities, PCPS Primary care physicians, GP General practice, input
Input oriented, output Output oriented, Y Yes, N No, n.r. Not reported
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variable returns to scale), (2) the efficiency analysis orienta-
tion (i.e., whether to assume an input or an output orientation),
(3) the input–output variables, and (4) whether to incorporate
weight restrictions.

Defining the technology assumption The choice of a Constant
Returns to Scale (CRS) or a Variable Returns to Scale (VRS)
should depend on the context, the level and perspective of
analysis, in addition to the technology that links the inputs to
the outputs in the transformation process [7]. For example, if
the DEA exercise is conducted from a policy maker’s point of
view (i.e. the analyst aims to measure efficiency regardless of
anymanagerial factors linked to the PC delivery process), then
a CRS approach is appropriate. If the PC efficiency analysis
uses a managerial point of view (i.e. focussing on the extent to
which elements such as scale of operations or providers’
practice style affect productivity in PC delivery) a VRS ap-
proach is advisable.

AVRS approach was opted in 12 efficiency analyses [21,
22, 25, 24, 28, 30, 32, 39, 43, 41, 50, 53] –see Table 1. For
example, Rabetti and Freitas [43] adopted a VRS DEA model
under the assumptions that any variation in the size of DMUs

(municipalities) under scrutiny might interfere in the produc-
tion scale of service and results (provision of hypertension
care services). Several studies provided no clear empirical
assumptions underlying their choice of applying a VRSmodel
in their DEA applications [28, 41].

Fourteen studies applied a CRS technology assumption,
justifying this choice by three types of assumptions:

1. The analysis revealed little evidence on scale economies
in the production process –i.e. there was a linear relation-
ship between inputs and outputs [40, 45, 42, 47, 51, 54,
57];

2. It is a sensitive model for seeking out technical and scale
efficiency –i.e. it can be used to determine whether returns
to scales are locally increasing or decreasing [58, 59];

3. Using ratios adjusted for the DMUs size as input–output
data rather than absolute numbers, which removes any
information about the size of DMUs [34, 49, 55].

Eleven included DEA applications focused on measuring
scale (in)efficiency, using both a CRS and a VRS DEA model
on the same dataset [23, 26, 27, 29, 34, 35, 44, 37, 38, 46, 52].

Defining the efficiency analysis orientation The choice of
input or output orientation should be based on what the
practice managers are able to control better [7] –the resources
or the outcomes of the production process. Three out of thirty-
nine included analyses ran both an input-oriented and an
output-oriented DEA model, to know simultaneously the pro-
portional reduction in input usage possible for a given level of
output and the proportional expansion in output levels possi-
ble keeping the input fixed [23, 44, 55].

Rouse et al. [44] found that scale efficiency scores were
higher in case of input-orientation compared to an output-
orientation, for each DMU in the sample. The results of
Salinaz-Jimènez et al. [49] DEA study go in the opposite
direction of the first analysis, as DMUs under investigation
were shown to be more efficient according to an output
orientation than an input orientation. The authors explained
this finding as depending on the number of input–output
variables used in their DEA model –i.e. a DMU obtained
higher efficiency scores under an output-oriented model than
the alternative, because DEAwas more demanding since the
potential improvement was divided over 7 output variables
rather than only one input.

Largely, included studies examined the relative efficiency
of PC DMUs by using an input orientation –i.e. keeping
output fixed and explore the proportional reduction in input
usage, while nine analyses were output-oriented DEA stud-
ies–i.e. keeping input fixed and explore the proportional ex-
pansion in output that is possible (see Table 1).

All of the reviewed output-oriented DEA applications were
run to quantify the relative efficiency among a sample of
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DMUs considering outputs as variables under-control of the
decision makers.

Some analysis [31, 56] did not provide any information on
the orientation opted for the efficiency analysis or on the
technology assumption about the production process.

Selecting and measuring the input–output variables DEA
results are sensitive to the choice of variable specifications,
determining most of the heterogeneity [7, 16]. Most studies
included in this review selected their variables based on data
availability, rather than collecting new data to construct the
best possible measure. Thus, many studies considered PC
activities as a measure of PC outputs, given the difficulty in
measuring PC health outcomes. Our results indicate that cur-
rently the golden standard is to rely on PC quality indicators
when there is evidence that such measures are a proxy close to
health improvements.

DEA can handle several inputs and outputs in the transfor-
mation process. However, because it is a data-driven method-
ology, results depend on the relevance of the included vari-
ables [16]. Additional file 1 shows differences and similarities
with regard to input–output variable selections of efficiency
models.

Considering the outputs, only two studies defined them in
terms of health outcomes produced [47, 57]. Wagner et al.
[57], whom compared the relative efficiency of PC physicians,
advanced an approach of adding variables to the model in a
‘stepwise’ manner to better understand the DEA results.

A higher number of studies (20 – see additional file 1)
compared the relative efficiency of the PC DMUs on the basis
of PC activities (e.g. visits performed, examinations provid-
ed). Several studies defined outputs in terms of PC quality
indicators [21, 26, 30, 40–42, 57]. This may overcome the
drawbacks of basing efficiency models on PC activities, such
as the inability to take account of the quality of care delivered,
therefore possibly rewarding PC DMUs that produce more
activities than other DMUs just because they are operating at a
lower quality level. A set of variables for which the outputs
included both activity levels and quality measures was
adopted in five DEA applications [21, 43, 52, 53, 59].

Regarding input, there are three main input categories:
labour, capital, and consumable resources (e.g. consumed
drugs). These variables can be measured in physical unit or
in monetary terms, as an overall aggregate measure or a set of
disaggregated measures.

A singlemeasure of aggregated input in terms of costs –e.g.
expenditure, operating costs– has been opted by six studies
[23, 27, 28, 35, 54, 55]; while the most common approachwas
to consider a disaggregated combination of inputs –i.e. mix of
labour or capital resources; five DEA models considered both
single and disaggregated measures of inputs (see additional
file 1). Inputs were measured in physical units in either total
working hours or working hours by skill level [23, 36, 38, 40,

41, 47, 56], or in absolute number of individuals by skill level
[21, 22, 25, 29, 32, 33, 51, 53]. Only four studies divided their
input mix into two categories (i.e. capital and labour inputs),
adding to the mix of professionals some proxymeasures of the
physical capital used in the production process (e.g. square
footage of facilities) [30, 31, 34, 37, 43].

Incorporating weight restrictions The introduction of weight
restrictions always involves value judgements. It can reflect
the decision makers’ preferences in the process of assessing
efficiency [60]. However, most of the PC efficiency studies
did not incorporate any restrictions to the input–output
weights in specifying their efficiency models, partly to avoid
compromising the objectivity of DEA and partly because of
the lack of decision makers’ involvement in the modelling
process. Little has been done to reflect decision makers’
preferences in the process of assessing efficiency [e.g. 58]
and to reflect the relative importance of certain input–output
combinations [e.g. 47].

A set of unrestricted input–output weights are endogenous-
ly determined in the DEA model without the need for subjec-
tive judgments, assigning to each DMU its best attainable
efficiency score [60]. Nevertheless, eight studies included
value judgments in the DEAmodels, for four types of reasons:

1. To incorporate prior views on the value of individual
inputs and outputs [35, 53];

2. To relate the value of certain inputs and/or outputs [21, 47,
51];

3. To delineate how certain physicians’ preferences (e.g.
more drugs than visits or hospitalization) influence the
healthcare delivery process [39]

4. To incorporate prior views on (in)efficient DMUs [46,
58].

The DEA applications included in the third category incor-
porated value judgments by means of two stage DEA models
–firstly, an unbounded DEA model was run and unrestricted
weights were calculated. Secondly, the studies imposed upper
and lower bounds for each factor weight on the standard DEA
model– to incorporate prior strategic intentions of the man-
agement in the construction of a best practices production
frontier for physicians.

How are empirical findings reported and summarized to
inform policy-making? Our results point to the following
recommendations that are important to consider when sum-
marizing the empirical findings. Firstly, the focus in the
reporting of the empirical findings should be on transparency.
Therefore, it is useful putting such information in summary
tables or to describe it in a narrative way. Secondly, it is
important to consider all implementation issues such as the
feasibility, the suitability, and the relevance of adopting
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efficiency changes in the specific study context. Finally, in
discussing results it is necessary to compare the obtained
results with those obtained in similar setting, to help policy
makers in using of such evidence.

We found a large heterogeneity among the reviewed DEA
applications, as regard to the presentation and discussion of
their empirical findings (see Table 2). Few papers [31, 33, 43,
44, 37, 49, 52] compared their empirical findings with related
studies. Only four authors [44, 52, 57, 58] discussed the
applicability of their findings to other PC settings (generaliz-
ability of results). A number of studies mentioned other im-
portant factors to be considered in the efficiency decision
under consideration, such as equity [40, 51], access [45, 48],
effectiveness [40] and financial incentives [26].

We classified the DEA studies into two categories accord-
ing to the type of results: methodology-oriented (i.e. the
findings were discussed focusing on the methodological
added value of the DEA exercise) and practice-oriented ap-
plications (i.e. the findings were analyzed focusing on the
empirical added value of the DEA exercise for the evaluation
context).

The five examples of the ‘methodology-oriented’ DEAs in
PC provided varying results. Chilingerian and Sherman [58]
demonstrated how a ‘cone ratio DEA model’ can incorporate
strategic thinking and executive accountability when estab-
lishing clinical benchmarks. Several DEA applications pro-
vided insight into the variable selection, highlighting the
central role of quality indicators [55] and health outcomes
[47] in applying DEA to PC. In 2003, Wagner [57] proposed
a method for the selection of model inputs and outputs, using a
“stepwise” approach, and a sensitivity analysis using super-
efficiency scores, demonstrating advantages for physician
profiling. Finally, Giuffrida and Gravelle by comparing DEA
and SFA estimates of efficiency in PC, found that one method
could not be preferred to another [52].

Most of the studies (32 out of 39) presented their findings
providing important implications for practice. Input-oriented
DEA models (either CRS or VRS) provided policymakers
with information on the potential gains –in delivering PC- in
terms of resources use. The output-oriented VRS DEA appli-
cations showed that efficiency scores for a given PC practice
tended to improve as the output formulation became more
complex [37, 42]. Both CRS and VRS output-oriented DEA
papers, reported and discussed their empirical findings, in an
effort of offering decision makers information about how to
improve the relative efficiency of their PC delivery.

Several analyses provided insights toward a better under-
standing about the effects of scale size on the productivity and
efficiency achievement for PC units under consideration (see
Table 2).

Only few DEA applications discussed how to put their
findings into practice. They discussed issues of implementa-
tion [31, 40, 48, 51] or the feasibility of adopting efficiency

changes given the existing operational constraints [29, 37].
Kontodimopoulos et al. (2007) identified that the theoretically
possible efficiency improvements resulted from the analysis
were plausible and desirable, but from a societal perspective,
the reduction of resources needed to obtain efficiency im-
provements is undesirable for populations with limited health
care options [29].

How is uncertainty addressed to confirm the robustness and
the validity of the study conclusions? DEA does not require
any empirical assumption on the shape of the functional form
linking the inputs to outputs. This reduces the exposure to the
theoretical assumptions of its empirical specification, com-
pared to studies adopting parametric approaches. DEA-based
studies have a higher degree of uncertainty than statistically-
based studies using models of uncertainty on the robustness of
results [61, 62]. DEA does not offer any diagnostics to assess
the appropriateness of the model with respect to a number of
methodological issues, such as: outlier observations, measure-
ment accuracy and random error, the choice of the type and
number of variables with respect to the total DMUs under
examination, and the application of sensitivity analysis –to
ascertain the robustness of the results, and construct data
ranges within which results remain unchanged [63].

There are some examples of PC DEA models dealing with
these detriments. While no study attempted to address biases
of results due to statistical error, few analysts tried to improve
the robustness of their results by discriminating the effect of
atypical input–output combinations by means of a ‘super-
efficiency analysis’ [28, 57]. This method involves rerunning
the DEA model, removing in turn each efficient DMU, and
calculating a measure of the resulting change. As a result it is
possible to examine the degree to which the DMUs influence
the efficiency solutions [64].

Some studies undertook procedures aimed to select the
most relevant input–output variables to enhance the sound-
ness of the results of the DEAmodel. Other studies performed
statistical tests (i.e. Spearman correlation) to ascertain that
input variables were positively correlated with output vari-
ables to assure the existence of a trade-off between inputs and
outputs in obtaining efficiency [28, 55] –i.e. an increase in
inputs should reduce efficiency while a decrease in outputs
should increase efficiency. Another way to improve the
feasibility of the DEA model with regard to variables
selection was suggested by Giuffrida and Gravelle [52],
who tested the robustness of the results obtained by
running two DEA models with various output variables
(see additional file 1).

Finally only few studies, in the effort to deal with random
noise or measurement error in their data, carried out a sensi-
tivity analysis (i.e. bootstrapping procedure) of the DEAmod-
el, to construct confidence intervals of the efficiency scores
[21–24, 27, 41, 49, 53].

156, Page 8 of 14 J Med Syst (2015) 39:156



T
ab

le
2

Su
m
m
ar
y
of

st
ud
y
fi
nd
in
gs

R
ef
.
E
ff
ic
ie
nc
y
sc
or
es

S
um

m
ar
y
of

st
ud
y
re
su
lts

Fi
rs
ta
ut
ho
r,
ye
ar

[2
1]

M
ea
n
T
E

A
:m

od
el
1
0.
82
8;

m
od
el
2–
0.
75
1;

m
od
el
3
0.
86
0
|0
.8
33
;m

od
el
4
0.
87
3

In
cl
ud
in
g
in
fo
rm

at
io
n
ab
ou
tb
ot
h
qu
al
ity

of
ca
re
an
d
en
vi
ro
nm

en
ta
lv
ar
ia
bl
es

in
th
e
an
al
ys
is
re
su
lts

in
ef
fi
ci
en
cy

m
ea
su
re
s

th
at
ca
n
be

in
te
rp
re
te
d
as

an
ac
cu
ra
te
re
fl
ec
tio

n
of

pe
rf
or
m
an
ce
.

C
or
de
ro

F
er
re
ra
,2
01
4

[2
2]

M
ea
n
T
E

B
:m

od
el
1–
0.
73
3;

m
od
el
2:

0.
61
3

H
ea
lth

in
fo
rm

at
io
n
te
ch
no
lo
gy

m
ay

le
ad

to
hi
gh
er
-q
ua
lit
y
ca
re
by

in
tr
od
uc
in
g
te
ch
no
lo
gy

in
th
e
pr
od
uc
tio

n
fu
nc
tio

n.
D
ei
dd
a,
20
14

[2
3]

M
ea
n
C
R
S
T
E

C
0,
91
8
|1
.0
99
;M

ea
n
V
R
S

T
E

C
0.
92
8
|1
.0
84
;

A
si
gn
if
ic
an
tl
ev
el
of

in
ef
fi
ci
en
cy

w
as

ob
se
rv
ed
,a
lth

ou
gh

th
er
e
w
as

a
ge
ne
ra
li
m
pr
ov
em

en
ti
n
ef
fi
ci
en
cy

be
tw
ee
n
20
09

an
d
20
10
.T

he
di
ss
em

in
at
io
n
of

be
st
pr
ac
tic
es

is
lik

el
y
to

im
pr
ov
e
ef
fi
ci
en
cy

of
PC

w
hi
le
m
ai
nt
ai
ni
ng

or
ev
en

im
pr
ov
in
g
qu
al
ity

an
d
eq
ui
ty
.

Fe
rr
ei
ra
,2
01
3

[2
4]

M
ea
n
T
E
:0

.9
7
(s
tr
uc
tu
re
)–
0,
80

(O
ut
co
m
e)

T
he

st
ru
ct
ur
e–
pr
oc
es
s
D
E
A
m
od
el
sh
ow

s
th
at
10

co
un
tr
ie
s
ar
e
re
la
tiv

el
y
ef
fi
ci
en
ti
n
de
liv
er
in
g
th
ei
r
pr
oc
es
se
s,
us
in
g
th
e

be
st
m
ix

of
st
ru
ct
ur
e
di
m
en
si
on
s,
w
ith

ef
fi
ci
en
cy

sc
or
es

eq
ua
lt
o
th
e
un
ity

or
10
0
%

re
la
tiv

e
to

th
e
ot
he
r
P
C
sy
st
em

s
Pe
lo
ne
,2
01
3

[2
5]

M
ea
n
T
E

B
:m

od
el
1–
0.
63
3;

m
od
el
2:

0.
73
1

In
cl
ud
in
g
en
vi
ro
nm

en
ta
lv

ar
ia
bl
es

in
th
e
D
E
A
m
od
el
le
ad
s
to

an
ef
fi
ci
en
cy

in
di
ca
to
r
th
at
re
fl
ec
ts
th
e
pe
rf
or
m
an
ce

of
P
C

un
its

m
or
e
pr
op
er
ly
.

C
or
de
ro
-F
er
re
ra
,2
01
1

[2
6]

M
ea
n
T
E
:0

.8
8
(s
d
0.
14
)

H
ow

pr
ac
tic
es

ar
e
or
ga
ni
ze
d
an
d
ho
w
ph
ys
ic
ia
ns

ar
e
re
m
un
er
at
ed

af
fe
ct
th
e
co
st
s
an
d
th
e
ef
fi
ci
en
cy

as
so
ci
at
ed

w
ith

pr
ov
id
in
g
pa
tie
nt

ca
re
.C

H
C
s
–c
om

m
un
ity

-o
ri
en
te
d
w
ith

a
pr
im

ar
y
m
an
da
te
to

ad
dr
es
s
th
e
ne
ed
s
of

di
sa
dv
an
ta
ge
d

po
pu
la
tio

ns
-
fa
re

th
e
w
or
st
w
he
n
it
co
m
es

to
re
la
tiv

e
ef
fi
ci
en
cy

sc
or
es
.

M
ill
ik
en
,2
01
1

[2
7]

M
ea
n
C
R
S
T
E

D
:0

.4
41

(s
d
0.
20
8)
;0

.3
16
5

(s
d
0.
22
9)
;M

ea
n
V
R
S
T
E

D
:0

.7
08

(s
d

0.
22
6)
;0

.5
62

(s
d
0.
26
2)

U
rb
an

m
un
ic
ip
al
iti
es

ar
e
m
or
e
ef
fi
ci
en
tt
ha
n
ru
ra
lo

ne
s
in

de
liv

er
in
g
pr
im

ar
y
ca
re

se
rv
ic
es
.

R
am

ãr
ez
-V
al
di
vi
a,
20
11

[2
8]

M
ea
n
T
E
:0

.4
55

(s
d
0.
24
6)
;M

ea
n
S
E
:

0.
56
6
(s
d
0.
27
9)

Tw
en
ty
-t
hr
ee

ou
to
ft
he

35
9
(6
.4
1
%
)m

un
ic
ip
al
iti
es

w
er
e
co
ns
id
er
ed

ef
fi
ci
en
ti
n
th
e
us
e
of
pu
bl
ic
fu
nd
s
in
pu
bl
ic
P
C
.P
ar
tly

th
e
in
ef
fi
ci
en
cy

w
as

as
so
ci
at
ed

w
ith

ra
ng
e
of

ac
tio

n
of

m
un
ic
ip
al
iti
es

(i
.e
.s
ca
le
in
ef
fi
ci
en
cy
).

V
ar
el
a,
20
10

[2
9]

M
ea
n
C
R
S
T
E
:0

.6
73
;M

ea
n
V
R
S
T
E
:

0.
77
1;

M
ea
n
C
R
S
SE

:0
.8
73

S
m
al
le
r
P
C
ce
nt
re
s
ap
pe
ar
ed

to
su
ff
er

m
os
tly

fr
om

sc
al
e
in
ef
fi
ci
en
ci
es

an
d
la
rg
er

on
es

fr
om

te
ch
ni
ca
li
ne
ff
ic
ie
nc
ie
s.

F
ur
th
er
m
or
e,
IK

A
fa
ci
lit
ie
s
ev
id
en
tly

ou
tp
er
fo
rm

ed
N
H
S
on
es
.

K
on
to
di
m
op
ou
lo
s,
20
07

[3
0]

M
ea
n
T
E
:0

,8
78
;M

ea
n
A
E
:0

,9
13
;M

ea
n

C
E
:0

,7
5;

M
ea
n
C
E
:0

,8
76
;

S
in
gl
e
sp
ec
ia
lty

pr
ac
tic
es

w
er
e
m
or
e
ef
fi
ci
en
tt
ha
n
m
ul
tis
pe
ci
al
ty

pr
ac
tic
es
,i
rr
es
pe
ct
iv
e
of

th
e
fo
cu
s
of

si
ng
le
sp
ec
ia
lty

pr
ac
tic
es

on
P
C
or

sp
ec
ia
lty

ca
re
.T

he
m
aj
or
ity

of
th
e
in
ef
fi
ci
en
cy

w
as

du
e
to
te
ch
ni
ca
li
ne
ff
ic
ie
nc
y.
L
ar
ge
r
pr
ac
tic
es

ar
e

ab
le
to

ca
pt
ur
e
ef
fi
ci
en
ci
es

of
sc
op
e,
bu
ti
nc
ur

in
ef
fi
ci
en
ci
es

of
sc
al
e.

R
os
en
m
an
,2
00
4

[3
1]

T
E
ra
ng
e:
0,
11
7–
0,
98
7
(7

be
st
pe
rf
or
m
er
s)

T
he

ke
y
to
in
cr
ea
se

ef
fi
ci
en
cy

m
ay

be
th
e
us
e
an
d
m
an
ag
e
of

a
sm

al
le
rn

um
be
ro

fi
np
ut
s
ra
th
er
th
an

fo
cu
si
ng

on
ex
pa
nd
in
g

th
e
si
ze

an
d
co
m
pl
ex
ity

of
pr
ac
tic
es

an
d
th
ei
r
to
ta
lc
ha
rg
es
.

A
nd
es
,2
00
2

[3
2]

M
ea
n
T
E
:1

.2
03

(r
an
ge

1.
83
6–
1.
04
6)

T
he

re
su
lts

do
no
ti
nd
ic
at
e
si
gn
if
ic
an
td
if
fe
re
nc
es

in
th
e
(i
n)
ef
fi
ci
en
cy

of
PC

ce
nt
re
s
in
th
e
re
gi
on
s
ev
al
ua
te
d
(i
.e
.L

a
R
io
ja
,

N
av
ar
re

an
d
A
la
va
)

Pi
ni
llo

s,
20
02

[3
3]

M
ea
n
T
E
ra
ng
e:
0.
66
–0
.8
12

M
ed
iu
m
-s
iz
ed

PC
ce
nt
re
s
w
er
e
m
or
e
ef
fi
ci
en
tt
ha
n
la
rg
er
on
es
,w

hi
le
sm

al
lu

ni
ts
sh
ow

ed
lo
w
er
ef
fi
ci
en
cy

ra
tin

gs
.A

hi
gh

le
ve
lo
f
ef
fi
ci
en
cy

of
th
e
he
al
th
ce
nt
re
s
w
ith

la
bo
ra
to
ry

ac
tiv

ity
(8
7
%
)
in
di
ca
te
s
an

ap
pr
op
ri
at
e
in
fr
as
tr
uc
tu
re
m
od
el
fo
r

th
e
or
ga
ni
za
tio

n
of

P
C
se
rv
ic
es
.

Z
av
ra
s,
20
02

[3
4]

M
ea
n
T
E
:0

.8
42

(s
d
0.
13
2)
;P

T
E
:0

.9
14

(s
d
0.
11
4)
;S

E
0.
92
2
(s
d
0.
09
2)

T
he
re

is
a
si
gn
if
ic
an
ta
m
ou
nt

of
se
ns
iti
vi
ty

to
m
od
el
sp
ec
if
ic
at
io
n,
po
in
tin

g
to
w
ar
ds

th
e
im

po
rt
an
ce

of
m
od
el
va
lid

at
io
n.

G
ar
cì
a,
19
99

[3
5]

M
ea
n
C
R
S
T
E
:0

.8
81

(0
.8
85
);
M
ea
n

V
R
S
T
E
:n

.r
D
if
fe
re
nc
es

in
pr
od
uc
tiv

e
ef
fi
ci
en
cy

am
on
g
Fi
nn
is
h
he
al
th

ce
nt
re
s
im

pl
ie
d
th
at
th
e
in
pu
ts
av
in
g
po
te
nt
ia
lo

f
he
al
th
ce
nt
re
s

w
ou
ld

be
at
le
as
t1

3
%
.

L
uo
m
a,
19
96

[3
6]

n.
r

T
hi
rt
ee
n
ou
to

f
77

ru
ra
lp

ri
m
ar
y
ca
re

pr
og
ra
m
s
w
er
e
fo
un
d
to

be
in
ef
fi
ci
en
t.

H
ua
ng
,1
98
9

[3
7]

M
od
el
1F
:M

ea
n
T
E
:0

,8
3;

M
ea
n
C
E
:0

,8
0
||

m
od
el
2F
:M

ea
n
T
E
:0

,7
5;

M
ea
n
C
E
:0

,6
5

H
ig
h
va
ri
at
io
n
in
pr
od
uc
tiv

e
ef
fi
ci
en
cy

be
tw
ee
n
he
al
th
ce
nt
re
s
in
di
ff
er
en
tm

un
ic
ip
al
iti
es
.T

he
le
ve
lo
fc
os
ti
ne
ff
ic
ie
nc
y
w
as

be
tw
ee
n
20

an
d
30

%
.C

ha
ng
in
g
th
e
un
it
of

ou
tp
ut
m
ea
su
re
m
en
tf
ro
m
vi
si
t-
to
pa
tie
nt
-b
as
ed

m
ea
su
re
s
m
ar
ke
dl
y
af
fe
ct
ed

th
e
ra
nk
in
g
of

de
nt
al
he
al
th

ce
nt
re
s.

L
in
na
,2
00
3

[3
8]

M
ea
n
C
R
S:

0.
63
5
(9
5
%

C
I
0.
49
8–
0.
73
7)
;

M
ea
n
V
R
S:

0.
67
3
(9
5
%

C
I
0.
32
6–
0.
85
8)

T
he

re
la
tiv

e
ef
fi
ci
en
cy

of
th
e
C
D
S
va
ri
es

w
id
el
y
in
E
ng
la
nd

–
on

av
er
ag
e
th
e
C
D
S
is
op
er
at
in
g
at
75

%
of

ef
fi
ci
en
tl
ev
el
s

co
m
pa
re
d
to

be
st
-p
ra
ct
ic
e
se
rv
ic
es
.

B
uc
k,
20
00

[3
9]

M
ea
n
V
R
S
T
E
:0

.8
6
(0
.1
5)

35
of

96
pr
ac
tic
es

w
er
e
ef
fi
ci
en
tb
as
ed

on
th
e
st
an
da
rd

D
E
A
m
od
el
.T

he
nu
m
be
r
of

ef
fi
ci
en
tp

ra
ct
ic
es

de
cr
ea
se
d
ba
se
d
on

th
re
e
re
st
ri
ct
ed

m
od
el
s
th
at
ex
pl
or
ed

va
ri
ou
s
be
ha
vi
ou
ra
lp

re
fe
re
nc
es

of
ph
ys
ic
ia
ns
.

Te
st
i,
20
13

[4
0]

M
ea
n
T
E
:0

.8
7

T
hr
ee

ou
to

f
th
e
14

pr
ac
tic
es

w
er
e
fo
un
d
te
ch
ni
ca
lly

ef
fi
ci
en
t.

A
m
ad
o,
20
09

[4
1]

M
ea
n
T
E
:m

od
el
1G

0.
69
3
(9
5
%

C
I
0.
61
–

0.
67
);
m
od
el
2G

0.
74
2
(9
5
%

C
I0

.6
7–
0.
82
)
S
ev
en

fa
m
ily

un
its

w
er
e
te
ch
ni
ca
lly

ef
fi
ci
en
ti
n
pr
ov
id
in
g
se
rv
ic
es
an
d
ni
ne

in
ac
hi
ev
in
g
he
al
th
go
al
s
in
tr
ea
tin

g
pa
tie
nt
w
ith

di
ab
et
es
.

Sa
lin

as
-M

ar
tín

ez
,2
00
9

[4
2]

n.
r

Se
ve
n
ou
to
ft
he

10
7
ge
ne
ra
lp
ra
ct
ic
es

in
th
e
sa
m
pl
e
w
er
e
te
ch
ni
ca
lly

ef
fi
ci
en
t.
E
ff
ic
ie
nc
y
sc
or
es

fo
ra

gi
ve
n
pr
ac
tic
e
te
nd
ed

o
im

pr
ov
e
as

th
e
ou
tp
ut

fo
rm

ul
at
io
n
be
ca
m
e
m
or
e
co
m
pl
ex
.

B
at
es
,1
99
6

J Med Syst (2015) 39:156 Page 9 of 14, 156



T
ab

le
2

(c
on
tin

ue
d)

R
ef
.
E
ff
ic
ie
nc
y
sc
or
es

S
um

m
ar
y
of

st
ud
y
re
su
lts

Fi
rs
ta
ut
ho
r,
ye
ar

[4
3]

M
ea
n
T
E
:1

.6
5
(r
an
ge

1.
06
–2
.9
0)

M
un
ic
ip
al
iti
es

w
er
e
m
or
e
ef
fi
ci
en
ti
n
th
ei
r
se
rv
ic
es

pr
od
uc
tio

n
(3
7.
8
%
)
th
an

in
th
ei
r
re
su
lts

pr
od
uc
tio

n
(1
6.
6
%
).

R
ab
et
ti,

20
11

[4
4]

M
ea
n
C
R
S
:0
.6
0
(s
d
0.
24
);
M
ea
n
ou
tp
ut
V
R
S:

0.
69

(s
d
0.
24
);
M
ea
n
in
pu
tV

R
S:

0.
69

(s
d

0.
21
);
M
ea
n
in
pu
tS

E
:0
.8
7
(s
d
0.
14
);
M
ea
n

in
pu
tS

E
:0

.8
0
(s
d
0.
17
)

P
ra
ct
ic
e
si
ze
,s
oc
io
ec
on
om

ic
en
vi
ro
nm

en
t,
se
rv
ic
e
de
liv

er
y
pr
oc
es
s
as

w
el
la
s
re
gu
la
r
ad
m
in
is
tr
at
iv
e
ta
sk
s
ar
e
m
aj
or

co
st

an
d
pe
rf
or
m
an
ce

dr
iv
er
s
fo
r
ge
ne
ra
lp

ra
ct
ic
es

in
im

m
un
iz
at
io
n
ac
tiv

iti
es
.

R
ou
se
,2
01
0

[4
5]

M
ea
n
T
E
:0

.7
96

(s
d
0.
19
8)

O
f
th
e
16
0
PC

Ps
,4
6
(2
8.
8
%
)
w
er
e
fo
un
d
to

be
re
la
tiv

el
y
ef
fi
ci
en
t.
T
he

re
m
ai
ni
ng

11
4
(7
1.
2
%
)
w
er
e
cl
as
si
fi
ed

as
in
ef
fi
ci
en
ti
f
co
m
pa
re
d
to

ef
fi
ci
en
tP

C
P
s.

O
zc
an
,1
99
8

[4
6]

n.
r

A
se
to

f
in
pu
ts
-
ou
tp
ut
s
va
ri
ab
le
s
w
er
e
ad
va
nc
ed

fo
r
pe
ri
na
ta
lc
ar
e.
T
he

ou
tp
ut

se
ti
nc
or
po
ra
te
s
bo
th

ac
tiv

ity
le
ve
ls
an
d

qu
al
ity

m
ea
su
re
s.

T
ha
na
ss
ou
lis
,1
99
5

[4
7]

In
ef
fi
ci
en
tp

hy
si
ci
an
s:
0.
71

In
ef
fi
ci
en
tp

hy
si
ci
an
s
co
ns
um

ed
si
gn
if
ic
an
tly

m
or
e
re
so
ur
ce
s
an
d
w
er
e
48

%
m
or
e
co
st
ly

th
an

ef
fi
ci
en
tp

hy
si
ci
an
s.

Su
bs
ta
nt
ia
lr
eg
io
na
lv
ar
ia
tio

n
w
as

m
ai
nl
y
at
tr
ib
ut
ed

to
th
e
di
ff
er
en
ce
s
in
us
e
of

pr
es
cr
ip
tio

ns
an
d
la
bo
ra
to
ry

pr
oc
ed
ur
es
.
Pa
i,
20
00

[4
8]

In
ef
fi
ci
en
tg

en
er
al
is
ts
0.
71
;i
ne
ff
ic
ie
nt

sp
ec
ia
lis
ts
0.
73

R
el
ev
an
td

if
fe
re
nc
es

ar
e
no
tr
ev
ea
le
d
in

T
E
be
tw
ee
n
sp
ec
ia
lis
ta
nd

ge
ne
ra
lis
ts
in

tr
ea
tin

g
pa
tie
nt
s
w
ith

si
nu
si
tis
,b
ut

sp
ec
ia
lis
ts
w
er
e
fo
un
d
to

be
m
or
e
co
st
ly

th
an

ge
ne
ra
lis
ts
.

O
zc
an
,2
00
0

[4
9]

M
ea
n
T
E
:0

,9
5

S
ix

N
or
th
er
n
R
eg
io
ns

w
er
e
id
en
tif
ie
d
as

ef
fi
ci
en
tu

si
ng

th
e
be
st
co
m
bi
na
tio

ns
of

ge
ne
ra
lp

ra
ct
iti
on
er
s
to

de
liv

er
a
gi
ve
n

le
ve
lo

f
G
P
ou
tc
om

es
.

Pe
lo
ne
,2
01
2

[5
0]

M
ea
n
T
E
0.
78

T
he

re
su
lts

al
so

sh
ow

ed
th
at
cl
in
ic
s
th
at
em

pl
oy
ed

fe
w
er
ph
ys
ic
ia
ns

co
m
pa
re
d
to
al
l“
lic
en
se
d”

pr
ac
tit
io
ne
rs
w
er
e
lik

el
y
to

be
m
or
e
ef
fi
ci
en
t.
In

ad
di
tio

n,
pr
ov
id
in
g
tr
an
sp
or
ta
tio

n
se
rv
ic
es

to
pa
tie
nt
s
al
so

en
ha
nc
ed

cl
in
ic
s’
ef
fi
ci
en
cy

R
ah
m
an
,2
01
2

[5
1]

M
ea
n
T
E
:0

.8
44

(s
d
0.
69
)

T
he

he
al
th
ce
nt
re
w
ith

th
e
lo
w
es
te
ff
ic
ie
nc
y
sc
or
e
w
as
th
e
on
e
w
ith

th
e
lo
w
es
tl
is
ts
iz
e
pe
rd
oc
to
r,
as

th
e
D
H
A
pr
es
en
tin

g
th
e

hi
gh
es
tl
is
ts
iz
e
pe
r
do
ct
or

w
as

lik
el
y
to

be
te
ch
ni
ca
lly

ef
fi
ci
en
t.

A
m
ad
o,
20
09

[5
2]

M
ea
n
C
R
S
T
E
:0

.9
84

(s
d
2.
07
);
M
ea
n
V
R
S

T
E
:0

.9
92

(s
d
1.
55
)

In
co
m
pa
ri
ng

D
E
A
an
d
S
FA

es
tim

at
es

of
ef
fi
ci
en
cy

in
P
C
,t
he
re

ar
e
no

ge
ne
ra
lg

ro
un
ds

fo
r
pr
ef
er
ri
ng

on
e
m
et
ho
d
ov
er

an
ot
he
r.
N
ev
er
th
el
es
s,
th
e
te
m
po
ra
lr
ob
us
tn
es
s
of
th
e
re
su
lts

of
th
e
SF

A
ov
er
th
e
D
E
A
su
gg
es
tS
FA

to
be

m
or
e
co
ns
is
te
nt
.
G
iu
ff
ri
da
,2
00
1

[5
3]

M
ea
n
PT

E
:0

.9
96

(r
an
ge

0.
95
2–
1)

H
T
he

pr
od
uc
tiv

ity
in
cr
ea
se

ov
er

th
e
pe
ri
od

co
ns
id
er
ed

is
at
tr
ib
ut
ed

to
pu
re

te
ch
ni
ca
le
ff
ic
ie
nc
y
im

pr
ov
em

en
ta
nd

po
si
tiv

e
ch
an
ge

in
sc
al
e
ef
fi
ci
en
cy
,w

hi
le
th
e
te
ch
no
lo
gy

do
es

no
ts
ho
w
si
gn
if
ic
an
tc
ha
ng
e.

G
iu
ff
ri
da
,1
99
9

[5
4]

T
E
ra
ng
e:
0.
32
–1

T
he

lo
w
er

ef
fi
ci
en
cy

th
e
gr
ea
te
r
pr
op
or
tio

n
of

pa
tie
nt
s
w
ho

w
er
e
ex
em

pt
ed

fr
om

pa
ym

en
to

f
pr
es
cr
ip
tio

n
ch
ar
ge
s.
A
lo
w

co
rr
el
at
io
n
w
as

fo
un
d
be
tw
ee
n
ef
fi
ci
en
cy

an
d
th
e
nu
m
be
r
of

te
m
po
ra
ry

re
si
de
nt
s.

B
at
es
,1
99
8

[5
5]

O
ut
pu
tT

E
ra
ng
e:
0.
73
2–
1;

In
pu
tT

E
ra
ng
e:

0.
78
3–
1.

C
en
tr
al
ro
le
of

qu
al
ity

in
di
ca
to
rs
in

PC
is
co
nf
ir
m
ed
,b
y
ex
am

in
in
g
th
e
ex
te
nt

to
w
hi
ch

da
ta
en
ve
lo
pm

en
ta
na
ly
si
s
(D

E
A
)

gi
ve
s
us
ef
ul

in
si
gh
ts
in
to

F
H
SA

pe
rf
or
m
an
ce

in
te
rm

s
of

qu
al
ity
.

Sa
lin

as
-J
im

én
ez
,1
99
6

[5
6]

T
E
ra
ng
e:
0.
35
–1

E
ff
ic
ie
nc
y
ra
tin

gs
di
d
no
tv

ar
y
ac
co
rd
in
g
to

pr
ac
tic
e
si
ze

fo
r
su
rg
er
ie
s
w
ith

a
si
ng
le
lo
ca
tio

n.
Fo

r
su
rg
er
ie
s
w
ith

m
ul
tip

le
lo
ca
tio

ns
,l
ar
ge
r
su
rg
er
ie
s
w
er
e
fo
un
d
to

be
on

av
er
ag
e
m
or
e
ef
fi
ci
en
t.

Sz
cz
ep
ur
a,
19
93

[5
7]

T
E
ra
ng
e:
0.
64
5–
0.
97
1
(1
1
be
st
pe
rf
or
m
er
s)

A
m
et
ho
d
fo
rt
he

se
le
ct
io
n
of

m
od
el
in
pu
ts
an
d
ou
tp
ut
s,
us
in
g
a
“s
te
pw

is
e
ap
pr
oa
ch
”,
an
d
a
se
ns
iti
vi
ty
an
al
ys
is
us
in
g
su
pe
r-

ef
fi
ci
en
cy

sc
or
es

w
as

ad
va
nc
ed

an
d
va
lid

at
ed
.D

E
A
w
as

lik
el
y
to

ca
rr
y
ad
va
nt
ag
es

fo
r
ph
ys
ic
ia
n
pr
of
ili
ng

an
d
us
ef
ul
ly

au
gm

en
ts
th
e
cu
rr
en
tr
at
io

ba
se
d
re
po
rt
s

W
ag
ne
r,
20
03

[5
8]

M
ea
n
T
E
:a
)
|0
.9
2
||0
.8
9
|||
0.
90
a;
b)

|0
.8
6

||0
.8
2|
||
0.
82

a
A
co
ne

ra
tio

D
E
A
m
od
el
w
ou
ld

in
co
rp
or
at
e
st
ra
te
gi
c
th
in
ki
ng

an
d
ex
ec
ut
iv
e
ac
co
un
ta
bi
lit
y
w
he
n
es
ta
bl
is
hi
ng

cl
in
ic
al

be
nc
hm

ar
ks
.

C
hi
lin

ge
ri
an
,1
99
7

[5
9]

T
E
ra
ng
e:
0.
21
–1

A
m
ul
ti-
st
ag
e
D
E
A
te
ch
ni
qu
e
w
as

us
ed

to
lo
ca
te
sp
ec
if
ic
ty
pe
s
of

in
ef
fi
ci
en
tp

hy
si
ci
an
s.
A
m
on
g
32
6
su
bj
ec
ts
,s
pe
ci
al
is
ts

w
er
e
fo
un
d
to

ha
ve

hi
gh
er

av
er
ag
e
co
st
s
th
an

ge
ne
ra
lis
ts
an
d
to

be
m
or
e
ef
fi
ci
en
tt
ha
n
hi
gh

co
st
ge
ne
ra
lis
ts
.

C
hi
lin

ge
ri
an
,1
99
6

G
P
G
en
er
al
pr
ac
tic
e,
C
D
S
C
om

m
un
ity

de
nt
al

se
rv
ic
e,
C
H
C
s
C
om

m
un
ity

he
al
th

ce
nt
re
s,
F
H
SA

s
Fa
m
ily

he
al
th

se
rv
ic
e
au
th
or
iti
es
,
N
H
S
N
at
io
na
l
he
al
th

sy
st
em

,
IK
A
So

ci
al

Se
cu
ri
ty

Fo
un
da
tio

n,
SF
A

St
oc
ha
st
ic
fr
on
tie
ra
na
ly
si
s,
D
E
A
D
at
a
en
ve
lo
pm

en
ta
na
ly
si
s,
P
TE

P
ur
e
te
ch
ni
ca
le
ff
ic
ie
nc
y,
T
E
Te
ch
ni
ca
le
ff
ic
ie
nc
y,
A
E
A
llo

ca
tiv

e
ef
fi
ci
en
cy
,C

E
C
os
te
ff
ic
ie
nc
y,
SE

Sc
al
e
ef
fi
ci
en
cy
,V

R
S
V
ar
ia
bl
e
re
tu
rn
s

to
sc
al
e,
C
R
S
C
on
st
an
tr
et
ur
ns

to
sc
al
e,
sd

St
an
da
rd

de
vi
at
io
n,

C
I
C
on
fi
de
nc
e
in
te
rv
al

A
T
he

th
re
e
D
E
A

m
od
el
s
di
ff
er

ea
ch

ot
he
r
fo
r
ou
tp
ut

va
ri
ab
le
s
in
co
rp
or
at
ed

in
th
e
an
al
ys
is
:
1:

ac
tiv

iti
es

in
di
ca
to
rs
;
m
od
el

2:
qu
al
ity

in
di
ca
to
rs
;
m
od
el

3:
ac
tiv

ity
co
m
bi
ne
d
w
ith

qu
al
ity

in
di
ca
to
rs

un
re
st
ri
ct
ed

an
d
|re
st
ri
ct
ed
;m

od
el
4:
in
cl
ud
in
g
en
vi
ro
nm

en
ta
lv
ar
ia
bl
es

(4
-s
ta
ge

D
E
A
);

B
T
he

tw
o
D
E
A
m
od
el
s
di
ff
er
ea
ch

ot
he
rf
or

th
e
in
pu
t–
ou
tp
ut
va
ri
ab
le
s
in
co
rp
or
at
ed

in
th
e
an
al
ys
is
:m

od
el
1:
ba
si
c

D
E
A
;m

od
el
2:
in
cl
ud
in
g
en
vi
ro
nm

en
ta
lv
ar
ia
bl
es
;C

Te
ch
ni
ca
le
ff
ic
ie
nc
y
va
lu
es

re
fe
rt
o
th
e
fo
rt
h
m
od
el
re
po
rt
ed

in
th
e
st
ud
y
“G

lo
ba
lw

ith
to
ta
lc
os
ts
”.
T
he
y
re
fe
rt
o
th
e
in
pu
to
ri
en
ta
tio

n
an
d
|t
o
th
e
ou
tp
ut

or
ie
nt
at
io
n;

D
Te
ch
ni
ca
le
ff
ic
ie
nc
y
va
lu
es

re
fe
rt
o
th
e
fo
rt
h
m
od
el
re
po
rt
ed

in
th
e
st
ud
y
“G

lo
ba
lw

ith
to
ta
lc
os
ts
”.
T
he
y
re
fe
rt
o
th
e
ur
ba
n
an
d
|t
o
th
e
ru
ra
lm

un
ic
ip
al
iti
es
;F

T
he

tw
o
D
E
A
m
od
el
s
di
ff
er
ea
ch

ot
he
rf
or

ou
tp
ut
va
ri
ab
le
s
w
er
e
in
co
rp
or
at
ed

in
th
e
an
al
ys
is
–m

od
el
1:
pa
tie
nt
ou
tp
ut
D
E
A
;m

od
el
2:
vi
si
to
ut
pu
tD

E
A
;G

T
he

tw
o
D
E
A
m
od
el
s
di
ff
er
ea
ch

ot
he
rf
or

ou
tp
ut
va
ri
ab
le
s
w
er
e
in
co
rp
or
at
ed

in
th
e

an
al
ys
is
–m

od
el
1:

he
al
th

ca
re

ac
tiv

iti
es
;
m
od
el
2:

qu
al
ity

in
di
ca
to
rs
,H

Te
ch
ni
ca
l
ef
fi
ci
en
cy

va
lu
es

re
fe
r
to

19
90
/9
1,

th
e
ba
se
lin

e
ye
ar

of
th
e
D
E
A
an
al
ys
is
.T

he
fi
nd
in
gs

ar
e
no
t
re
po
rt
ed

re
sp
ec
t
to

th
e

M
al
qu
is
t(
pr
od
uc
tiv

ity
)
an
al
ys
is
;I
:a
)
co
ne

ra
tio

(b
ou
nd
ed
)
m
od
el
;b

)
st
an
da
rd

(u
nb
ou
nd
ed
)
m
od
el

156, Page 10 of 14 J Med Syst (2015) 39:156



T
ab

le
3

R
ec
om

m
en
de
d
cr
ite
ri
a
fo
r
pe
rf
or
m
in
g
ef
fi
ci
en
cy

an
al
ys
es

in
pr
im

ar
y
ca
re

us
in
g
D
E
A

A
na
ly
si
s
co
m
po
ne
nt

R
ec
om

m
en
de
d
cr
ite
ri
a

R
ef
er
en
ce

D
ef
in
in
g
th
e
sc
op
e
of

th
e

ef
fi
ci
en
cy

an
al
ys
is

A
na
ly
st
sh
ou
ld

de
fi
ne

a
w
el
l-
fo
rm

ul
at
ed

re
se
ar
ch

qu
es
tio

n
in

te
rm

s
of
:

-S
et
tin

g/
co
nt
ex
to
fa
na
ly
si
s
–i
.e
.:
w
ho
le
sp
ec
tr
um

of
PC

ac
tiv

iti
es
,s
pe
ci
fi
c
P
C
ac
tiv

iti
es

(e
.g
.g
en
er
al
pr
ac
tic
e)
,m

an
ag
em

en
to
fs
pe
ci
fi
c
he
al
th
pr
ob
le
m
s;

-
L
ev
el
of

or
ga
ni
za
tio

n
un
de
r
co
ns
id
er
at
io
n
–i
.e
.:
P
C
pr
of
es
si
on
al
s
(e
.g
.g
en
er
al
pr
ac
tit
io
ne
rs
,a
m
bu
la
to
ry

ca
re
sp
ec
ia
lis
ts
),
PC

pr
ac
tic
es

or
P
C
/o
ut
pa
tie
nt

pr
og
ra
m
s
de
liv

er
ed

w
ith

in
ve
rt
ic
al
-i
nt
eg
ra
te
d
or
ga
ni
za
tio

ns
,a
dm

in
is
tr
at
iv
e
en
tit
ie
s
(e
.g
..P

C
sy
st
em

s
at
a
lo
ca
l,
re
gi
on
al
or

na
tio

na
ll
ev
el
);

-
A
na
ly
tic
al
tim

e
fr
am

e–
i.e
.c
ro
ss
-s
ec
tio

na
l(
in
-t
im

e)
,o
r
lo
ng
itu

di
na
l(
on
-t
im

e)
ef
fi
ci
en
cy

an
al
ys
is

-
Pe
rs
pe
ct
iv
e
an
d
ta
rg
et
au
di
en
ce

of
th
e
ef
fi
ci
en
cy

an
al
ys
is
–i
.e
.r
es
ea
rc
h,
or
ga
ni
za
tio

n/
m
an
ag
er
ia
l,
re
gu
la
to
r
or

so
ci
et
y
pe
rs
pe
ct
iv
e

Ta
bl
e
1

[5
3]

[7
]

D
E
A

M
od
el
sp
ec
if
ic
at
io
ns

D
ef
in
e
th
e
te
ch
no
lo
gy

as
su
m
pt
io
n

A
na
ly
st
sh
ou
ld

op
ta

C
R
S
or

V
R
S
ac
co
rd
in
gl
y
to

th
e
te
ch
no
lo
gy

th
at
lin

ks
th
e
in
pu
ts
to

th
e
ou
tp
ut
s
in

th
e
tr
an
sf
or
m
at
io
n
pr
oc
es
s
yo
u
ar
e
ev
al
ua
tin

g.
C
on
st
an
tr
et
ur
ns

to
sc
al
e
m
ay

be
as
su
m
ed

if
th
er
e
is
a
on
e-
to
-o
ne
,l
in
ea
rr
el
at
io
ns
hi
p
be
tw
ee
n
in
pu
ts
an
d
ou
tp
ut
s.
If
an

in
cr
ea
se

in
a
un
it’
s
in
pu
ts
do
es

no
t

pr
od
uc
e
a
pr
op
or
tio

na
lc
ha
ng
e
in
its

ou
tp
ut
s
th
en

th
e
un
it
ex
hi
bi
ts
va
ri
ab
le
re
tu
rn
s
to
sc
al
e.
Fi
na
lly

to
se
ek

ou
ts
ca
le
ef
fi
ci
en
cy

(S
E
),
bo
th
C
R
S
an
d
V
R
S

D
E
A
m
od
el
s
ar
e
ru
n
on

th
e
sa
m
e
da
ta
,a
nd

an
y
ch
an
ge

in
m
ea
su
re
d
ef
fi
ci
en
cy

ca
n
be

at
tr
ib
ut
ed

to
th
e
pr
es
en
ce

of
SE

.
In

ad
di
tio

n,
co
ns
id
er

th
e
pe
rs
pe
ct
iv
e
an
d
co
nt
ex
to

f
yo
ur

an
al
ys
is
in

de
ci
di
ng

w
he
th
er

ru
nn
in
g
a
C
R
s
or

a
V
R
S
ef
fi
ci
en
cy

m
od
el
.

Ta
bl
e
1

[7
]

D
ef
in
e
th
e
ef
fi
ci
en
cy

an
al
ys
is
or
ie
nt
at
io
n

A
na
ly
st
sh
ou
ld

us
e
an

in
pu
to

r
an

ou
tp
ut

or
ie
nt
at
io
n
ba
se
d
on

w
ha
tt
he

m
an
ag
er
s
of

th
e
or
ga
ni
za
tio

ns
un
de
r
an
al
ys
is
ar
e
ab
le
to

co
nt
ro
lb

et
te
r
(t
he

re
so
ur
ce
s
or

th
e
ou
tc
om

es
of

th
e
pr
od
uc
tio

n
pr
oc
es
s)
.L

ar
ge
ly
,i
nc
lu
de
d
st
ud
ie
s
ex
am

in
ed

th
e
re
la
tiv

e
ef
fi
ci
en
cy

of
P
C
D
M
U
s
by

us
in
g
an

in
pu
t

or
ie
nt
at
io
n
-b
y
co
ns
id
er
in
g
ho
w
m
uc
h
in
pu
tq

ua
nt
iti
es

co
ul
d
be

re
du
ce
d
w
hi
le
st
ill

m
ai
nt
ai
ni
ng

th
e
ou
tp
ut

ta
rg
et
.

Ta
bl
e
1

S
el
ec
ta
nd

m
ea
su
re

re
le
va
nt

in
pu
t–
ou
tp
ut

va
ri
ab
le
s

A
s
fo
r
th
e
ou
tp
ut
va
ri
ab
le
s,
th
e
go
ld
en

st
an
da
rd

is
to
se
le
ct
re
le
va
nt
PC

qu
al
ity

in
di
ca
to
rs
w
he
n
th
er
e
is
ev
id
en
ce

th
at
su
ch

m
ea
su
re
s
ar
e
a
pr
ox
y
cl
os
e
to

he
al
th

im
pr
ov
em

en
ts
–r
at
he
r
th
an

he
al
th

ca
re

ac
tiv

iti
es
.

T
he

in
pu
ts
id
e
of

ef
fi
ci
en
cy

an
al
ys
is
is
us
ua
lly

co
ns
id
er
ed

le
ss
pr
ob
le
m
at
ic
th
an

th
e
ou
tp
ut
si
de

–s
in
ce

th
e
in
pu
ts
ca
n
of
te
n
be

m
ea
su
re
d
m
or
e
ac
cu
ra
te
ly

th
an

ou
tp
ut
s.
A
cc
or
di
ng
ly
th
e
sc
op
e
of

th
e
D
E
A
ex
er
ci
se
,t
he

A
na
ly
st
ha
s
to
co
ns
id
er
tw
o
m
ai
n
is
su
es

fo
rs
el
ec
tin

g
an

ad
eq
ua
te
se
to
fi
np
ut
va
ri
ab
le
s
:

-
L
ev
el
of

in
pu
ts
di
sa
gg
re
ga
tio

n,
e.
g.
to
ta
lc
os
tV

S
la
bo
ur

+
ca
pi
ta
lc
os
ts

-
M
ea
su
re
m
en
to

f
se
le
ct
ed

in
pu
t:
m
on
et
ar
y
va
lu
e
V
S
co
st
te
rm

s

[5
,7
,1
3]

A
dd
iti
on
al

fi
le
1

In
co
rp
or
at
e
(i
f
ap
pr
op
ri
at
e)

w
ei
gh
tr
es
tr
ic
tio

ns
in

va
lu
in
g
in
pu
t–
ou
tp
ut

va
ri
ab
le
s

[4
4]

A
na
ly
st
sh
ou
ld

ap
pl
y
w
ei
gh
tr
es
tr
ic
tio

ns
:

-
To

in
co
rp
or
at
e
pr
io
r
vi
ew

s
on

th
e
va
lu
e
of

in
di
vi
du
al
in
pu
ts
an
d
ou
tp
ut
s;

-
To

re
la
te
th
e
va
lu
e
of

ce
rt
ai
n
in
pu
ts
an
d/
or

ou
tp
ut
s;

-
To

de
lin

ea
te
ho
w
ce
rt
ai
n
ph
ys
ic
ia
ns
’
pr
ef
er
en
ce
s
(e
.g
.m

or
e
dr
ug
s
th
an

vi
si
ts
or

ho
sp
ita
liz
at
io
n)

in
fl
ue
nc
e
th
e
he
al
th
ca
re

de
liv

er
y
pr
oc
es
s
[3
9]

-
To

in
co
rp
or
at
e
pr
io
r
vi
ew

s
on

(i
n)
ef
fi
ci
en
tD

M
U
s.

M
os
to
ft
he

in
cl
ud
ed

P
C
D
E
A
st
ud
ie
s
di
d
no
ti
nc
or
po
ra
te
an
y
re
st
ri
ct
io
ns

to
th
e
in
pu
t–
ou
tp
ut
w
ei
gh
ts
in
sp
ec
if
yi
ng

th
ei
re
ff
ic
ie
nc
y
m
od
el
s,
pa
rt
ly
to
av
oi
d

co
m
pr
om

is
in
g
th
e
ob
je
ct
iv
ity

of
D
E
A
an
d
pa
rt
ly

be
ca
us
e
of

th
e
la
ck

of
de
ci
si
on

m
ak
er
s’
in
vo
lv
em

en
ti
n
th
e
m
od
el
lin

g
pr
oc
es
s.

[3
5,
53
]

[2
1,
47
,5
1]

[3
9]

[4
6,
58
]

Ta
bl
e
1

P
re
se
nt
in
g
an
d
in
te
rp
re
tin

g
fi
nd
in
gs

-t
he

fo
cu
s
in
th
e
re
po
rt
in
g
of

th
e
em

pi
ri
ca
lf
in
di
ng
s
sh
ou
ld
be

on
tr
an
sp
ar
en
cy
.I
nd
ee
d,
it
is
re
co
m
m
en
de
d
pu
tti
ng

su
ch

in
fo
rm

at
io
n
in
su
m
m
ar
y
ta
bl
es

or
to

de
sc
ri
be

it
in

a
na
rr
at
iv
e
w
ay
.

-i
ti
s
im

po
rt
an
tt
o
co
ns
id
er
al
li
m
pl
em

en
ta
tio

n
is
su
es
su
ch

as
th
e
fe
as
ib
ili
ty
,t
he

su
ita
bi
lit
y,
an
d
th
e
re
le
va
nc
e
of
ad
op
tin

g
ef
fi
ci
en
cy

ch
an
ge
s
in
th
e
sp
ec
if
ic

st
ud
y
co
nt
ex
t.

-
in

di
sc
us
si
ng

re
su
lts

it
is
ne
ce
ss
ar
y
to

co
m
pa
re

th
e
ob
ta
in
ed

fi
nd
in
gs

w
ith

th
os
e
ob
ta
in
ed

in
si
m
ila
r
se
tti
ng
,t
o
he
lp

po
lic
y
m
ak
er
s
in

us
in
g
of

su
ch

ev
id
en
ce

Ta
bl
e
2

[5
,1
3]

A
dd
re
ss
in
g
th
e
un
ce
rt
ai
nl
y
in

m
od
el
in
g
D
E
A

A
na
ly
st
sh
ou
ld
te
st
a
va
ri
et
y
of
m
od
el
sp
ec
if
ic
at
io
ns

us
in
g
se
ns
iti
ve

an
al
ys
is
to
te
st
if
y
th
e
ro
bu
st
ne
ss
of
th
e
re
su
lts
,a
nd

co
ns
tr
uc
td
at
a
ra
ng
es
w
ith

in
w
hi
ch

re
su
lts

re
m
ai
n
un
ch
an
ge
d:

-
di
sc
ri
m
in
at
in
g
th
e
ef
fe
ct
of

at
yp
ic
al
in
pu
t–
ou
tp
ut

co
m
bi
na
tio

ns
by

m
ea
ns

of
a
‘s
up
er
-e
ff
ic
ie
nc
y
an
al
ys
is
’

-
pe
rf
or
m
in
g
st
at
is
tic
al
te
st
s
(i
.e
.S

pe
ar
m
an

co
rr
el
at
io
n)

to
as
su
re

th
e
ex
is
te
nc
e
of

a
tr
ad
e-
of
f
be
tw
ee
n
in
pu
ts
an
d
ou
tp
ut
s
in

ob
ta
in
in
g
ef
fi
ci
en
cy
.

-
te
st
in
g
th
e
ro
bu
st
ne
ss

of
th
e
re
su
lts

ob
ta
in
ed

by
ru
nn
in
g
a
nu
m
be
r
of

D
E
A
m
od
el
s
w
ith

va
ry
in
g
in
pu
t-
ou
tp
ut

va
ri
ab
le
s.

-
ca
rr
yi
ng

ou
ta

se
ns
iti
vi
ty

an
al
ys
is
(i
.e
.b
oo
ts
tr
ap
pi
ng

pr
oc
ed
ur
e)

of
th
e
D
E
A
m
od
el
,t
o
co
ns
tr
uc
tc
on
fi
de
nc
e
in
te
rv
al
s
of

th
e
ef
fi
ci
en
cy

sc
or
es

[7
,5
7]

[2
8,
57
]

[2
8,
55
]

[5
2]

[4
1,
48
]

J Med Syst (2015) 39:156 Page 11 of 14, 156



Conclusions

We found 39 studies that that have used DEA to compare the
efficiency of primary health care providers, a few of which
provide end users with insight on the implementation process
or on the feasibility of adopting efficiency changes in a deter-
mined policy context, and almost all studies are cross sectional
in nature rather than longitudinal. Given the current state of
the art, the overall performance of DEA studies within PC to
inform health policy is far from optimal and could be further
improved given the potential is shows to provide evidence-
based health policy information.

The included DEA studies in PC revealed a consistent
difference in terms of empirical findings. This diversity could
be explained partly by different methodological constructs
(i.e. input–output variables selection and other model specifi-
cations such as the technology assumption and the weight
restrictions), and partly by a wide range of evaluation contexts
(i.e. type of PC organizations, level of analysis and time
frame) in composing the study designs.

A number of studies aimed to support policymakers and
practice managers in improving the efficiency of their PC
organizations. However, still a part of the studies provided
findings aimed to improve the theoretical understanding in the
empirical use of DEA and were mainly targeted at researchers
and health economists. This indicates that DEA –at least when
applied to PC- is a methodology still in progress and needs to
be further advanced and standardized to meet the complexity
that characterizes the production of PC outcomes.

DEA studies in PC put very little effort in enhancing the
accuracy of study findings by assessing the sensitivity of the
results to different model specifications. Few studies have
adopted approaches to improve the model specifications -i.e.
selection of input and outputs; weight restrictions to incorpo-
rate exogenous value judgments in modelling DEA; super-
efficiency model to deal with outliers observations;
bootstrapping technique to make the model more robust-
aimed to provide decision makers with more reliable
information.

This systematic review contributes to the ability of stake-
holders involved in PC performance improvement in
interpreting understanding the strengths and limitations of
DEA. Another important strength is the extensive scope and
all-inclusive approach of this study, bridging the gap between
health economists, health services researchers and PC deci-
sion makers. Although the DEA literature on efficiency anal-
ysis in healthcare has focused mainly on an comparing the
efficiency of hospitals and nursing homes rather than PC
providers, several of our findings were also confirmed by such
studies [5, 10–14].

However, this literature review has two limitations. First, it
was not possible to search the “grey literature” for additional
DEA studies in PC, as well the review process is also open to

publication bias, as we have only included the published
articles. We tried to overcome this limitation by refining our
search with the ‘related articles’ search on Pubmed, supple-
mented with hand searches of the references of related articles.
The second limitation is the quality of the original studies.
Due to an absence of quality tools, it is currently not possible
to evaluate whether the included efficiency studies assessed
the scientific soundness of their measures.

Recommendations

Based on our systematic review and a number of existing
methodological guidelines [5, 7, 13], we developed several
points of importance for performing DEA studies in the pri-
mary health care context (see Table 3). In addition to including
these parameters, DEA applications should be transparent in
the applied methodology and results, and be reproducible. It is
recommended that researchers undertake joint efforts to im-
prove the consistency and appropriateness of efficiency meth-
odologies and to optimize the utility for the consumer. Further
research is needed to fill the gaps in some measurement areas,
such as on the use of health outcomes as outputs or capital
resources as inputs, on the causes of productivity change and
its decomposition, and to identify the determinants of im-
proved performance of PC services delivery. Furthermore,
improving the application of sensitivity tests is imperative to
analyze how uncertainty in the efficiency results can be attrib-
uted to different variations in DEA model specifications.

For policymakers and clinical managers it is recommended
to integrate efficiency evidence with other relevant factors of
the overall performance of their organizations, such as equity,
responsiveness and effectiveness. All stakeholders involved in
PC decision making could benefit from incorporating regular
efficiency measurements using DEA into their organizations,
and from playing an active role in the DEAmodeling phase to
facilitate the relevance and the implementation of the results
into practice.
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