
How to achieve optimal organization of
primary care service delivery at system
level: lessons from Europe
FERRUCCIO PELONE1, DIONNE S. KRINGOS2,3, PETER SPREEUWENBERG3, ANTONIO G. DE BELVIS1

AND PETER P. GROENEWEGEN3

1Department of Public Health, Population Medicine Unit, Catholic University ‘Sacro Cuore’, Largo ‘F. Vito’, n.1, Rome, Italy, 2Department
of Social Medicine, Academic Medical Centre (AMC), University of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands
and 3NIVEL–Netherlands Institute for Health Services Research, PO Box 1568, 3500 BN Utrecht, The Netherlands

Address reprint requests to: Dionne Sofia Kringos, Department of Social Medicine, Academic Medical Centre (AMC), University
of Amsterdam. Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. Tel: +31-20-56-67-633; Fax: +31-20-69-72-316;
E-mail: d.s.kringos@amc.uva.nl

Accepted for publication 7 January 2013

Abstract

Objective. To measure the relative efficiency of primary care (PC) in turning their structures into services delivery and
turning their services delivery into quality outcomes.

Design. Cross-sectional study based on the dataset of the Primary Healthcare Activity Monitor for Europe project. Two Data
Envelopment Analysis models were run to compare the relative technical efficiency. A sensitivity analysis of the resulting effi-
ciency scores was performed.

Setting. PC systems in 22 European countries in 2009/2010.

Main Outcome Measures. Model 1 included data on PC governance, workforce development and economic conditions as
inputs and access, coordination, continuity and comprehensiveness of care as outputs. Model 2 included the previous process
dimensions as inputs and quality indicators as outputs.

Results. There is relatively reasonable efficiency in all countries at delivering as many as possible PC processes at a given level
of PC structure. It is particularly important to invest in economic conditions to achieve an efficient structure–process balance.
Only five countries have fully efficient PC systems in turning their services delivery into high quality outcomes, using a
similar combination of access, continuity and comprehensiveness, although they differ on the adoption of coordination of ser-
vices. There is a large variation in efficiency levels obtained by countries with inefficient PC in turning their services delivery
into quality outcomes.

Conclusions. Maximizing the individual functions of PC without taking into account the coherence within the health-care
system is not sufficient from a policymaker’s point of view when aiming to achieve efficiency.

Keywords: health-care system, health policy, setting of care, primary care/general practice, measurement of quality,
benchmarking, measurement of quality, quality indicators

Introduction

The main goals of health-care systems are to improve popula-
tion health and health equity [1]. All health-care systems in
developed countries are facing common challenges, including
aging population, increases in chronic and lifestyle-related dis-
eases and rising health-care costs. Increasingly, it is argued that
primary care (PC) is an important part of the answer to these
challenges [2–4]. The potential of PC is based on its role as
first contact care for curative, preventive, public, social and
mental health problems and providing services in an accessible

setting near people’s homes on a continuous basis [5].
Health-care systems that have optimized the performance of
these key PC dimensions can reduce unnecessary use of ex-
pensive specialized care [6–9] and seem to have healthier
populations, fewer health-related disparities and lower overall
costs for health care, although the evidence is not conclusive
yet, particularly for the European setting [8–11]. Recently,
countries have been encouraged to orient their health-care
systems toward PC in the World Health Report of 2008 [4].
The importance of PC both in terms of population health

and use of resources amply motivates research on PC
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performance [12, 13]. Policymakers are in need of evidence
to help them prioritize PC. Priority setting should be based
on evidence of the optimal balance of PC dimensions to
achieve their intended effects.
The application of a Primary Care Monitor by the Primary

Healthcare Activity Monitor for Europe (PHAMEU) project
in 31 European countries in 2009/2010 has made it possible
to compare and analyze the key dimensions of PC in a stan-
dardized way [5, 14]. PC can be described as a subsystem of
the overall health-care system, when taking into account its
complexity (hereafter referred to as ‘primary care system’). A
country’s PC system is structured by its governance, economic
conditions and workforce development. The process of a
country’s PC service delivery is determined by the compre-
hensiveness of PC services, accessibility of PC and coordin-
ation and continuity of PC. Both the PC structure and PC
services delivery process seem to affect its outcomes in terms
of quality of care (see Fig. 1) [14]. Although all of these
dimensions are important for population health, it is
unknown which combination(s) of dimensions will achieve
the best (i.e. most efficient) quality of care outcomes.
In the last three decades, a number of analytical methods have

been advanced to foster efficiency analysis within the context of
PC, mainly with the purpose of offering policymakers useful
tools to measure the extent to which certain levels of outcome
are reached in relation to the resources deployed [15–18].
Efficiency can be defined (from a policymaker’s point of

view) as the extent to which health goals are achieved in rela-
tion to the resources consumed.
In this article, PC efficiency is defined as the extent to

which PC achieves its outcomes in relation to its structure
and organization of processes. Hence, a country is (technical)
efficient in delivering PC, if it uses an optimal combination
of structure (measured in terms of governance, economic
conditions and workforce) and organization of processes
(measured in terms of comprehensiveness, access, continuity
and coordination of care) to ‘produce’ a given level of out-
comes (measured in terms of quality of care), relatively to the
other countries. This article aims to identify the optimal way
of organizing PC services delivery at system level. The fol-
lowing research questions will be answered:

- (A1) What is the optimal (most technically efficient) re-
lationship between the structure of PC (in terms of PC
governance, economic conditions and workforce devel-
opment) and the PC processes delivered (in terms of
comprehensiveness, access, continuity and coordination
of care)?

- (A2) Is there variation among European countries in
their technical efficiency (TE) at PC structure–process
level (considering the relation between the PC structure
arrangements and PC processes delivered)?

- (B1) What is the optimal (most technically efficient) re-
lationship between the process dimensions of PC ser-
vices delivery (in terms of comprehensiveness, access,
continuity and coordination of care) and quality of care?

- (B2) Is there variation among European countries in
their TE at PC process–outcome level (considering the

relation between the PC processes delivered and
quality of care outcomes)?

Methods

Fig. 1 shows the study design, based on the Primary Care
Framework developed by Kringos et al. [5, 14].

Setting and data collection

Data were derived from the PHAMEU project, which were
collected based on the 94 PC indicators in 27 EU Member
States, Switzerland, Turkey, Norway, and Iceland in 2009/
2010. The indicators were developed based on a systematic
literature review and expert consultations, measuring the
existing PC structures and aspects of PC services delivery
and the quality of PC services of countries [5, 14]. The indi-
cator set for which data were collected and the data collec-
tion approach have been described in detail by Kringos et al.
[5, 14].
For the purpose of this article, we excluded 9 countries

because of a relatively high number of missing data (Cyprus,
Greece, Iceland, Ireland, Malta, Romania, Slovak Republic,
Slovenia and Turkey).
As for the quality dimension, we considered a limited set

of PHAMEU indicators to minimize missing values
including:

(i) Defined daily doses of antibiotic use in ambulatory
care/1000 inhabitants/day.
Too high amounts of antibiotics use affects the

antimicrobial resistance of people and is a sign of in-
appropriate prescription.

(ii) Crude percentage of diabetic population aged>25
years with HbA1C>7.0%.
Diabetes is a PC sensitive condition. The provision

of a wide range of services provided by PC providers
is associated with better health outcomes at lower
costs.

(iii) Number of hospital admissions for people with a
diagnosis of asthma/100 000 population/year.

Lower rates of hospitalization for PC sensitive conditions
are strongly associated with an adequate PC system in
terms of the receipt of timely, comprehensive and effective
PC services.
(iv) Percentage of infants vaccinated within PC against: diph-

theria, tetanus, pertussis, measles, mumps and rubella.

Preventive health-care activities are cost-effective in the PC
setting and result in improved levels of population health.
Together, this indicator set represents four important areas

of quality of PC: prescribing behavior of PC providers, quality
of chronic diseases management, quality of diagnosis and treat-
ment in PC and the quality of child health care (see Fig. 1).
Supplementary data, Appendix 1 provides an overview of

all indicators by dimension and their rationale.

Pelone et al.
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Data on the strength of PC were derived from Kringos
et al. [19] in which country data on all indicators were trans-
lated into scores indicating the PC strength of countries,
ranging from one (weak) to three (strong) (see
Supplementary data, Appendix 1). Based on these indicators
per country, eight separate dimension scores were calculated,
as reported in Table 1 (column ‘current value’) and
Supplementary data, Appendix 2, using MLWiN 2.02 soft-
ware. The dependent variable is the combination of scores
for every country on the indicators belonging to that dimen-
sion. In the fixed part of the model, the dimension average
is estimated together with the indicator effects (using devi-
ation indicator coding), to control for differences in the indi-
cator averages. In the random part, at level 1, the indicator
measurement errors are modeled as separate variance terms
for every indicator; this controls for differences in the stand-
ard deviation of indicators. At level 2, the effect for every
country on the dimension is modeled, and this is used to cal-
culate country dimension scores [20, 21]. The resulting
scores were used in the analysis of this study.

Variables of the data envelopment analysis (DEA)

We carried out our efficiency analysis by applying data en-
velopment analysis (DEA) in two steps using ‘DEA excel
solver’ software [22]: firstly, we ran a DEA model

considering the three structure dimensions as inputs and the
four process dimensions as outputs, followed by another
DEA model considering the four process dimensions as
inputs and the quality of PC as output (see Fig. 1).
In both models, the countries with the highest output/

input ratios are acknowledged as optimal performers, and
the frontier efficiency is built up by joining these observa-
tions into input–output space. In DEA, inefficient countries
are ‘enveloped’ by the efficiency frontier. The statistical and
methodological background of DEA has been illustrated in a
number of articles [18, 23–25].

Empirical specifications of the DEA models

TE in our analysis has a dual definition.

(i) Producing the highest amount of processes from a
given level of structure.

(ii) Producing the highest quality outcomes from a given
combination of processes.

We made three assumptions. Firstly, we ran our DEA model
under the assumption of constant returns to scale, aiming to
analyze TE in the provision of PC services in each country
by focusing on their ‘productivity’ regardless of the ‘scale of
operations’ [26].

Figure 1 Study design.
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Table 1 Efficiency analysis: the current value, efficiency target and slacks of PC systems by country

Country DEA model (a): structure–process DEA model (b): process–outcome
Efficiency scores:
DEA a=
DEA b =

Peer Benchmarks Outputs/
inputs

CV Slacks ET Gap %
(CV-ET)/
CV

Peer
benchmarks

Outputs/
inputs

CV Slacks ET Gap %
(CV-ET)/
CV

Austria Czech Republic Acc 2.27 0.00 2.36 3.97 Germany Qua 0.82 0.00 2.65 225.25
Latvia Con 2.19 0.19 2.47 12.63 Hungary Acc 2.27 0.06 2.20 −2.82

TE a= 96.2% Luxembourg Coo 1.38 0.26 1.70 23.00 Con 2.19 0.00 2.19 0.00
Com 2.33 0.00 2.43 3.98 Coo 1.38 0.00 1.38 0.00

TE b= 30.7% Gov 2.48 0.00 2.48 0.00 Com 2.33 0.17 2.16 −7.33
Eco 2.12 0.02 2.10 −0.76
Wfd 1.98 0.00 1.98 0.00

Belgium Bulgaria Acc 2.13 0.00 2.20 3.57 Sweden Qua 1.82 0.00 2.91 60.30
Sweden Con 2.38 0.01 2.48 3.99 Luxembourg Acc 2.13 0.03 2.10 −1.18

TE a= 96.6% Switzerland Coo 1.70 0.00 1.76 3.59 Con 2.38 0.00 2.38 0.00
Luxembourg Com 2.53 0.00 2.62 3.56 Coo 1.70 0.00 1.70 0.00

TE b= 62.4% Gov 2.37 0.00 2.37 0.00 Com 2.53 0.02 2.50 −0.95
Eco 2.19 0.00 2.19 0.00
Wfd 2.04 0.06 1.98 −2.84

Bulgaria Acc 2.15 0.00 2.15 0.00 Germany Qua 1.82 0.00 2.78 53.08
Con 2.33 0.00 2.33 0.00 Luxembourg Acc 2.15 0.00 2.15 0.00

TE a= 100% Coo 1.44 0.00 1.44 0.00 Con 2.33 0.00 2.33 −0.04
Com 2.55 0.00 2.55 0.00 Coo 1.44 0.00 1.44 0.00

TE b= 65.3% Gov 2.46 0.00 2.46 0.00 Com 2.54 0.21 2.34 −8.25
Eco 1.9 0.00 1.90 0.00
Wfd 1.98 0.00 1.98 0.00

Czech Republic Acc 2.35 0.00 2.35 0.00 Hungary Qua 2.82 0.00 2.85 1.28
Con 2.41 0.00 2.41 0.00 Luxembourg Acc 2.35 0.00 2.35 0.00

TE a= 100% Coo 1.65 0.00 1.65 0.00 Con 2.41 0.06 2.36 −2.32
Com 2.33 0.00 2.33 0.00 Coo 1.65 0.15 1.49 −9.24

TE b= 98.7% Gov 2.43 0.00 2.43 0.00 Com 2.33 0.00 2.33 0.00
Eco 2.03 0.00 2.03 0.00
Wfd 1.95 0.00 1.95 0.00

Denmark Acc 2.46 0.00 2.46 0.00 Hungary Qua 1.82 0.00 2.95 62.39
Con 2.43 0.00 2.43 0.00 Netherlands Acc 2.46 0.01 2.45 −0.41

TE a= 100% Coo 1.96 0.00 1.96 0.00 Con 2.43 0.00 2.43 0.00
Com 2.40 0.00 2.40 0.00 Coo 1.96 0.39 1.58 −19.61

TE b= 61.6% Gov 2.53 0.00 2.53 0.00 Com 2.40 0.00 2.40 0.00
Eco 2.10 0.00 2.10 0.00
Wfd 2.24 0.00 2.24 0.00

Estonia Bulgaria Acc 2.21 0.15 2.38 7.84 Hungary Qua 1.82 0.00 2.88 58.37
Czech Republic Con 2.42 0.00 2.45 0.95 Luxembourg Acc 2.21 0.00 2.21 0.00
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TE a= 99.1% Denmark Coo 1.71 0.00 1.73 0.93 Con 2.42 0.06 2.37 −2.39
Com 2.42 0.02 2.45 1.61 Coo 1.71 0.12 1.59 −7.24

TE b= 63.1% Gov 2.52 0.00 2.52 0.00 Com 2.41 0.00 2.42 0.00
Eco 2.06 0.00 2.06 0.00
Wfd 2.10 0.01 2.09 −0.43

Finland Bulgaria Acc 2.20 0.00 2.28 3.72 Sweden Qua 1.82 0.00 2.85 56.83
Sweden Con 2.32 0.06 2.47 6.41 Luxembourg Acc 2.20 0.13 2.07 −5.90

TE a= 96.4% Switzerland Coo 1.74 0.00 1.81 3.73 Con 2.32 0.00 2.32 0.00
Luxembourg Com 2.51 0.00 2.61 3.74 Coo 1.74 0.00 1.74 0.00

TE b= 63.8% Gov 2.38 0.00 2.38 0.00 Com 2.51 0.06 2.46 −2.23
Eco 2.18 0.00 2.18 0.00
Wfd 2.22 0.06 2.17 −2.48

France Bulgaria Acc 2.06 0.05 2.19 6.57 Germany Qua 1.82 0.00 2.84 56.33
Denmark Con 2.33 0.00 2.43 4.16 Luxembourg Acc 2.06 0.00 2.06 0.00

TE a= 96.0% Sweden Coo 1.63 0.00 1.69 4.18 Con 2.33 0.01 2.33 −0.26
Switzerland Com 2.47 0.00 2.57 4.17 Coo 1.63 0.00 1.63 0.00

TE b= 64% Luxembourg Gov 2.37 0.00 2.37 0.00 Com 2.47 0.04 2.43 −1.46
Eco 2.12 0.00 2.12 0.00
Wfd 1.99 0.00 1.99 0.00

Germany Czech Republic Acc 2.25 0.00 2.33 3.56 Qua 2.82 0.00 2.82 0.00
Hungary Con 2.38 0.00 2.47 3.53 Acc 2.25 0.00 2.25 0.00

TE a= 96.6% Luxembourg Coo 1.38 0.26 1.69 22.28 Con 2.38 0.00 2.38 0.00
Com 2.34 0.04 2.46 5.26 Coo 1.38 0.00 1.38 0.00

TE b= 100% Gov 2.41 0.00 2.41 0.04 Com 2.34 0.00 2.34 0.00
Eco 2.15 0.02 2.13 −0.88
Wfd 1.99 0.00 2.00 0.05

Hungary Acc 2.34 0.00 2.34 0.00 Qua 2.82 0.00 2.82 0.00
Con 2.33 0.00 2.33 0.00 Acc 2.34 0.00 2.34 0.00

TE a= 100% Coo 1.46 0.00 1.46 0.00 Con 2.33 0.00 2.33 0.00
Com 2.29 0.00 2.29 0.00 Coo 1.46 0.00 1.46 0.00

TE b= 100% Gov 2.21 0.00 2.21 0.00 Com 2.29 0.00 2.29 0.00
Eco 2.09 0.00 2.09 0.00
Wfd 2.06 0.00 2.06 0.00

Italy Czech Republic Acc 2.27 0.01 2.46 8.24 Hungary Qua 1.82 0.00 2.62 44.11
Denmark Con 2.31 0.00 2.49 7.74 Acc 2.27 0.09 2.18 −4.14

TE a= 92.8% Poland Coo 1.73 0.00 1.86 7.75 Con 2.31 0.15 2.16 −6.53
Sweden Com 2.13 0.15 2.45 14.77 Coo 1.73 0.37 1.36 −21.45

TE b= 69.4% Gov 2.54 0.00 2.54 0.00 Com 2.13 0.00 2.13 0.00
Eco 2.14 0.00 2.14 0.00
Wfd 2.08 0.00 2.08 0.00

Latvia Acc 2.15 0.00 2.15 0.00 Hungary Qua 2.82 0.00 2.86 1.42
Con 2.38 0.00 2.38 0.00 Luxembourg Acc 2.15 0.00 2.15 0.00

TE a= 100% Coo 1.65 0.00 1.65 0.00 Con 2.38 0.04 2.35 −1.47

(continued )
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Table 1 Continued

Country DEA model (a): structure–process DEA model (b): process–outcome
Efficiency scores:
DEA a=
DEA b =

Peer Benchmarks Outputs/
inputs

CV Slacks ET Gap %
(CV-ET)/
CV

Peer
benchmarks

Outputs/
inputs

CV Slacks ET Gap %
(CV-ET)/
CV

Com 2.41 0.00 2.41 0.00 Coo 1.65 0.05 1.60 −3.03
TE b= 98.6% Gov 2.46 0.00 2.46 0.00 Com 2.41 0.00 2.41 −0.04

Eco 2.07 0.00 2.07 0.00
Wfd 1.87 0.00 1.87 0.00

Lithuania Acc 2.29 0.00 2.29 0.00 Sweden Qua 2.82 0.00 2.85 1.17
Con 2.30 0.00 2.30 0.00 Luxembourg Acc 2.29 0.17 2.12 −7.37

TE a= 100% Coo 1.98 0.00 1.98 0.00 Con 2.30 0.00 2.30 0.00
Com 2.56 0.00 2.56 0.00 Coo 1.98 0.00 1.98 0.00

TE b= 98.9% Gov 2.50 0.00 2.50 0.00 Com 2.56 0.08 2.48 −3.16
Eco 2.07 0.00 2.07 0.00
Wfd 2.08 0.00 2.08 0.00

Luxembourg Acc 2.03 0.00 2.03 0.00 Qua 2.82 0.00 2.82 0.00
Con 2.31 0.00 2.31 0.00 Acc 2.03 0.00 2.03 0.00

TE a= 100% Coo 1.63 0.00 1.63 0.00 Con 2.31 0.00 2.31 0.00
Com 2.42 0.00 2.42 0.00 Coo 1.63 0.00 1.63 0.00

TE b= 100% Gov 2.16 0.00 2.16 0.00 Com 2.42 0.00 2.42 0.00
Eco 2.05 0.00 2.05 0.00
Wfd 1.81 0.00 1.81 0.00

Netherlands Denmark Acc 2.38 0.00 2.41 1.51 Qua 2.82 0.00 2.82 0.00
Sweden Con 2.26 0.14 2.44 7.83 Acc 2.38 0.00 2.38 0.00

TE a= 98.5% Coo 2.20 0.00 2.23 1.55 Con 2.26 0.00 2.26 0.00
Com 2.32 0.20 2.55 9.96 Coo 2.20 0.00 2.20 0.00

TE b= 100% Gov 2.61 0.01 2.60 −0.50 Com 2.32 0.00 2.32 0.00
Eco 2.18 0.00 2.18 0.00
Wfd 2.30 0.07 2.23 −2.96

Norway Bulgaria Acc 2.25 0.00 2.29 1.73 Germany Qua 1.82 0.00 2.87 57.93
Czech Republic Con 2.36 0.05 2.45 3.85 Hungary Acc 2.25 0.00 2.25 0.00

TE a= 98.3% Hungary Coo 1.56 0.00 1.58 1.74 Luxembourg Con 2.36 0.00 2.36 0.00
Poland Com 2.55 0.00 2.59 1.73 Coo 1.56 0.00 1.56 0.00

TE b= 63.3% Luxembourg Gov 2.52 0.00 2.52 0.00 Com 2.55 0.16 2.39 −6.28
Eco 2.05 0.00 2.05 0.00
Wfd 2.06 0.00 2.06 0.00

Poland Bulgaria Acc 2.35 0.00 2.35 0.00 Hungary Qua 2.82 0.00 2.82 0.00
Denmark Con 2.33 0.00 2.33 0.00 Netherlands Acc 2.35 0.01 2.34 −0.38

TE a= 100% Hungary Coo 1.92 0.00 1.92 0.00 Con 2.33 0.00 2.33 0.00
Com 2.30 0.00 2.30 0.00 Coo 1.92 0.46 1.47 −23.76
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TE b= 99.9% Gov 2.37 0.00 2.37 0.00 Com 2.30 0.00 2.30 0.00
Eco 2.06 0.00 2.06 0.00
Wfd 1.97 0.00 1.97 0.00

Portugal Bulgaria Acc 2.34 0.00 2.41 3.12 Hungary Qua 2.82 0.00 2.87 1.74
Denmark Con 2.35 0.05 2.48 5.40 Luxembourg Acc 2.34 0.22 2.12 −9.27

TE a= 97.0% Hungary Coo 1.62 0.06 1.73 6.84 Con 2.35 0.00 2.35 0.00
Com 2.48 0.00 2.55 3.15 Coo 1.62 0.00 1.62 0.00

TE b= 98.3% Gov 2.55 0.00 2.55 0.00 Com 2.47 0.04 2.44 −1.62
Eco 2.11 0.00 2.11 0.00
Wfd 2.24 0.04 2.20 −1.97

Spain Bulgaria Acc 2.44 0.00 2.50 2.21 Hungary Qua 0.82 0.00 2.97 264.22
Denmark Con 2.43 0.04 2.52 3.96 Netherlands Acc 2.44 0.18 2.27 −7.28

TE a= 97.8% Hungary Coo 1.84 0.00 1.88 2.23 Luxembourg Con 2.43 0.00 2.43 0.00
Lithuania Com 2.51 0.00 2.57 2.19 Coo 1.84 0.00 1.84 0.00

TE b= 28.5% Poland Gov 2.57 0.00 2.57 0.00 Com 2.51 0.00 2.51 0.00
Eco 2.20 0.00 2.20 0.00
Wfd 2.20 0.00 2.20 0.00

Sweden Acc 2.18 0.00 2.18 0.00 Qua 2.82 0.00 2.82 0.00
Con 2.25 0.00 2.25 0.00 Acc 2.18 0.00 2.18 0.00

TE a= 100% Coo 2.32 0.00 2.32 0.00 Con 2.25 0.00 2.25 0.00
Com 2.49 0.00 2.49 0.00 Coo 2.32 0.00 2.32 0.00

TE b= 100% Gov 2.46 0.00 2.46 0.00 Com 2.49 0.00 2.49 0.00
Eco 2.09 0.00 2.09 0.00
Wfd 2.05 0.00 2.05 0.00

Switzerland Acc 2.17 0.00 2.17 0.00 Hungary Qua 1.82 0.00 2.86 57.71
Con 2.37 0.00 2.37 0.00 Luxembourg Acc 2.17 0.00 2.17 0.00

TE a= 100% Coo 1.63 0.00 1.63 0.00 Con 2.37 0.02 2.35 −0.68
Com 2.42 0.00 2.42 0.00 Coo 1.63 0.04 1.60 −2.26

TE b= 63.4% Gov 2.09 0.00 2.09 0.00 Com 2.48 0.00 2.42 0.00
Eco 2.12 0.00 2.12 0.00
Wfd 2.10 0.00 2.10 0.00

UK Bulgaria Acc 2.40 0.00 2.51 4.59 Sweden Qua 1.82 0.00 2.91 60.19
Denmark Con 2.37 0.11 2.58 9.26 Luxembourg Acc 2.40 0.26 2.14 −10.81

TE a= 95.6% Lithuania Coo 1.88 0.00 1.97 4.57 Con 2.37 0.00 2.37 0.00
Switzerland Com 2.52 0.00 2.64 4.60 Coo 1.88 0.00 1.88 0.00

TE b= 62.4% Gov 2.56 0.00 2.56 0.00 Com 2.52 0.00 2.52 −0.16
Eco 2.26 0.00 2.26 0.00
Wfd 2.34 0.01 2.33 −0.26

CV, current value; ET, efficiency target; Qua, PC quality; Acc, PC access; Con, continuity of PC; Coo, coordination of PC; Com, comprehensiveness of PC; Gov, PC governance; Eco,
economic conditions of PC; Wfd, PC workforce development.
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Secondly, we ran an output-orientation DEA model to
explore the potential expansion in the output provided while
keeping input mixes invariable [27].
In DEA, weights of the performance criteria are endogen-

ously determined in the model without the need for subject-
ive judgments, assigning to each country its best attainable
efficiency score. Therefore, no weight restrictions were made
[27].
The empirical model for the efficiency of a county’s PC

system can be formulated as follows [23]:

Maximize EPCo ¼
PS

s¼1 us � yso
PM

m¼1 vm � xmo

Subject to

PS
s¼1 us � ysi

PM
m¼1 vm � xmi

� 1 i ¼ 1; . . . ; 31;

where, EPCo, efficiency of PC 0; yso, quantity of outputs s of
PCo; xmo, quantity of inputs m of PCo; us, weight attached to
the output s—generated from the model— us > 0, s = 1,… ,
S; vm, weight attached to the input m—generated from the
model—vm >0, m = 1,… , M.
This mathematical problem is to maximize the efficiency

of PCo by generating a set of weights (i.e. us and vm) to be
attached to its inputs and outputs. This is subject to the con-
straints that, when applied to the other PC systems under
scrutiny, no one can assume efficiency scores greater than
unity. Furthermore, such a set of weights cannot assume a
negative value.
A core aspect of DEA is the calculation of a set of input–

output targets that would turn a country with inefficient PC

into an efficient one. Other useful parameters provided by
DEA, which will be used in this article to investigate poten-
tial causes of inefficiency, are the slacks. Slacks are values
attached to the different variables, indicating the underpro-
duction of outputs or the overuse of inputs. Furthermore,
DEA seeks out these values for each country’s PC system,
taking into account other countries with PC systems that use
similar input–output ratios (peer systems), but at a more effi-
cient level.

Addressing the uncertainty in modeling DEA

Because DEA measures efficiency relative to an estimate of
the frontier, we used the bootstrap approach proposed by
Simar and Wilson (2000), to estimate the bias-corrected
measure of TE as well as confidence intervals for efficiency
scores, by running 2000 bootstrap replications using ‘FEAR’
software [28].

Results

DEA and efficiency scores

Fig. 2 summarizes the efficiency scores of all 22 countries
for both applied models. The average efficiency for struc-
ture–process is 0.98 and for process–outcome is 0.80. The
former efficiency scores range between 0.93 (93%) to 1
(100%), whereas the latter shows a greater variation (standard
deviation 0.233), ranging from 0.28 (28%) to 1.0 (100%).
The structure–process DEA model shows that 10 coun-

tries (Bulgaria, Czech Republic, Denmark, Hungary, Latvia,
Lithuania, Luxembourg, Poland, Sweden and Switzerland)
are relatively efficient in delivering their processes, using the

Figure 2 Summary of efficiency score. (A) Structure–process DEA model. (B) Process–outcome DEA model.
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best mix of structure dimensions, with efficiency scores
equal to the unity or 100% relative to the other PC systems.
The most inefficient country on structure–process level was
Italy, with an efficiency score of 0.93. These results point to
a relatively high efficiency in all countries in delivering the
maximum processes of PC at the given values of the struc-
ture dimensions.
In the process–outcome DEA model, only five countries

(Germany, Hungary, Luxembourg, The Netherlands and
Sweden) were found to be relatively efficient.
Fig. 3 shows the optimal mix of input–output ratios for

both DEA models. As for the structure–process DEA
model, the 10 best performing countries are quite different
in their structure inputs: each of these PC systems differs
from the other: both in terms of workforce development
and governance features, whereas they seem to converge on
their values for the economic condition dimension. As for
the most efficient PC systems with regard to the process–
outcome TE, our results suggest that although there are dif-
ferent degrees of coordination of care among countries, it is
necessary to have a high level of PC access, comprehensive-
ness and continuity of care to provide the highest amounts
of quality.

Analysis of the sources of inefficiency

Table 1 summarizes the set of current values by PC dimen-
sion and country, efficiency targets (indicating room for im-
provement of a country’s value on a certain PC dimension
based on the performance of peer countries), efficiency gaps
(the difference between the current values and the targets as
percentage of the current values) and slacks for each coun-
try’s PC system as regards both of our DEA models. For
example, it shows that Italy’s PC system was the worst per-
former in using its structure dimensions to deliver processes.
The results indicate that a little expansion in all the outputs
(i.e. comprehensiveness, coordination, access and coordin-
ation), by maintaining the current level of input (governance,

workforce development and economic conditions) would be
necessary to reach the efficiency of Italy’s peer benchmarks.
However, the results of Italy’s process–outcome DEA exer-
cise suggest that to be truly efficient, Italy would need to in-
crease quality level by roughly 44%, although maintaining its
levels of processes of care fixed.
Supplementary data file 1 gives a graphical example of the

results shown in Table 2 for a selection of countries (i.e.
Denmark, Italy and Spain) for both the structure–Process
DEA model (A, on the left) and for process–outcome DEA
model (B, on the right).

Bias-corrected efficiency results

Initial structure–process DEA model results for the 22 coun-
tries gave an average uncorrected TE score of 0.98, whereas
the bootstrap model generated an average bias corrected
score of 0.97 (see Table 2). The minimum uncorrected score
was 0.93 and the maximum was 1, whereas the minimum
bias corrected score was 0.92 and the maximum was 0.99.
Further analysis showed that the original scores had a mean
bias of −0.01 that was relatively low. With regard to the
process–outcome DEA model, results reported in Table 2
show trends going in the same direction of the original DEA
model; the difference between the average of the original ef-
ficiency scores (0.77) and the average of the bias-corrected
TE scores (0.71) is relatively small (0.06), and the average
bias estimated is acceptable (0.06) [29].

Discussion

Variation of PC efficiency at different levels

The results show variation among the 22 countries in how
they structure and organize PC services delivery at system
level, as well as in their relative efficiency in terms of pro-
cesses delivered and quality outcomes achieved. Only a few
countries (Sweden, Hungary and Luxemburg) are efficient at

Figure 3 Best performers input–output combinations. (A) Structure–process DEA model. (B) Process–outcome DEA
model.
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Table 2 Bootstrapped TE results by country

Original DEA
efficiency
scores

Bootstrap
bias-corrected
efficiency scores

CI 95% Bootstrap
bias
estimate

Bootstrap
variance (σ)
estimate

Lower
bound

Upper
bound

DEA model (a): structure–process
Austria 0.962 0.952 0.935 0.961 0.010 5.960
Belgium 0.966 0.956 0.940 0.965 0.009 4.897
Bulgaria 1.000 0.979 0.941 1.000 0.021 0.000
Czech Republic 1.000 0.981 0.956 0.999 0.019 0.000
Denmark 1.000 0.982 0.959 0.999 0.018 0.000
Estonia 0.991 0.981 0.967 0.990 0.009 3.808
Finland 0.964 0.955 0.942 0.963 0.009 3.634
France 0.960 0.950 0.935 0.959 0.010 4.528
Germany 0.966 0.955 0.940 0.965 0.010 5.471
Hungary 1.000 0.980 0.950 0.999 0.020 0.000
Italy 0.928 0.919 0.902 0.928 0.010 5.088
Latvia 1.000 0.985 0.962 0.999 0.015 0.000
Lithuania 1.000 0.984 0.964 0.999 0.016 0.000
Luxembourg 1.000 0.980 0.953 0.999 0.020 0.000
Netherlands 0.985 0.974 0.954 0.985 0.011 7.851
Norway 0.983 0.973 0.954 0.982 0.010 6.214
Poland 1.000 0.980 0.949 0.999 0.020 0.000
Portugal 0.970 0.961 0.950 0.969 0.009 2.883
Spain 0.978 0.970 0.960 0.978 0.008 2.346
Sweden 1.000 0.979 0.938 1.000 0.021 0.000
Switzerland 1.000 0.979 0.938 0.999 0.021 0.000
UK 0.956 0.948 0.938 0.956 0.008 2.213

DEA model (b): process outcome
Austria 0.307 0.277 0.257 0.305 0.031 0.000
Belgium 0.624 0.568 0.534 0.619 0.055 0.001
Bulgaria 0.653 0.580 0.545 0.645 0.073 0.001
Czech

Republic
0.987 0.913 0.861 0.976 0.074 0.002

Denmark 0.616 0.575 0.544 0.611 0.040 0.000
Estonia 0.631 0.588 0.556 0.626 0.043 0.001
Finland 0.638 0.600 0.565 0.633 0.038 0.001
France 0.640 0.578 0.544 0.633 0.062 0.001
Germany 1.000 0.845 0.806 0.979 0.155 0.006
Hungary 1.000 0.882 0.833 0.983 0.118 0.003
Italy 0.694 0.651 0.613 0.690 0.043 0.001
Latvia 0.986 0.911 0.856 0.976 0.075 0.002
Lithuania 0.989 0.939 0.891 0.980 0.050 0.001
Luxembourg 1.000 0.931 0.886 0.985 0.069 0.001
Netherlands 0.633 0.581 0.541 0.625 0.052 0.001
Norway 1.000 0.935 0.884 0.994 0.065 0.001
Poland 0.983 0.924 0.862 0.974 0.059 0.002
Portugal 0.275 0.259 0.246 0.271 0.015 7.779
Spain 1.000 0.930 0.886 0.984 0.070 0.001
Sweden 0.634 0.585 0.550 0.627 0.049 0.001
Switzerland 0.624 0.595 0.564 0.620 0.029 0.000
UK 1.000 0.899 0.848 0.988 0.101 0.003

Italic value represents the 95% lower and upper bound confidence interval of the bootstrap bias-corrected efficiency scores.
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turning both their PC structures into PC processes and their
PC processes into quality outcomes. The majority of efficient
PC systems (Switzerland, Poland, Czech Republic and
Latvia), in terms of transforming their PC structures into
processes, were inefficient at turning their processes into
quality outcomes. The Dutch and German PC systems both
have an optimal relationship between their PC process
dimensions and quality of care, but are inefficient at turning
their structure dimensions into an optimal mix of PC ser-
vices delivery dimensions.

PC system strength versus efficiency

Kringos et al. [19] investigated the strength of PC across
countries in terms of maximizing their PC orientation at both
structure and services delivery level. When comparing the
strength of countries’ PC systems with their relatively effi-
ciency, we see that some of the countries with relatively strong
PC (i.e. UK, Spain, Denmark and Belgium) are not among
the most efficient systems, in relative terms. Among the coun-
tries with relatively strong PC that are also relatively efficient
are The Netherlands, Portugal, Finland, Lithuania and
Estonia. The same is true for countries with relatively weak
PC (i.e. Luxembourg, Bulgaria and Hungary) that turn out to
be relatively efficient throughout their PC system. It is possible
that PC systems, with for example low levels of PC structure
dimensions (e.g. Hungary, Bulgaria and Latvia), are maximally
efficient due to their relatively high values on PC process de-
livery dimensions; in other words, these PC systems are deli-
vering the best quantity of processes they can with their
moderate levels of structural resources, if compared with
other PC systems in the dataset. It is relatively easier to spend
one extra Euro efficiently into a (primary) health-care system
in a country with a relatively low level of economic develop-
ment than in a (primary) health-care system in a country with
a relatively high level of economic development. This reflects
the number of policy options available and the population
health status that are both generally higher in countries with a
more advanced economic development.
In addition, maximizing the individual functions of PC

without taking into account the coherence within the system
is not sufficient from a policymakers’ point of view, when
aiming to achieve both efficiency and strong PC.

Achieving efficiency

There is not one optimal way to organize PC to achieve effi-
ciency in terms of structure–process and process–quality
ratios. Instead, it is relative to each PC system and can be set
only by establishing comparative benchmarks.
Our findings on structure–process efficiency indicate a

low variation among the 22 PC systems considered. Each of
the 10 most efficient PC systems adopts its own structure–
process combination while sharing 2 features:

(i) They commonly focus on access and coordination of
care, although differing in their levels of comprehen-
siveness and continuity.

(ii) They diverge both on their governance arrangements
and workforce development features, although they
invest a similar level of economic resources in PC.

This suggests that it is particularly important to invest in eco-
nomic conditions to achieve an efficient structure–process
balance.
Interestingly, only five PC systems are fully efficient on

process–outcome levels, with a large variation in the effi-
ciency levels obtained by the inefficient PC systems. The five
best performers use a similar combination of access, continu-
ity and comprehensiveness, although they differ on the adop-
tion of coordination of PC services. The results indicate an
extreme variability among the 18 inefficient PC systems in
turning their process dimensions into quality outcomes.
The country-specific results from the PHAMEU project [19]

provide for each country a comprehensive description of the
structure, organization and outcomes of PC in their country,
also in comparison with others. This, combined with the find-
ings on critical dimensions for the efficiency of care, could be a
suitable starting point for policymakers in each of the countries
to further zoom in on their weak aspects to explore the causes
and contemplate the need for improvement actions.
The results help policymakers to monitor the quality of

their PC systems and set achievable standards aimed to
improve the quality of their PC system.

Strengths and limitations

This is the first DEA study in PC applying a traditional eco-
nomic method in adapted version for health services re-
search purposes. It approaches PC in its full complexity,
using a comparable and comprehensive European dataset.
Because each PC system was compared with its peers to set
up standards that identify pragmatic targets, policymakers
can directly use the results to develop strategies to improve
the current efficiency levels.
However, the composite scores on countries’ PC dimen-

sions could include some errors, depending on the data
sources used [19]. DEA does not account for stochastic
events (i.e. measurement error) in the data. We, therefore,
adopted a bootstrap procedure, computing bias-corrected ef-
ficiency scores controlling for the robustness of the DEA
scores. Furthermore, we excluded from the original study
sample nine countries, and a number of quality indicators, to
minimize the potential impact of missing values.

Recommendation for future research

We recommend future research to fine-tune the application
of DEA in PC. This would require improvement of the de-
velopment of sound quality of care indicators and other
outcome indicators that are valid, measurable and subjected
to PC. In addition, it is recommended that the influence of
factors outside the influence of policymakers on PC system
efficiency is also investigated (e.g. technological advancement
and demographic features).
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Conclusion

This article provides policymakers with a measurement tech-
nique for improving the quality management of their PC
system, starting from the assumption that the quality of a PC
system is not the sum of its functions, but rather it is based
on the coherence of its structure, process and outcomes. To
improve evidence-based policymaking for health system per-
formance, there is a clear need for improvement of the PC
information infrastructure of countries, particularly in the
domain on quality of care.
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