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Abstract:-

The aim of this paper is to evaluate the efficiency and quality of primary healthcare in Extremadura (Spain), assessing
at the same time the importance and influence of the quality indicators in the performance of the health units. This
analysis considers a series of quality indicators that may affect the efficiency and activity levels of a series of primary
care centres. We build different synthetic indices of quantitative output,; output adjusted by quality; input, and costs,
applying Principal Component Analysis. Using those indices we run several two-stage cluster analyses. In a first
analysis, the output of the health system is obtained from a strictly quantitative point of view and compared to the
levels of inputs and costs. In a second analysis, we include an output adjusted by quality to perform such a comparison.
The health units in which the region is organised can be clustered in four levels of efficiency and activity:
efficientactive, efficient-inactive, inefficient-active and inefficient-inactive. The comparison of both analyses
highlights the importance of considering qualitative indicators as they substantially influence the efficiency and
activity levels of the different primary healthcare centres.

What is known about the topic?
. Health output has been linked with quantitative aspects, related to the activity of the different centres, evaluating
the health service from a strictly quantitative point of view, widely criticised orientation.

What does this paper add?

. The incorporation of qualitative indicators into the measurement of the healthcare efficiency and quality affects
the results obtained under a strictly quantitative point of view.
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INTRODUCTION

The primary objective of health policy is to maintain and improve the health of its users increasing patients’ satisfaction
with the whole system. Therefore, it is necessary to efficiently assign the scarce economic resources to be used where
they are needed and where better results are obtained. A huge stream of research focuses on measuring the health
systems efficiency. However, most of it mainly deals with hospitals, providing less attention to primary healthcare.
The consideration of hospitals instead of primary care obeys to the fact that the former are organisations with clear
boundaries where patients are admitted and discharged (Amado and Dyson, 2008). Contrarily, primary care bounds
are not that explicit, and health is delivered in an open community-based system. These primary healthcare
characteristics make it difficult to appropriately establish a measurement of the service delivered, especially when the
output of the service needs to be defined. Health output has traditionally been linked to quantitative aspects, related to
the centres’ activity (e.g., number of consultations) (Chilingerian and Sherman, 1997; Goiii, 1999), producing models
evaluating the service from a strictly quantitative point of view. This orientation is mainly motivated by the lack of
information about other aspects of the health services and it has been widely criticised (Puig-Junoy and Ortan, 2004;
Amado and Dyson, 2009). Firstly, because the number of consultations may be affected by elements that providers
cannot control (e.g., sociodemographic characteristics of the population); secondly, because GPs can choose the
number of patients they want to see on a day, and thirdly, because the impact of the visits in patients’ health mainly
depends on how effective these consultations are. Despite the limitations of strictly quantitative approaches, research
considering qualitative factors influencing the measurement of the health output are very limited (Salinas-Jiménez and
Smith, 1996; MurilloZamorano and Petraglia, 2011; Cordero et al., 2014). Leaving the models strictly oriented to the
health system activity, we contribute to the literature by incorporating quality into the measurement of the healthcare
output. The objective of this paper is to evaluate the level of efficiency of primary healthcare in Extremadura
considering several quality indicators that may affect the efficiency with which the system is offering its services when
measured under a strictly quantitative perspective. To that end, we calculate a series of synthetic indices of output,
input and costs, using information from a rich dataset for primary health system in Extremadura (APEX). We use these
indices to examine the efficiency of the centres participating in the study, applying a two-stage cluster analysis (Yang
et al., 2009; Lopez-Sanchez and Santos-Vijande, 2015), which allows performing an efficiency analysis with a special
incidence in the inclusion of quality indicators. To the best of our knowledge this is the first time that a two-stage
cluster approach is used to analyse primary healthcare efficiency. By doing so, we are able to cluster the individual
units not only based on their efficiency scores, but also on their level of activity performance.

Methods

We use cluster analysis to determine the efficiency and activity levels of the health units of the region of Extremadura,
retrieving data from APEX08 (Murillo-Zamorano et al., 2011), an information system for the study of primary care in
the region of Extremadura. Extremadura is one of the largest and less populated regions in Spain, being therefore,
sparsely populated. Because of that, its primary healthcare is structured around two levels of aggregation: Health Areas
and Health Zones. The system consists of eight Health Areas, each of them divided into different Health Zones
(organised around a primary care centre as the main provider). We use data from 104 Health Zones to build, using
Principal Component Analysis, three main synthetic indices associated with the health output or output adjusted by
quality, with the health inputs and with the costs of the system. The output adjusted by quality is obtained from the
use of two indices, one related to activity and one related to quality. The activity output index is built using as variables
the number of consultations (in per capita terms) by GP, paediatrician, nurse, and emergency unit. The qualitative
output is obtained from two intermediate indices of quality. The first one contains information about the daily caseload
by GP, paediatrician and nurse. The daily caseloads are assumed to be negatively associated with quality, because the
staff with fewer consultations would be able to devote more time to each patient, offering a high quality service.
Therefore, we accordingly adjust such index, so that it is directly associated with quality. The second index of
qualitative output is built using the experience of the health staff (in days worked), the number (by patient) of
diagnostics tests, and the inverse number of referrals (by patient) from primary to secondary care. We assume that the
number of diagnostics test is positively associated with quality, as those tests help medical staff to better understand
the nature of the problems. For the referrals, we consider that it is negatively associated with quality. Consequently,
we express this indicator by its inverse value, so that the three variables have the same positive orientation towards
quality. The index of input is obtained using (in per capita terms) the health staff in each centre (GPs, paediatricians,
nurses), the non-health staff (admin staff, social workers), the number of prescriptions, and the centre area. The index
of cost is built from the costs of the health staff, non-health staff, prescriptions, and area (all of them in per capita
terms). The descriptive statistics of all variables and the indices are presented in Table 1. Once we obtain the indices
we proceed to the application of cluster analysis, an exploratory data analysis tool that classifies observations in
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relatively homogenous groups, called clusters (Jobson, 1992). With that, similar individuals will belong to the same
groups while different observations will belong to different clusters. Three main purposes exist when applying data
clustering (Jain, 2010): (1) ‘to gain insight into data, generate hypotheses, detect anomalies and identify salient
features’, (2) to identify similarities between individuals, and (3) to arrange and summarise the data. In this research
and following previous literature (Yang et al., 2009; Lopez-Sanchez and SantosVijande, 2015) we take a hybrid
approach, known as two-stage cluster analysis, firstly applying the hierarchical method of Ward (Ward, 1963) and
then the non-hierarchical k-means clustering method (Ball and Hall, 1965; MacQueen, 1967; Lloyd, 1982). The
hierarchical method of Ward forms ‘hierarchical groups of mutually exclusive subsets on the basis of their similarity
with respect to specified characteristics’ (Ward, 1963). It is designed to obtain the groups in order to minimise the
within-cluster variance (Punj and Stewart, 1983). In the k-means procedure, individuals are reassigned by moving
them to the group whose centroid is closest to that particular individual being reassigned (Punj and Stewart, 1983).
This method minimises the mean squared distance from each of the observations to its closest centre. The kmeans
methodology produces exceptional results if given a reasonable starting solution (Milligan and Cooper, 1987; Stock
and Zacharias, 2011). Finally, and after both methods are applied, we use discriminant analysis to inform the number
of cluster that should be considered (Greenly et al., 2005). Discriminant analysis allows for the identification of
dissimilarities between two or more clusters in relation to several variables at the same time (Klecka, 1980).

Results

We run two cluster analyses. The first one is strictly quantitative, so we use the indices of quantitative output, inputs
and costs. The second one incorporates the quality indicators, therefore, we use the output adjusted by quality or total
output, together with inputs and costs. For the first stage of the cluster analysis, we consider a range of solutions
between three and four groups. After looking at the composition of these clusters we decide to perform the
nonhierarchical k-means methods using the same range of solutions. The existence of two clusters does not seem to
be very sensible as the units contained in each of them may be very heterogeneous. Nevertheless, we decide to also
include that option in the second stage of our analysis in case the k-means method provides with additional
information. After analysing the solutions obtained, we consider that the most appropriate one is the four-cluster
option, indicating the existence of four levels of efficiency and activity in primary healthcare in Extremadura,
described later on. We determine the stability of these results by means of a discriminant analysis (Greenly et al.,
2005). The discriminant functions provide a significant value of the Wilks’ lambda for both analyses performed
(Wilks’ lambda = 0.354; p = 0.000 and Wilks’ lambda = 0.494; p = 0.000, respectively); indicating that the four cluster
obtained are statistically significantly different. Additionally, the discriminatory models correctly classify 99.00% and
99.04% of the cases, respectively. Table 2 shows the mean values of the indices of quantitative output, total output,
input, and costs in each of the clusters built, for both analyses. Considering these values we characterise the groups
based on their activity and efficiency levels as follows: efficient-active, efficient-inactive, inefficient-active, and
inefficient-inactive. In the efficient-active clusters is the Health Zones present an index of output greater than the
values of inputs and costs. Furthermore, they are active because their levels of outputs are high, compared to the Health
Zones classified in the inactive clusters. The efficient-inactive cluster is that one that can be considered as efficient
because the levels of output are greater than their inputs and costs. However, this group receives the characterisation
of inactive because of its reduced outputs. The group categorised as inefficient-active, present high levels of activity
and activity adjusted by quality, but their inputs and costs are greater than its output being, therefore, inefficient. The
final cluster, despite using more resources than other groups, its level of output is very reduced and smaller to the
corresponding inputs and costs, being inefficient-active. As seen from Table 2 and focussing first on the strictly
quantitative analysis almost half of the Health Zones are inefficient (active and inactive), indicating that, efforts need
to be done to reduce the resources used or to increase the activity of the centres so they can be considered efficient
Health Zones. In relation to the analysis performed with the output adjusted by quality, although the number of Health
Zones classified in the inefficient clusters decreases compared to the previous analysis, there are still a lot of Health
Zones in those groups, needing to either reduce the resources they use or increase their activity and quality.
Additionally, within the efficient Health Zones, there is a reduction in the number of efficient-active ones and an
increase in the number of efficientinactive Zones, as a consequence of the inclusion of quality, indicating that the
quality with which they are offering healthcare could not be the most appropriate. Therefore, claiming for an
improvement in the quality with which healthcare is delivered. Looking at the Health Zones in which these differences
are taking place, our results indicate that almost a quarter (21 Health Zones — 20.19%) are influenced by the
incorporation of quality indicators (Table 3). In some of them the inclusion of qualitative indicators have a positive
impact improving the total output, compared to the quantitative output. The changes with the maximum impact refer
to six Health Zones that are ineffient-inactive under the first analysis and efficient-active under the second one. They
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present high levels of inputs and costs and low levels of quatitative output (inefficient-inactive). However, they are
characterised by having a good quality, and because of that, the total output improves in such a way that they become
efficientactive when the output adjusted by quality is considered. There are also Health Zones, which do not perform
adequately in terms of quality so that, when they are evaluated with an output that includes those qualitative aspects,
their efficiency reduces considerably. The most relevant results refer to nine Health Zones that, despite being efficient
in both analyses, the incorporation of quality indicators worsens the activity levels so they become inactive. Actions
in relation to these Health Zones should be taken in order to be able to increase the quality with which health services
are delivered. A similar situation is represented by four Health Zones for which the incorporation of quality indicators
worsens their outputs changing from active to inactive. Apart from that, in this case, the Health Zones are also
inefficient. Consequently, actions are also needed to reduce inputs and costs so that an increase in the output together
with a reduction in these two latter variables can have a positive impact and they become efficient-active. As seen
from these results, the inclusion of qualitative indicators affects the efficiency of the health system, which higlights,
the importance of the consideration of quality in primary healthcare. Furthermore, a high proportion of Health Zones
are inefficient indicating that efforts need to be done to use the resources properly, to increase the output or to keep
producing the similar outputs but with a considerable reduction in inputs and costs.

Discussion

Our study has analysed whether different efficiency levels exists in the provision of primary healthcare services in
Extremadura. To that end that we have extracted data from APEXO0S, an information system specifically elaborated
for the study of primary healthcare in the region and that contains detailed information about the Health Areas and
Health Zones in which primary healthcare is organised. Using this dataset and applying Principal Component Analysis
we have calculated synthetic indices of output, input and costs. For the output, we have not only considered the activity,
we have also considered quality variables to adjust the quantitative output and obtain an output adjusted by quality.
Such a consideration obeys to the idea that in order to be able to adequately measure health output, we need to take
into account both quantitative (activity) and qualitative (quality) indicators. We have used these indices to perform
an efficiency analysis, utilising a two-stage cluster analysis, applying the method of Ward (Ward, 1983) and the non-
hierarchical k-means methodology (Ball and Hall, 1965; MacQueen, 1967; Lloyd, 1982). After studying the different
solutions and using a discriminant analysis (Greenly et al., 2005), we have selected four clusters as the most
appropriate solution, defining four different levels of efficiency and quality: efficient-active, efficient-inactive,
inefficient-active and inefficient inactive. The cluster methodology applied in this research present the potentiality of
allowing grouping the individual units not only based on their efficiency, but also on their activity. These four groups
were the most appropriate solution for the two cluster analyses performed. In the first of them we only considered
activity indicators, whilst in the second one we incorporated the quality variables into the definition of the output,
using, therefore, the output adjusted by quality. In relation to the first analysis, results indicated the need for an increase
in efficiency, either with a reduction in the resources used or an improvement in the activity delivered, given that
44.23% of the Health Zones participating in the study were classified in the inefficient clusters. Within the 55.77%
Health Zones classified as efficient, there is a need to increase the activity in almost half, classified as inactive. The
incorporation of quality indicators considerably affected the results, both positively and negatively. Less Health Zones
were classified in the inefficient clusters, something which could be due to an increase in the output resulting by the
incorporation of good quality indicators into the activity. However, the incorporation of quality also produced a
decrease in the number of efficient-active Health Zones. Based on all the aforementioned, it becomes essential the
consideration of quality in the analysis of the different health units in any system, given its influence in the efficiency
and activity levels. The development of any piece of research that does not include these distinctive characteristics
could lead to misleading results and to an inadequate assessment of the activity of the health units operating in a
particular system. Similarly, and in terms of policy implications, these conclusions should be taken into account in the
decision making process about where to devote the scarce economic resources as, it does not always occur that those
health units with the highest production, in strictly quantitative terms, are the ones using the resources in the most
efficient way. Finally, and in terms of future research, it would be very important the consideration of quality as
perceived by the patients. Patients are the actual users of the healthcare and towards them it should be organised.
Therefore, an analysis of their perception of the service that it is being delivered will facilitate the decision of where
to assign the scarce resources.
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Table 1. Descriptive statistics

Standard
Variable Role Mean deviation Max Min
(SD)

Consultations by GP Quantitative cutput 10.28 392 2082 2.74
g:;;‘#ﬁ:;im by Quantitative output 638 3.13 1557 105
Consultations by nurse Quantitative output 6.98 333 1848 1.71
Consultations by Quantitative output 151 0.69 308 018
emergency unit
Daily caseload GP Qualitative output I 40.19 10.12 6479 17.16
Daily caseload pediatrics  Qualitative output [ 20.51 8.73 53.26 4.50
Daily caseload nurse Qualitative output [ 28.12 11.27 §7.61 10.96
Experience Qualitative output II 5825 334 6470 31815
Diagnostic tests Qualitative output 11 0.52 0.22 1.17 0.07
Referrals Qualitative output II Ry 0.69 6.67 1.61
Health staff’ Input 0.0031 0.0015 0.0087 00013
Non-health staff Input 0.0013 0.0008 0.0046 0.0003
Prescriptions Input 2362 486 3554 11.59
Area Input 0.14 0.09 047 0.01
Cost of health staff Cost 210.87 095.74 39434 8040
Cost of non-health staff Cost 31.83 18.27 §5.07 1.67
Cost of prescriptions Cost 288.32 112.84 §13.73 0.15
Cost of the area Cost 0.84 097 7.05 0.0003
Synthetic indices
Index of activity or quantitative output 4995 31.10 08 89 437
Index of quality I or gualitative output I 50.67 26.606 9596 3.68
Index of quality IT or qualitative output II 50.33 2255 8379 7.22
Index of total quality or total quality cutput 4935 27.07 9346 2.88
lude;-; of total cutput or output adjusted by 5129 16.00 04.57 745
quality
Index of inputs 43.82 37.25 100.00 1.46
Index of costs 43 .63 36.76 _ 10000 149

Source: Prepared By authors
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Table 2. Mean values of the indices in each of the clusters

ANALYSIS QUANTITATIVE OUTPUT-INPUT-COSTS

2
Synthetic index Cluster 1 Cluster 2

Cluster 3
(N=132)

Cluster 4

(N=14)

(N=128) N=130)
Quantitative output, ) A R N
mean (SD) 74.38(12.01)  1542(8.63)

71.49 (22.84)

26.27 (14.41)

Input, mean (SD) 26.02 (18.30) 5.64 (4.26)

80.72 (11.63)

4724 (23.33)

Cost, mean (5D) 2245 (1784 032 (7.06) 8052 (1253 4508 (23.30)
. Efficient- Efficient- Inefficient- Inefficient-
Characterisation . . . . . .
active inactive active inactive
ANALYSIS TOTAL OUTPUT-INPUT-COSTS
Svnthetic index Cluster 1 Cluster 2 Cluster 3 Cluster 4
- (N=125) (N=138) (N=18) (N=13)

(TS“I‘SI output,mean g4 05 (17 g9y 30.29 (16.07)

74.80 (16.81)

25.04 (10.18)

Input, mean (SD) __ 39.06 (23.00) _ 7.99 (9.10)

01.86 (10.81)

58.10 (26.25)

Cost, mean (5D) 30,84 (18.71) 0.55 (6.64) 03.66 (6.47) 61.31(20.78)

L Efficient- Efficient- Inefficient- Inefficient-
Characterisation . . . . . .
active inactive active inactive

Source: Prepared by authors
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Table 3. Health Zones that change in their efficiency and quality level

Analysis X
uatirai tive Analysis total
Health Area Health Zone q . output-input-
outpuy-input-
cost
cost
Changes from efficient-active to efficient-inactive
Aceuchal Efficient-active E.fﬁcl:m_lt_
inactive
Calamonte Efficient-active E.fﬁcl.mflt_
. inactive
Meérida Efficient-
Guarefia Efficient-active . o
inactive
Villafranca de los - . Efficient-
Efficient-active ) .
Barros inactive
Fuente del Maestre Efficient-active E.fﬁcl?jflt_
) inactive
Llerena-Zafra Santos de Maimona Efficient-active E.fﬁm?j_lt_
inactive
Zafra Il Efficient-active Ef’ﬁc@nt—
inactive
Jaraiz de la Vera Efficient-active E.fﬁm?j_lt_
Plasencia iactive
Plasencia-Norte/La - . Efficient-
Efficient-active . o
Data inactive
Changes from efficient-active to inefficient-inactive
Navalmoral de la “Villanueva de la ) - . " Inefficient
. Efficient-active . .
Mata Vera inactive
Changes from efficient-inactive to efficient-active
Meérida Meérida - Norte Efficient-inactive  Efficient-active
Changes from inefficient-active to inefficient-inactive
Badajoz Foca de la Sierra Inefficient-active In_eﬁ'ic;ttut—
) inactive
Ahigal Inefficient-active Iu_efﬂqe_ut—
= ) inactive
. ~ . . Inefficient-
Plasencia Casas del Castafiar Inefficient-active . .
inactive
Pinofrangueado Inefficient-active Ill.EfflC.lf.:Ilt—
inactive
Changes from inefficient-inactive to efficient-active
Inefficient- . .
Badajoz Alburguerque _ inactive _ Efficient-active
San Vicente de ) Inefficient- ) Efficient-active
Alcantara inactive
Villanueva del Iu_efﬁc }f_:ut— Ffficient-active
_Fresno ) inactive
Meérida Hornachos Iu_efﬁ-: ;v:_ut— Efficient-active
) inactive
Don Benito Talarrubias Iu_efﬁ-: l1en1— Efficient-active
inactive
Plasencia Hervas In_ef'ﬁc .w_nt— Efficient-active
inactive

Source: ;’repared- l-ay authors
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