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A BSTRACT
Objective: To analyse the association between MEDEA (Mortality in small areas of Spain and socioeconomic and environmental
inequalities) index and mortality in urban and rural areas of Catalonia.
Methods: An ecological study based on the analysis of census section. The data source used for census section and variables to
calculate the MEDEA index was the census (2001). Mortality data were obtained from System for the Development of Research
in Primary Care (SIDIAP). The census sections were classified as rural or urban. The association between mortality and the
socioeconomic index was analysed as categorical variable (quintiles). Poisson models were fitted to study the association between
MEDEA index and mortality. Analysis was done with the STATA software, version 12.
Results: In January 2009, a total of 4,526,071 adults (> 14 years old) were assigned to ICS (Institut Català de la Salut ) primary
healthcare centres. The identified population lived in 5,214 census sections out of a total of 5,222 existing areas, from which
4096 (78.5%) were urban. The association between MEDEA quintiles and mortality was significant for urban areas excluding
Barcelona: excess mortality was 5% (IRR = 1.05 IC 95% 1.01-1.10), being higher in urban areas (IRR = 1.11 95% CI 1.08 to
1.15) and even higher in Barcelona (IRR = 1.24 95% CI 1.18 to 1.31). This association was not significant for rural areas (IRR =
0.95 CI 95% 0.88-1.02).
Conclusions: Socioeconomic deprivation, measured with the MEDEA index, was related with an increase in total mortality in
urban areas of Catalonia. In rural areas there was no association with mortality.
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1. I NTRODUCTION
Health is influenced not only by individual characteristics,
but also by social and environmental factors. In recent years,
researchers have studied the ways in which the characteris-

tics of an individual’s area of residence have an impact on
that person’s health.[1, 2] Socio-demographic characteristics
and socioeconomic status are related with mortality and with
disease risk.[3–7] In the eighties, Townsend developed the
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concept of deprivation as a result of social inequalities, defined as “a state of observable disadvantage of an individual,
family or group, related to the community, society or nation
to which they belong”.[8] Indices to assess deprivation include both social and material dimensions. The concept of
the deprivation of an area has been used to study the health
impacts related to the socioeconomic aspects of a geographic
location.[9]
Traditionally, there have been two different types of research
on social inequalities and health: at the individual level or
group level. Despite the strengths and limitations of both
lines of research, many studies have suggested the usefulness
of both approaches, both separately and as complementary
efforts. The main limitation of studies at individual level is
that data are often unavailable, leading to the use of ecological indicators for geographic areas.[10] Various deprivation
indices have been used, based on the available information
for small geographic areas, such as a neighbourhood, census
section or postal code.[6, 7, 9, 11–13] In the United Kingdom,
the English Indices of Deprivation 2010 provide a measure
of deprivation at small area level across England.[14] In
Spain, the relationship between socioeconomic inequalities
and mortality has been studied using several indices of deprivation in small areas.[15–18] One of the indices was developed
within the framework of the MEDEA project (Mortalidad en
áreas pequeñas Españolas y Desigualdades Socioeconómicas y Ambientales, or Mortality in small areas of Spain and
socioeconomic and environmental inequalities [MEDEA]).
The MEDEA index was used in 5 cities in Spain, using the
census section as the unit of analysis and 2001 census data.
Employment and education, the socioeconomic indicators
that best explained the variability of the Standard Mortality
Ratio (SMR) were selected for analysis.[9] This index allows
the study of associations between socioeconomic indicators
and mortality for various cities at the level of the census
section,[19] it has been shown to differ by sex[20] and size of
city studied.[21] Furthermore, it has been described that deprivation indices tend to be sensitive to differences between
urban and rural areas.[22] In Spain, use of the MEDEA index
has not been analysed for rural areas to date.
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are available and can be cross-referenced to obtain the census
section, from which the socioeconomic data can be inferred
to analyse social inequalities. The ICS is the major provider
of primary healthcare services, responsible for nearly 80%
of the population (i.e., 5.8 million people).
The reason for doing this study is to test how the MEDEA
index captures measures of deprivation in urban and rural
settings that might impact on mortality, because it hadn’t
been used in rural areas before. The objective of this study
was to carry out a small-area analysis of the associations
between the MEDEA index and overall mortality in urban
and rural areas of Catalonia.

2. M ETHODS
2.1 Design and participants
This was an ecological study based on an analysis of census
section. The study population was all adults (> 14 years old)
assigned to ICS primary healthcare centres in Catalonia (n =
4,526.071).
2.2 Data sources
The data source used for census section and variables to calculate the MEDEA index was the census. Mortality data
were obtained from System for the Development of Research
in Primary Care (SIDIAP) (www.sidiap.org).

2.2.1 Census
A demographic census of the entire population of Catalonia
is undertaken every 10 years by Spain’s national statistical
institute (Instituto Nacional de Estadística); census data collected in 2001. Information is provided for census section
that is an administrative territorial division to use in statistical
operations. It’s defined by population size criteria and delimits the territory accidents and geographic; the small size let
the homogeneity of the houses that compose it. Furthermore,
this information includes the five variables required to calculate the MEDEA index: 1) manual workers; 2) unemployed;
3) part-time workers; 4) under-educated (total); and 5) undereducated (young adults), using the weights corresponding
to the values calculated for the city of Barcelona during the
original MEDEA project.[9] It is provided by the Statistical
In order to obtain a socioeconomic indicator to incorporate
Institute of Catalonia (Idescat).
into the epidemiological databases, a review of literature was
undertaken to evaluate the available indices. Of all those 2.2.2 SIDIAP
analysed, the MEDEA index was selected because it was It is a clinical database that uses data from the electronic
developed in our setting (including the city of Barcelona), health record system of the ICS in primary care (ECAP),
using data available from the census and easily applied to this and others complementary data sources, making available
analysis. In Catalonia, the clinical databases of the Catalan valid and reliable data for research on primary healthcare.
Institute of Health (Institut Català de la Salut, ICS) contain The SIDIAP database contains individual patient information
mortality information and although neither the census section linked to a unique, anonymous identifier and covers 5.8 milnor socioeconomic information is recorded, home addresses lion individuals (80% of the Catalan population and 10.2%
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of the total population of Spain) registered in 279 ICS primary healthcare teams.[23] Mortality data were obtained from
SIDIAP. For the purpose of the study, individuals were considered deceased if their death was recorded in the electronic
health record between 1 January 2009 and 31 December
2012. The mortality data chosen was for 2009-2012 when
the census data is from 2001 because more recent census was
not available.
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3. R ESULTS
In January 2009, a total of 4,526.071 adults (> 14 years old)
were assigned to ICS primary healthcare centres. The census
section (census data collected in 2001) could be identified for
96.7% of this population, establishing that 861.185 (18.4%)
of these patients lived in rural municipalities.

The study population was distributed in 5,214 census sections (of the total 5,222 in the 2001 census), of which 4,096
(78.5%)
were urban. In Catalonia as a whole, the median
2.3 Unit of analysis section
The unit of analysis was the census section; SIDIAP com- number of patients per section was 830, with an interquartile
piled information from the ECAP and the census. SIDIAP range (IQR) of 1,116; the median was 875 (IQR = 855) in
urban areas, 691 (IQR = 839) in Barcelona (city), 1056 (IQR
data were linked to the census 2001 data.
= 880) in urban areas other than Barcelona, and 486 (IQR =
Since ECAP did not contain the census section information 1,098) in rural areas.
needed to link the two data sources, an ad-hoc dictionary was
created that mapped the home address free-text fields. This The MEDEA index value calculated for each census section
dictionary was then cross-referenced with the recorded ad- in all of Catalonia ranged from -1.92 to 5.27, with a mean of
dresses for ICS patients to obtain a relationship between the 0.36. In urban areas, the range was the same but the mean
anonymised patient identifier and the corresponding census was 0.43; in rural areas, the range was -1.66 to 3.26, with a
mean of 0.17.
section, which was also stored as anonymised data.
In urban areas, both the percentage of women and the average
2.4 Classification of rural and urban areas
age of the population decreased as the level of deprivation
Census sections were classified as rural or urban on the basis increased. In rural areas, the percentage of women followed
of the municipality to which they correspond. Each cen- the socioeconomic pattern of other geographic areas, but age
sus section corresponds to rural or urban. A municipality remained stable across the quintiles of deprivation (see Table
with more than 10,000 inhabitants and a population density 1).
greater than 150/km2 was considered urban.[24]
2.5 Analysis
The MEDEA index was categorized in quintiles, with quintile 1 corresponding to the least deprived population and
quintile 5, the most deprived.
All census sections were considered that had any population
assigned to ICS primary healthcare centres, independently
of their size and incidence of mortality. To analyse the association of the MEDEA index and mortality in the different geographic areas (total Catalonia, urban areas, city of
Barcelona, urban areas other than Barcelona and rural areas),
a Poisson regression model was used, inflated to zeros because the aggregated nature of data had a higher number of
zeros that was inconsistent with the Poisson distributed.[26]
The association between MEDEA quintile and mortality was
evaluated using age- and sex-adjusted, zero-inflated, Poisson Figure 1. Mortality adjusted by age and sex, by quintiles of
regression modeling (IRR and 95% CI)[26] .
deprivation (MEDEA) for all of Catalonia
In the analysis strategy, the incidence Rate Ratio (IRR) was
calculated, taking the first quintile on the MEDEA index
as the reference category and then adjustments were made
for age and sex. The first quintile means the least deprived.
Statistical significance was determined as p < .05. Analysis
was done with the STATA software, version 12.
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and for urban areas. In Catalonia overall, the quintile with
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that of the quintile with the best socioeconomic conditions
(IRR adjusted for age and sex = 1.08 95% CI 1.05-1.12) (see
Figure 1). In urban areas other than Barcelona, there was
5% excess mortality (IRR = 1.05 95% CI 1.01-1.10), being
greater (11%) in the group of all urban areas (IRR = 1.11
95% CI 1.08-1.15) and even higher in the city of Barcelona,
reaching 24% (IRR = 1.24 95% CI 1.18-1.31). This relationship was not significant in the rural areas (IRR = 0.95 95%
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CI 0.88-1.02) (see Figure 2).

4. D ISCUSSION
Greater socioeconomic deprivation, measured with the
MEDEA index, was related with an increase in total mortality in urban areas of Catalonia, and especially in the city of
Barcelona. On the other hand, no association was observed
in rural areas.

Table 1. Demographics of census sections by geographical area and level of deprivation (quintiles of MEDEA index)
Geographic area

MEDEA index (Quintiles)

Census sections (n)

Persons assigned (n)

Women (%)

Age Mean (SD)

1

541

283,637

54.4

47.8(19.3)

Barcelona city

2

360

255,646

53.4

47.1(19.1)

(cs: 1491)

3

226

166,580

52.6

47.3(19.2)

(n: 992021)

4

190

141,632

51.8

46.7(19.2)

5

174

144,526

47.2

43.1(18.6)

1

306

353,996

52.4

46.0(18.5)

Other urban areas

2

368

426,632

41.6

45.4(18.4)

(cs: 2605)

3

493

589,109

(n: 2709148)

4

662

657,785

50.6

44.9(18.4)

All urban areas

51.0,0

45.3(18.4)

5

776

681,626

48.8

44.0(18.4)

1

847

637,633

53.3

46.8(18.9)

2

728

582,278

52.2

46.0(18.7)

(cs: 4096)

3

719

755,689

51.4

45.7(18.6)

(n: 3701169)

4

852

799,417

50.8

45.3(18.6)

5

950

826,152

48.5

43.8(18.5)

1

196

129,710

50.5

47.1(18.8)

Rural areas

2

315

217,231

49.8

47.1(19.1)

(cs: 1118)

3

324

249,515

49.6

47.6(19.5)

n: 824902)

4

191

159,106

49.3

46.9(19.3)

5

92

69,340

48.9

47.1(19.4)

1

1,043

767,343

52.8

46.9(18.9)

Catalonia

2

1,043

899,509

51.7

46.3(18.8)

(cs: 5214)

3

1,043

1005,204

50.9

46.2(18.9)

(n: 4526071)

4

1,043

958,523

50.6

45.5(18.7)

5

1,042

895,492

48.5

44.1(18.5)

Note. n: Persons assigned to primary care centers; cs: census section; MEDEA index quintils: 1 (least deprived) and 5 (most deprived);
SD: standard deviation.

The values obtained for Barcelona in the original MEDEA
project were applied to all of the census sections in Catalonia.
To address the possible lack of validity of the values obtained
in other urban areas or in rural areas, we considered the need
to analyse the behaviour of the index in different small areas. In Spain, no previous study had analysed the MEDEA
index in rural areas, and therefore we had no evidence for
that setting. In other countries, socioeconomic indices have
been designed to fit the setting, depending on the degree of
Published by Sciedu Press

urbanisation of the geographic area.[27, 28]
As described in other studies, deprivation indices tend to
be sensitive to differences between urban and rural areas;
this is one of their main limitations in developing a common
index.[22] The original focus on material deprivation has generated standardized deprivation indicators for typical urban
settings that are not applicable to rural areas.[27, 29] In the
United Kingdom, for example, factors unique to rural areas
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have been identified that could be associated with rural deprivation: income (low salaries, high cost of living), type of
work (long hours, vulnerable industries, limited transportation), type of housing (low quality, limited selection, high
prices in some regions), lack of access to public services
(public transit, healthcare services) and sociocultural characteristics (lack of confidence), tension between residents
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and non-residents, such as tourists and seasonal visitors).[28]
In rural Catalonia, geographical access to essential services
could constitute an element of deprivation.[30] Barnett identified unemployment as the most important indicator in urban
areas, and level of income the best evidence of deprivation
in rural areas.[27]

Figure 2. Mortality adjusted by age and sex, by quintiles of deprivation (MEDEA) for urban areas, Barcelona city, urban
areas other than Barcelona and rural areas
In the case of the MEDEA index, the indicators used are
those that best fit the five cities included in the original
project.[9] Conceptually, the application of the MEDEA
index appears to be appropriate for studies of urban areas,
given the diversity of cities included in the original study.[19]
Nonetheless, it is to be expected, a priori, that it would
not work in the same way in rural areas, as our study illustrated. This possibility was raised by the original MEDEA
researchers, who considered that it might not be appropriate
to use the same indicators in urban and rural settings.[9] An
indicator such as the proportion of manual labourers could behave very differently in urban and rural areas. In Barcelona,
for example, agriculture is practically non-existent, but in
interior rural areas it is much more evident.[24] From our
point of view, in rural areas where agriculture is the main
economic activity the fact of working in this sector need not
84

be associated with economic disadvantage. In urban areas,
being a manual labourer is linked more to the industrial sector, with jobs that require lower qualifications and provide
lower pay. For all these reasons, there may be a need to
devise a specific index with indicators that are appropriate to
the situation of this rural area.
With respect to the differences between areas of greater and
lesser deprivation, if we compare our results in the city of
Barcelona with those reported from other studies, the relationship between the MEDEA index and mortality was greater
in the present study.[9] This could be due to the difference in
the time periods and the study population. On one hand, we
did not include the entire population of Barcelona, limiting
inclusion to those assigned to ICS primary healthcare centres;
nonetheless, the sample can be considered representative beISSN 2377-9306
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cause it included an important percentage of the population
in all socioeconomic strata. On the other hand, our study
used mortality data for 2009-2012, while the Borrell study
analysed 1996-2003. This could be explained by economic
changes, such that deprivation could have had greater impact
on mortality in recent years (2009-2012) than it did a few
decades ago (1996-2003).[19]

2016, Vol. 2, No. 1

sidered in previous studies must be considered when estimating deprivation in urban and rural areas, such as the heterogeneity of the population and level of standardisation.[22]

Although the MEDEA index has demonstrated its usefulness
in urban areas, it is still necessary to develop an index that
adapts to the specific context of rural areas. This would allow
their inclusion in epidemiological studies with the relevant
Regarding of the 2001 census for the construction of an socioeconomic elements that otherwise cannot be analysed.
indicator in 2012, there is little variation in terms of the
The results of the present study show, once again, the impordeprivation of geographic areas over the years. A study cartance of socioeconomic factors to health status,[3] a fact that
ried out in Scotland to compare the census of 1981 with
should be incorporated into adjustments made in epidemi2001 found that 73% of the census sections maintained the
ological analyses and health planning. Along these lines,
same quintile or went up or down one level, while 2% of the
recent data suggest that a distribution of healthcare costs
sections shifted between the extreme quintiles.[31]
inversely proportional to per capita income could have a
The primary strength of the present study is our use of the positive impact on avoidable mortality associated with sosame unit of analysis (census section) as the MEDEA project, cioeconomic deprivation.[33]
the greatest geographic disaggregation provided by the census.[9] Various studies have observed that the smaller the
reference area, the more likely it is that the population will 5. C ONCLUSIONS
be homogeneous and possible differences in health status The MEDEA index is associated with mortality in Barcelona
will be better detected, reducing the potential of ecological and to a lesser extent to other urban areas. In rural areas
risk.[32]
there is no relationship. The main contribution of this study
One of the limitations of our study is that we did not use is to demonstrate the need to develop an index that suits rural
a mortality register. However, the electronic health records areas. We studied the association between MEDEA index
database that was used has been validated against the official and mortality for different cities including Barcelona. The
mortality register, and the results were very reliable. The relevance of the study is the need of an index for measuring
mortality information of ECAP records had a sensitivity of socioeconomic deprivation in rural areas.
98.6% and specificity of 99.9% (Cross-sectional study of
REGICOR deaths from 1995 to 2009 vs. SIDIAP 2011. Unpublished data). Therefore, cause of death is not available
in SIDIAP. Therefore, although interesting, the authors were
unable to characterise the effect of socio-economic status on
different causes of death.
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