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The objectives of this study are to identify inequalities in mortality among census tracts of 11 Spanish

cities in the period 1996–2003 and to analyse the relationship between these geographical inequalities

and socioeconomic deprivation. It is a cross-sectional ecological study where the units of analysis are

census tracts. We obtained an index of socioeconomic deprivation and estimated SMR by each census

tract using hierarchical Bayesian models which take into account the spatial structure. In the majority

of the cities geographical patterns in total mortality were found in both sexes, which were similar to

those for the index of socioeconomic deprivation. Among men, four specific causes of death (lung

cancer, ischemic heart diseases, respiratory diseases and cirrhosis) were positively associated with

deprivation in the majority of cities. Among women the specific causes diabetes and cirrhosis were

positively associated, while lung cancer was negatively associated with deprivation. The excess of

mortality related with deprivation was 59,445 deaths among men and 23,292 among women. These

results highlight the importance of intra-urban inequalities in health.

& 2010 Elsevier Ltd. All rights reserved.
ll rights reserved.
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1. Introduction

Within European countries, there are many examples of
systematic inequalities in health between social classes, the most
deprived population groups having worse health and higher
mortality (Whitehead and Dahlgren, 2006; Mackenbach et al.,
2008; Marmot et al., 2008). Moreover, most of these inequalities
have increased over time (Shaw et al., 1999; Mackenbach et al.,
2003; Borrell et al., 2008).

In the last two decades, the number of studies treating
geographical area as a health determinant has increased, probably
due to re-awakened interest in social and environmental
determinants of health (Krieger, 2008; Jerrett et al., 2005),
availability of data at the small area level and development of
methodology and software to analyse the spatial distribution of
health based on Geographical Information Systems (Krieger,
2003; Rushton, 2003). The analysis of inequalities in health in
geographical areas is important for at least three reasons. First,
there are contextual factors at the area level that explain health
outcomes, such as the physical environment, urban sprawl, the
labour market, leisure facilities, educational facilities, health care
and social institutions, just to name a few (Macintyre et al., 2002;
Macintyre and Ellaway, 2003). Second, the identification of
geographical areas with worse health and socioeconomic
in small areas of eleven Spanish cities (the multicenter MEDEA
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conditions facilitates the implementation of interventions and
policies to tackle inequalities in health (Kjellstrom, 2008).
And third, monitoring health inequalities can be more feasible
and routinely done using ecological data (Borrell and Pasarin, 2004).

An understanding of the processes occurring in urban areas
is a key factor to understand the economic, cultural, political
and health transformations in a given country since today
the majority of the world’s population lives in urban areas
(Kjellstrom, 2008; UN-Habitat, 2006; Galea and Vlahov, 2005).
In addition, socioeconomic inequalities in health tend to be
larger in urban areas with deprived and poor populations being
concentrated in marginalized neighbourhoods and urban slums
located at the centre or peripheral areas of these cities (Diez Roux,
2007; van Lenthe et al., 2005; Borrell and Pasarin, 2004).

Small area analysis permits gaining a deeper understanding of
geographic patterns and clusters of inequalities in health and has
proved to be essential in uncovering local-level inequalities often
masked by health estimates from large areas such as states,
regions or cities. Moreover, the rise of Bayesian methodologies
and other powerful new small-area techniques have provided
better statistical tools to carry out these analyses (Lawson et al.,
2000; Clayton and Bernardinelli, 1992). For all these reasons, the
description of health inequalities in small areas of cities has
importance for researchers, policy makers and the general
population.

Intra-urban inequalities in mortality have not been analysed a
great deal in Europe (van Lenthe et al., 2005; Stafford et al., 2004)
and have only been studied in a small number of cities in Spain
(Dominguez-Berjon et al., 2005; Ocana-Riola et al., 2008; Nolasco
et al., 2009). Moreover, when studying inequalities within cities,
the areas usually analysed are neighbourhoods, mainly because of
the difficulties which an analysis of smaller areas entails. There-
fore, the objectives of this study are to identify inequalities in
total mortality, and in cause-specific mortality, among census
tracts of eleven large Spanish cities, as well as to analyse the
relationship between these geographical inequalities and socio-
economic deprivation at the turn of the 21st century.
2. Methods

2.1. Design

This study was carried out in the framework of a project known
as MEDEA (Socioeconomic and environmental inequalities in mortality

in small areas of Spanish cities—http://www.proyectomedea.org/)
conducted jointly by 10 Spanish research groups. This study uses
a cross-sectional ecological design whose goal is to analyse
mortality inequalities at the small area level in Spanish cities.
The units of analysis were the census tracts of the 11 largest cities
included in the study according to the 2001 Population and
Households Census. These cities included 20.5% of the Spanish
population in 2001 and are located in a variety of regions
(Autonomous Communities) of Spain, from the wealthiest to
the poorest: Catalunya (city of Barcelona), Comunidad de
Madrid (Madrid), Euskadi (Bilbao), Aragón (Zaragoza), Comunitat
Valenciana (Alicante, Castellón and Valencia), Galicia (Vigo),
Andalucı́a (Córdoba, Málaga, Sevilla).
2.2. Study population and information sources

The study population consisted of people residing in the cities
during the period 1996–2003. Mortality data were obtained
through the mortality registries of the Autonomous Communities
or from the mortality registry of the city in the case of Barcelona.
Please cite this article as: Borrell, C., et al., Inequalities in mortality
project). Health & Place (2010), doi:10.1016/j.healthplace.2010.03.0
Expected number of deaths in each census tract were calculated
taking as reference mortality rates by sex, age (5 year age-specific
mortality rates) and cause of death for Spain, year 2001, which were
provided by the National Institute of Statistics (Instituto Nacional de
Estadı́stica). In order to elaborate an index of socioeconomic
deprivation the source of data was the 2001 Population and
Household Census. The Population and Household Census was also
used to obtain information on the number of inhabitants stratified
by sex, age (in five-year groups) and census tract.

2.3. Variables

Number of deaths by five-year age groups, sex, census tract of
residence, and the underlying cause of death were extracted from
mortality registries. The census tract was obtained through the
postal address of the deceased provided by either the Death
Certificate or by the Local Census. Due to technical problems in
geocoding place of residence, for some deaths could not be
geographically referenced, the proportions varying from 0.13% in
Bilbao to 14.28% in Vigo. Except for Vigo, these percentages were
always lower than 7%. Underlying causes of death were coded
using the International Classification of Diseases: 9th revision
(ICD-9) for deaths occurred between 1996 and 1998,
and 10th revision (ICD-10) for those occurred between 1999
and 2003.

The present study has analysed all-cause mortality, and
mortality for 10 of the leading specific causes of death in Spain
(lung, breast and prostate cancer, diabetes, mental diseases,
Alzheimer, ischemic heart diseases, cerebrovascular diseases,
respiratory diseases and cirrhosis). These causes accounted for
43.9% of all deaths among men and 68.6% among women in Spain
for the year 2001.

2.4. Socioeconomic deprivation index

Material deprivation refers to the lack of access to conditions
related with health such as a healthy job, housing, home facilities
or a safe environment. Many indicators have been proposed to
measure deprivation (Dominguez-Berjon et al., 2001). In this
study, a deprivation index was calculated for each census tract
using the methodology proposed by Dominguez-Berjon et al.
(2008) (principal component analysis), based on the socioeco-
nomic indicators available for each census tract. Five simple
indicators were included in this index (year 2001): (a) Unemploy-
ment: percentage of people aged 16 years or over actively seeking
a job in relation to the total economically active population;
(b) Low educational level: percentage of people aged 16 years and
over with less than 5 years of schooling or with 5 years of
schooling or more who did not complete basic compulsory
education, in relation to the total population aged 16 years and
over; (c) Low educational level in young people (16–29 years);
(d) Manual workers: percentage of people aged 16 years or over,
employed, who are manual workers in relation to the total
employed population aged 16 years or over; and (e) Temporary
workers: percentage of people aged 16 years or over, employed in
temporary jobs, in relation to the total employed population aged
16 years or over. The index is normalized with a mean 0 and
standard deviation of 1. The index of deprivation accounted for
more than 75% of the variability of the socioeconomic indicators
included.

2.5. Data analysis

The observed deaths (Oi) for each census tract (i¼1,y,n)
follow a Poisson distribution with mean mi¼Eiyi, where Ei were
in small areas of eleven Spanish cities (the multicenter MEDEA
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the expected cases for each census tract obtained by indirect
standardization, and yi was the relative risk for each specific area.
The maximum likelihood estimate (MLE) of yi was the standar-
dized mortality ratio (SMR) for the ith census tract: Kyi ¼Oi=Ei

(the ratio between observed and expected deaths) with estimated
variance proportional to Oi=E2

i , and consequently, may present
high variability in areas with small populations. Therefore, in
order to control this variability in estimating the risk we used
Bayesian models, and more specifically the model proposed by
Besag et al., 1991) (BYM) which takes into account two types of
random effects: spatial (Si) and heterogeneous (Hi). Prior dis-
tributions are assigned to the random effects, and hyper prior
distributions to the parameters of the prior distributions. In our
case, for the spatial effect, we chose a conditional autoregressive
normal distribution (CARN) whose precision matrix (the inverse
of the variance–covariance matrix) is proportional to the
neighbourhood matrix between census tracts, considering as
neighbouring areas any that share part of their frontiers, and a
normal distribution with mean 0 and variance s2

h for the
heterogeneous effect. Following the suggestion by Gelman et al.,
(Gelman, 2006; Best et al., 2005; Barcelo et al., 2008), a uniform
distribution U (0,5) is assigned to the standard deviation of the
random effects. The model assumes that the logarithm of the
mean of the observed mortality has the following form:

Model A: log(mi)¼ log(Ei)+a+Si+Hi; where a is the constant
term.

As an extension to model A we add the deprivation index (Xi)
Model B: log(mi)¼ log(Ei)+a+b1Xi+Si+Hi; where eb1is the rela-

tive risk associated with the deprivation index.
As the scale of the deprivation index is adimensional, the

interpretation of b1 is somewhat cumbersome and useless if it is
not accompanied by the scale of variation of the deprivation
index. Therefore, to illustrate the impact of deprivation on
mortality we present, for every cause of death and city, the
relative risk of the census tract with percentile 95 of the
deprivation index (highest deprivation) vs. the census tract with
percentile 5 (lowest deprivation). This indicator can be considered
as a trimmed measure of the inequalities arising from deprivation
for every city and cause, as it compares both ends of the scale and
has been trimmed (to 5 and 95 percentiles) to make it more
robust. From now on, we will call this indicator the Relative Risk
(RR) without any other additional comment.

The estimations of RR were assessed through the mean of the
posterior distribution and its 95% Credibility Interval (95%CI). This
distribution was obtained using Monte Carlo methods based on
Markov chains (MCMC), as implemented in the WINBUGS
program, version 1.4.3, (Lunn et al., 2000) and which was called
from R 2.8.0 (R Development Core Team, 2008). Model conver-
gence was assessed using the R-hat statistic (Brooks–Gelman–
Rubin statistic in WINBUGS) and effective sample size of the
chains (n.eff statistic in R) (Brooks and Gelman, 1998). Criteria for
convergence were: R-hat less than 1.1 and n.eff greater than 100
for all the parameters summarized by the model.

In order to obtain the excess number of deaths related with
socioeconomic deprivation we calculated the excess of deaths in
each census tract comparing observed and expected deaths under
the assumption that the deprivation of each area was the same as
the average deprivation of the 10% of areas with the lowest
deprivation. We defined the excess number of deaths in the ith
census tract as (Vergara et al., 2009)

Excess deaths in the ith census tract¼ ~Oi�
~O
�

i

where ~Oi is the posterior predictive value of observed deaths in
the ith census tract and ~O

�

i the posterior predictive value of
expected deaths in the ith census tract.
Please cite this article as: Borrell, C., et al., Inequalities in mortality
project). Health & Place (2010), doi:10.1016/j.healthplace.2010.03.0
The counts ~Oi and ~O
�

i were estimated using the model B.
Specifically

~Oi � Poisson mi

� �
where mi ¼ exp log Eið Þþaþb1XiþSiþHi

� �
and

~O
�

i � Poisson m�i
� �

where m�i ¼ exp log Eið Þþaþb1X
�

i þSiþHi

� �
with

X
�

i ¼

P
i A d

Xi

m where d represents the subset consisting of the
10% of census tracts with the lowest deprivation index (Xi) and m

the number of census tracts in d.
The total excess of deaths was obtained by summing the

excess deaths across all census tracts
Pn

i ¼ 1

ð ~Oi�
~O
�

i Þ

 !
. We have

also calculated the percentage of excess of deaths with respect to

the total observed deaths
Pn

i ¼ 1

ð ~Oi�
~O
�

i Þ=
Pn

i ¼ 1

ð ~OiÞ

 !
� 100

 !
. For

each measure we have calculated its posterior mean and 95%
posterior credibility interval.

All analyses were conducted separately for each city and for
men and women (Kunkel and Atchley, 1996). The geographical
distributions of smoothed SMR (sSMR) values derived from the
BYM models and of deprivation index are displayed using maps of
septiles, green areas representing low sSMR and low deprivation
and brown representing high sSMR and high deprivation. All
maps were plotted using the R statistical package.
3. Results

Table 1 describes the total population, number of census tracts,
and distributions of the population and socioeconomic indicators
by census tract, for each city. The number of census tracts varies
from 95 (Castellón) to 2358 (Madrid), this number being related
with city population. The median population by census tract is
around 1000 inhabitants.

In general, Córdoba had the worst, and Barcelona and Bilbao
the best levels of socioeconomic indicators. Table 2 shows the
number of deaths by cause of death in each city.

For some causes of death, the results showed a similar spatial
pattern of the deprivation index and mortality. The geographical
distributions of both the deprivation index and the sSMR for
several causes of death among men and women in two cities are
shown in Fig. 1. We have chosen, as an example, one city where
spatial patterns of sSMR and the deprivation index were similar
(Valencia) and one that was different (Bilbao).

Tables 3 and 4 show the association between the deprivation
index and total and cause-specific mortality, for men and women,
respectively. Inequalities in total mortality were highest in Sevilla
(RR¼1.84) and lowest in Vigo (RR¼0.97) for men, and highest in
Valencia (RR¼1.33) and lowest in Vigo (RR¼0.80) for women.
Barcelona, Madrid and Valencia were the cities which had more
causes with RR higher than 1 for both men and women, while,
among women, Castellón, Córdoba and Vigo had almost no RR
values different from 1.

Among men, for total mortality, the association was positive
and with a credibility interval not including the value of 1 for ten
cities. In four causes of death (lung cancer, ischemic heart
diseases, respiratory diseases and cirrhosis) the RRs were higher
than 1 and with 95% credibility intervals not including this value
for the majority of cities. The highest RRs were found in
respiratory diseases and cirrhosis. In the case of mortality by
prostate cancer and Alzheimer’s disease there was no relationship
with socioeconomic deprivation in the majority of cities. For the
remaining causes of death (diabetes, mental diseases and
cerebrovascular diseases) a positive association was only found
in a few cities.
in small areas of eleven Spanish cities (the multicenter MEDEA
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Table 1
Population, number of census tracts and percentile (P) distribution of population and socioeconomic indicators over census tracts. 11 Spanish cities, 2001.

Alicante Barcelona Bilbao Castellón Córdoba Madrid Málaga Sevilla Valencia Vigo Zaragoza

Population 284,580 1,503,884 349,972 147,667 308,072 2,938,723 524,414 684,633 738,441 280,186 614,905

Number of census tracts 222 1491 288 95 224 2358 422 510 598 236 462

Population
P25 931.3 746.0 895.0 1092.0 1053.5 952.0 962.3 990.3 862.3 962.0 1028.0

P50 1129.0 923.0 1188.5 1457.0 1330.5 1169.5 1180.5 1253.0 1135.0 1174.0 1276.5

P75 1336.8 1166.0 1493.8 1770.5 1621.3 1442.0 1457.0 1612.8 1460.5 1404.5 1566.0

Unemployment (%)
P25 10.5 8.8 12.2 8.1 18.3 10.4 17.5 17.0 11.9 12.5 9.9

P50 13.5 10.5 14.3 9.4 23.9 12.2 21.1 22.5 14.2 14.6 11.9

P75 16.5 12.7 17.1 10.4 27.6 14.4 24.8 27.6 16.7 16.7 13.7

Low education (%)
P25 22.8 22.6 21.3 25.7 26.7 18.8 24.6 21.6 21.1 24.8 21.4

P50 33.8 30.8 29.8 33.9 38.5 30.1 33.8 34.3 30.3 33.1 30.7

P75 41.8 39.8 38.7 42.2 49.1 40.8 43.9 46.8 39.6 40.3 38.5

Low education 16–29 years (%)
P25 7.3 5.3 4.1 9.8 7.4 4.9 8.1 5.8 5.8 6.5 5.7

P50 11.3 8.1 6.8 13.2 11.9 8.6 12.1 10.7 9.5 9.5 8.7

P75 16.2 12.1 11.2 16.9 18.3 13.4 18.1 17.7 12.7 12.6 11.7

Manual workers (%)
P25 38.7 28.9 29.5 44.6 35.7 27.8 44.1 27.9 32.2 42.1 40.7

P50 56.4 40.2 46.5 56.3 56.8 42.8 60.7 49.2 49.2 55.5 56.7

P75 67.7 52.3 62.0 70.7 68.4 56.4 72.5 67.5 61.7 66.2 66.1

Temporary workers (%)
P25 22.4 15.3 17.4 20.2 23.7 16.7 28.3 22.9 20.1 22.1 17.8

P50 27.5 18.4 21.4 22.3 31.9 21.5 35.4 29.5 23.7 25.7 21.8

P75 33.6 22.0 25.6 25.0 38.1 25.7 42.2 37.0 27.7 29.9 24.8

P25¼25 Percentile.

P50¼50 Percentile.

P75¼75 Percentile.

C. Borrell et al. / Health & Place ] (]]]]) ]]]–]]]4
For women, total mortality had a high RR with a 95% credibility
interval not including the value of 1 in seven cities. However,
women’s RRs were lower than men’s. Lung cancer had an inverse
relationship with socioeconomic deprivation in six cities: the higher
the deprivation index, the lower the mortality risk. Two causes of
death (diabetes and cirrhosis) had a high RR in the majority of cities.
Breast cancer in most cities was not associated with the deprivation
index, the exceptions being Alicante (RR¼1.54; 95%CI: 1.04–2.15)
and Vigo (RR¼0.54; 95%CI: 0.33–0.83) which presented statistically
significant values. Alzheimer’s disease had an inverse relationship
(RR lower than 1) in three cities, and was not different from 1 in the
remaining cities, except Alicante where the RR was 2.10 (95%CI:
1.11–3.85). Other causes of death (mental diseases, ischemic heart
diseases, cerebrovascular diseases and respiratory diseases) had RRs
higher than 1 in a few cities.

Table 5 shows the number of cases and percentage of excess
mortality related with socioeconomic deprivation. Among men
excess mortality represented more than 10% of deaths in all cities,
except in Vigo, being the total number of excess deaths 59,445;
among women the total of excess deaths was 23,292, excess being
under 10% for the majority of cities. The highest percentages of
excess mortality among men occurred in Madrid (24,505 deaths,
representing 22.75% of excess mortality) and, among women, in
Valencia (3471 deaths, representing 12.90% of excess mortality).
4. Discussion

4.1. Principal findings and strengths of the study

In the majority of the 11 chosen Spanish cities total mortality
presented geographical patterns, in both sexes, that were similar
to patterns in the index of socioeconomic deprivation. These
geographical mortality inequalities could be explained, at least
partly, by socioeconomic deprivation among men and women in
the majority of cities. Among men, four specific causes of death
Please cite this article as: Borrell, C., et al., Inequalities in mortality
project). Health & Place (2010), doi:10.1016/j.healthplace.2010.03.0
(lung cancer, ischemic heart diseases, respiratory diseases and
cirrhosis) were positively associated with deprivation in the
majority of cities (the higher the deprivation, the higher the
mortality). Among women three specific causes of death
presented associations, two positive (diabetes and cirrhosis) and
one negative (lung cancer). The excess mortality related with
socioeconomic deprivation was 59,445 deaths for men and 23,292
for women.

This study has several notable strengths. First, it includes, for the
first time, data from eleven Spanish cities from different parts of
Spain, representing both the richest and the poorest regions of the
country. Second, the statistical analysis performed (hierarchical
Bayesian models which take into account the spatial structure) and
the choice of a small unit of analysis (the census tract) in urban areas
has allowed us to accurately locate those geographical areas having
higher mortality risk, while controlling the variability in this indicator
for areas of reduced population. Third, the same unit of analysis
(census tract) was used in all cities and also a socioeconomic
deprivation index was created using the same census-based
indicators. Census tracts were chosen because they are small and
homogenous areas, with similar socioeconomic characteristics, and
they allowed us to reach the objectives of this study. Moreover,
studies based on small areas can detect areas with higher mortality
and deprivation than is possible in studies based on larger areas. This
fact has been described as part of the Modifiable Area Unit Problem,
being the variation which can occur when data from area units of one
scale is aggregated into fewer units (Waller and Gotway, 2004).
4.2. Interpretation of results

Differences in the range of the socioeconomic deprivation
index between cities did not permit categorisation of the index
using the same cut-off point in all the cities and for this reason we
compared the excess mortality of the 95th percentile with that of
the 5th one. The consistency of the results found implies that
in small areas of eleven Spanish cities (the multicenter MEDEA
02
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Table 2
Number and percentages of deaths by cause of death. Men and women, 11 cities in Spain, 1996–2003.

Alicante Barcelona Bilbao Castellón Córdoba Madrid Málaga Sevilla Valencia Vigo Zaragoza

n % n % n % n % n % n % n % n % n % n % n %

Men
Lung cancer 882 9.2 5896 9.1 1282 8.7 447 8.6 805 8.6 9381 8.7 1335 9.2 2054 9.2 2513 8.7 723 9.1 2077 9.4

Prostatic cancer 246 2.6 1864 2.9 465 3.2 178 3.4 197 2.1 3253 3.0 342 2.4 506 2.3 861 3.0 291 3.7 711 3.2

Diabetes 158 1.6 1289 2.0 266 1.8 110 2.1 212 2.3 1439 1.3 207 1.4 376 1.7 625 2.2 119 1.5 378 1.7

Mental diseases 173 1.8 1566 2.4 298 2.0 76 1.5 174 1.9 1676 1.6 210 1.4 166 0.7 454 1.6 101 1.3 569 2.6

Alzheimer 106 1.1 689 1.1 148 1.0 53 1.0 45 0.5 705 0.7 91 0.6 138 0.6 291 1.0 57 0.7 249 1.1

Ischemic heart disease 1582 16.5 7636 11.8 1487 10.1 715 13.7 1083 11.6 11,484 10.7 1794 12.3 3387 15.3 3745 13.0 856 10.8 2441 11.0

Cerebrovascular disease 682 7.1 4783 7.4 1099 7.5 461 8.8 788 8.4 6457 6.0 1307 9.0 2266 10.2 2220 7.7 502 6.3 1757 7.9

Respiratory disease 589 6.1 3931 6.1 830 5.7 377 7.2 686 7.3 5511 5.1 1242 8.5 1029 4.6 1866 6.5 401 5.0 1320 6.0

Cirrhosis 272 2.8 1552 2.4 393 2.7 102 2.0 282 3.0 2361 2.2 446 3.1 631 2.8 808 2.8 176 2.2 475 2.1

All cause mortality 9609 100.0 64,530 100.0 14,668 100.0 5218 100.0 9370 100.0 107,671 100.0 14,546 100.0 22,206 100.0 28,865 100.0 7941 100.0 22,179 100.0

Women
Lung cancer 132 1.6 977 1.5 225 1.7 52 1.2 82 0.9 1533 1.5 146 1.1 216 1.0 339 1.3 116 1.5 249 1.2

Breast cancer 327 4.0 2539 3.9 525 3.9 136 3.0 316 3.6 3972 3.9 479 3.5 849 3.9 1036 3.9 281 3.8 797 3.9

Diabetes 224 2.7 1728 2.6 374 2.7 164 3.7 336 3.8 2274 2.2 351 2.6 633 2.9 834 3.1 199 2.7 621 3.0

Mental diseases 294 3.6 3788 5.8 636 4.7 119 2.7 337 3.8 3956 3.9 499 3.6 388 1.8 1170 4.4 304 4.1 1255 6.1

Alzheimer 175 2.1 1763 2.7 317 2.3 109 2.4 147 1.7 1514 1.5 189 1.4 286 1.3 632 2.4 149 2.0 581 2.8

Ischemic heart disease 1488 18.0 6293 9.6 1056 7.8 551 12.3 933 10.6 9362 9.2 1464 10.6 2956 13.5 2735 10.2 689 9.2 1746 8.5

Cerebrovascular disease 928 11.3 7383 11.2 1539 11.3 591 13.2 1154 13.1 9912 9.7 2202 16.0 3966 18.1 3276 12.2 902 12.0 2283 11.2

Respiratory disease 165 2.0 1507 2.3 386 2.8 127 2.8 228 2.6 1887 1.8 309 2.2 386 1.8 648 2.4 196 2.6 382 1.9

Cirrhosis 153 1.9 1121 1.7 230 1.7 54 1.2 92 1.0 1443 1.4 235 1.7 231 1.1 628 2.3 89 1.2 180 0.9

All cause mortality 8248 100.0 65,628 100.0 13,602 100.0 4483 100.0 8815 100.0 102,085 100.0 13,755 100.0 21,903 100.0 26,892 100.0 7486 100.0 20,460 100.0

International Classification of Diseases (ICD): malignant tumour of trachea, bronchi and lung (ICD9: 162, ICD10: C33, C34); malignant tumour of breast in women (ICD9: 174, ICD10: C50); malignant tumour of prostate (ICD9:

185, ICD10: C61); diabetes mellitus (ICD9: 250, ICD10: E10–E14); ischemic heart diseases (ICD9: 410–414, ICD10: I20–I25); cerebrovascular diseases (ICD9: 430–434, 436–438, ICD10: I60–I69); cirrhosis and other chronic

diseases of the liver (ICD9: 571, ICD10: K70, K72.1, K74, K76.1.9).
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Fig. 1. Distribution of smoothed Standardized Mortality Ratios (sSMR) of respiratory diseases for men and women (Valencia) and prostate cancer for men and breast cancer

for women (Bilbao) and of the index of deprivation in septiles. Green areas represent low sSMR and low socioeconomic deprivation. Brown areas represent high sSMR and

high socioeconomic deprivation.

Table 3
Association between mortality and the socioeconomic deprivation index. RR comparing 95th to 5th percentile of the deprivation index. Men, 11 cities in Spain, 1996–2003.

Men Alicante Barcelona Bilbao Castellón Córdoba Madrid

RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

Lung cancer 1.85 1.40–2.40 1.90 1.68–2.14 1.76 1.42–2.14 0.98 0.68–1.38 1.36 1.00–1.83 1.91 1.73–2.10

Prostatic cancer 0.64 0.37–1.04 0.97 0.81–1.15 1.07 0.72–1.55 1.12 0.58–1.89 0.78 0.41–1.32 0.93 0.81–1.07

Diabetes 1.11 0.58–1.96 1.34 1.10–1.63 1.09 0.62–1.78 1.14 0.49–2.18 1.26 0.71–2.04 1.44 1.15–1.79

Mental diseases 1.21 0.64–2.09 1.39 1.09–1.72 1.15 0.66–1.84 1.15 0.37–2.62 1.14 0.52–2.14 1.35 1.11–1.63

Alzheimer 1.00 0.42–1.90 1.05 0.77–1.38 1.05 0.55–1.87 0.84 0.22–2.07 1.03 0.28–2.71 1.22 0.88–1.63

Ischemic heart disease 1.52 1.18–1.98 1.29 1.15–1.44 1.38 1.09–1.74 0.90 0.63–1.24 1.08 0.79–1.45 1.34 1.22–1.45

Cerebrovascular disease 1.59 1.13–2.19 1.28 1.12–1.47 1.02 0.79–1.31 1.27 0.86–1.80 0.94 0.66–1.29 1.29 1.15–1.44

Respiratory disease 2.55 1.77–3.57 2.32 1.97–2.70 2.83 2.19–3.63 1.93 1.28–2.85 1.73 1.18–2.41 2.41 2.13–2.73

Cirrhosis 2.53 1.48–4.09 2.67 2.14–3.25 2.54 1.73–3.58 1.80 0.78–3.67 2.05 1.26–3.18 3.05 2.55–3.58

All cause mortality 1.74 1.45–2.10 1.59 1.50–1.68 1.51 1.36–1.68 1.25 1.05–1.48 1.28 1.01–1.61 1.72 1.64–1.80

Málaga Sevilla Valencia Vigo Zaragoza

RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

Lung cancer 1.79 1.35–2.29 1.88 1.56–2.28 1.52 1.26–1.80 1.05 0.76–1.47 1.47 1.23–1.74

Prostatic cancer 0.90 0.56–1.36 0.87 0.63–1.16 0.97 0.76–1.22 0.80 0.47–1.25 1.03 0.78–1.33

Diabetes 1.50 0.83–2.48 1.45 0.95–2.11 1.44 1.07–1.96 0.82 0.38–1.55 1.32 0.91–1.78

Mental diseases 1.19 0.66–1.99 1.09 0.59–1.86 1.58 1.05–2.22 1.08 0.51–2.03 1.31 0.92–1.81

Alzheimer 0.54 0.20–1.16 0.80 0.40–1.46 0.84 0.51–1.33 1.20 0.36–2.82 1.41 0.91–2.12

Ischemic heart disease 1.36 1.10–1.65 1.37 1.15–1.63 1.35 1.13–1.61 0.74 0.55–0.97 1.16 1.00–1.35

Cerebrovascular disease 1.15 0.93–1.41 1.45 1.17–1.79 1.24 1.02–1.49 1.29 0.86–1.91 1.04 0.86–1.24

Respiratory disease 2.13 1.68–2.67 2.40 1.88–3.09 2.25 1.88–2.67 1.19 0.82–1.71 1.53 1.24–1.88

Cirrhosis 2.28 1.57–3.09 3.79 2.67–5.21 2.11 1.58–2.80 1.37 0.72–2.47 2.53 1.79–3.47

All cause mortality 1.63 1.45–1.83 1.84 1.63–2.07 1.53 1.38–1.70 0.97 0.76–1.20 1.40 1.27–1.53

RR: Relative risk of mortality.

95%CI: credibility interval at 95%.
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Table 4
Association between mortality and the socioeconomic deprivation index. RR comparing 95th to 5th percentile of the deprivation index. Women, 11 cities in Spain,

1996–2003.

Women Alicante Barcelona Bilbao Castellón Córdoba Madrid

RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

Lung cancer 0.47 0.19–1.06 0.82 0.61–1.09 0.55 0.31–0.90 1.04 0.35–2.61 0.35 0.11–0.80 0.75 0.59–0.93

Breast cancer 1.54 1.04–2.15 0.89 0.75–1.07 0.84 0.60–1.14 1.24 0.67–2.28 0.76 0.44–1.18 0.88 0.76–1.01

Diabetes 1.64 0.81–2.97 2.02 1.65–2.39 2.04 1.38–2.90 0.99 0.49–1.81 1.91 1.23–2.78 1.74 1.46–2.06

Mental diseases 1.34 0.79–2.07 1.26 1.04–1.47 1.24 0.89–1.66 1.24 0.52–2.54 0.60 0.31–1.02 1.21 1.02–1.42

Alzheimer 2.10 1.11–3.85 0.85 0.69–1.03 0.55 0.34–0.82 1.03 0.44–2.05 0.70 0.31–1.36 0.70 0.55–0.88

Ischemic heart diseases 1.23 0.96–1.52 1.36 1.20–1.54 1.10 0.84–1.41 0.83 0.54–1.19 1.21 0.85–1.66 1.11 1.01–1.23

Cerebrovascular diseases 1.16 0.88–1.50 1.31 1.20–1.44 1.06 0.86–1.30 0.86 0.57–1.23 0.94 0.68–1.27 1.22 1.11–1.34

Respiratory diseases 1.18 0.58–2.09 1.40 1.09–1.78 1.55 1.03–2.19 1.10 0.50–2.01 1.69 0.97–2.72 1.35 1.09–1.63

Cirrhosis 1.28 0.66–2.26 2.32 1.81–2.93 1.88 1.11–3.01 1.21 0.36–2.95 1.78 0.71–3.67 1.71 1.40–2.07

All cause mortality 1.28 1.09–1.52 1.27 1.19–1.35 1.09 0.96–1.22 1.00 0.82–1.23 1.04 0.82–1.28 1.21 1.14–1.27

Málaga Sevilla Valencia Vigo Zaragoza

RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

Lung cancer 0.43 0.21–0.77 0.60 0.35–0.96 0.64 0.40–0.95 0.51 0.22–1.03 0.86 0.55–1.30

Breast cancer 0.84 0.57–1.18 0.87 0.66–1.08 1.04 0.83–1.28 0.54 0.33–0.83 1.20 0.94–1.52

Diabetes 1.58 1.00–2.34 1.71 1.22–2.32 1.89 1.47–2.35 1.00 0.54–1.70 1.79 1.26–2.48

Mental diseases 1.47 0.95–2.12 0.87 0.53–1.32 1.50 1.19–1.84 0.97 0.53–1.65 1.15 0.86–1.51

Alzheimer 0.36 0.17–0.65 0.72 0.46–1.09 1.06 0.79–1.41 0.89 0.38–1.71 0.80 0.55–1.13

Ischemic heart diseases 1.57 1.26–1.95 1.35 1.13–1.60 1.35 1.16–1.55 0.81 0.57–1.11 1.04 0.84–1.27

Cerebrovascular diseases 1.49 1.21–1.82 1.08 0.88–1.30 1.22 1.01–1.45 0.94 0.64–1.31 1.06 0.89–1.26

Respiratory diseases 1.37 0.84–2.10 1.01 0.62–1.52 1.50 1.09–2.01 0.90 0.41–1.60 1.20 0.79–1.76

Cirrhosis 2.24 1.28–3.50 1.94 1.12–3.08 1.79 1.36–2.33 1.21 0.54–2.31 1.70 1.03–2.67

All cause mortality 1.32 1.16–1.49 1.19 1.08–1.32 1.33 1.22–1.45 0.80 0.63–1.01 1.17 1.07–1.28

RR: Relative risk of mortality.

95%CI: credibility interval at 95%.

Table 5
Number of cases and percentage of excess mortality under the assumption that the socioeconomic deprivation of each area was the same as the average socioeconomic

deprivation of the 10% of areas with the lowest socioeconomic deprivation. Men and women, 11 cities in Spain, 1996–2003.

Cities Men Women

Number 95%CI Percentage 95%CI Number 95%CI Percentage 95%CI

Alicante 2039 1394–2720 21.21 14.67–27.83 815 255–1369 9.86 3.04–16.44

Barcelona 11,963 10,480–13,399 18.54 16.24–20.68 6208 4608–7864 9.46 7.00–11.95

Bilbao 2383 1747–3020 16.24 11.99–20.37 436 �266–1093 3.20 �1.96–7.92

Castellón 544 85–991 10.42 1.67–18.61 �16 �519–458 �0.38 �11.98–10.26

Córdoba 946 �16–1807 10.08 �0.17–19.45 115 �854–973 1.29 �9.73–10.85

Madrid 24,505 22,460–26,549 22.75 20.88–24.60 8430 5862–10,699 8.26 5.76–10.42

Málaga 3164 2410–3900 21.74 16.68–26.51 1745 927–2485 12.68 6.71–18.12

Sevilla 4944 4014–5803 22.26 18.16–26.05 1483 559–2332 6.76 2.58–10.60

Valencia 5526 4276–6851 19.14 14.96–23.60 3471 2349–4527 12.90 8.78–16.85

Vigo �177 �1238–716 �2.24 �15.48–9.03 �957 �2041–77 �12.80 �27.44–1.01

Zaragoza 3608 2621–4570 16.27 11.85–20.36 1562 586–2597 7.62 2.85–12.57

95%CI: credibility interval at 95%.
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socioeconomic deprivation is related to mortality regardless of
the absolute level of deprivation. Note that the percentage of
excess of total number of deaths related with socioeconomic
deprivation was not the same in all cities, being higher in Sevilla,
Madrid and Málaga among men and higher in Málaga and
Valencia among women.

Few studies have analysed socioeconomic inequalities in
mortality in urban areas, the majority of these have found
a relationship with the socioeconomic levels of the areas
(van Lenthe et al., 2005; Stafford et al., 2004) and some of them
have described a geographical pattern (Diez Roux et al., 2007;
Chen et al., 2006). The ecological associations found probably
reflect both the individual socioeconomic position effect as well
as a contextual effect of the area. It is worth mentioning that more
significant associations have been found in the largest cities,
something that may be related with two aspects. First, the
existence of larger socioeconomic inequalities in these cities,
Please cite this article as: Borrell, C., et al., Inequalities in mortality
project). Health & Place (2010), doi:10.1016/j.healthplace.2010.03.0
concentrating areas with high deprivation and worse health
outcomes. Second, with more observed deaths and census tracts,
there is greater statistical power in these cities; in this sense, the
lack of significant results in smaller cities does not necessarily
mean that in those cities the effect of deprivation on mortality is
negligible, since it could simply be due to a lack of statistical
power in those smaller cities.

During the last decade Spain has experienced an increase in
immigrants from low income countries who find work in poorly
paid occupations. There is substantial evidence indicating that
poorly paid immigrants in wealthy countries are assigned jobs
that put them at higher risk of ill health than natives, as they
are often channelled into informal or precarious employment
with greater hazardous exposures (Puigpinos, 2008). However,
in the years studied (1996–2003) there were few deaths
among immigrants, mainly because they tend to be younger
people.
in small areas of eleven Spanish cities (the multicenter MEDEA
02
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Workplace hazards also raise the possibility of confounding as
persons exposed to high risk at work would be more likely to live
in deprived neighbourhoods (Muntaner et al., 2004). Unfortu-
nately we did not have data on workplace exposures to determine
the relative contributions to mortality of workplace and place of
residence. However, area analyses allow us to isolate the
populations at risk even if part of the exposures occurs in
workplaces located outside the geographical areas studied.

The majority of specific causes that were associated with the
socioeconomic deprivation index were related to smoking or
alcohol consumption, as has been described for other Spanish
studies analysing inequalities between cities (Benach et al., 2001).
Smoking-related causes of death among men were lung cancer,
ischemic heart diseases and respiratory diseases, whereas among
women lung cancer was the only smoking related cause and
presented an inverse association (the higher the deprivation, the
lower the mortality). This pattern could be explained by the fact
that in Spain in the 90s tobacco consumption was higher among
men of the more deprived social classes, and among women of the
more advantaged classes (Daponte-Codina et al., 2009). In this
sense, the pattern of tobacco consumption in Spain, as in other
Southern European countries, is in an earlier phase of the smoking
epidemic than in Northern European countries, being women of
privileged social class who smoke more, a situation that began to
change after 2000 (Giskes et al., 2005). These gender differences
in smoking patterns are probably also related with the higher
excess not only of total mortality but also for the majority of
specific causes of death (except for diabetes) for men compared to
women. The same pattern has been described in other studies
that compared socioeconomic inequalities among men and
women of different countries (Mackenbach et al., 1999).

Alcohol consumption is related to cirrhosis mortality. It is
possible that areas with higher deprivation are areas where
marginalisation and social exclusion exist and specific causes of
death such as cirrhosis, AIDS or drug overdose are concentrated
(Shaw et al., 1999; Stimpson et al., 2007). The cross-sectional design
of our study cannot discard residential mobility (people with heavy
alcohol consumption moving to deprived areas). However, this study
has found that deprived areas of the cities have excess mortality for
many specific causes of death and not only of causes of death more
related with marginalisation and extreme poverty.

Diabetes mellitus mortality had a strong relationship with the
deprivation index, particularly for women. These findings are in
agreement with other studies which have investigated socio-
economic inequalities in diabetes mortality through individual-
based analyses and found that the people with higher risk of dying
from diabetes are the ones with lower socioeconomic position
(Espelt et al., 2008). Inequalities in diabetes mortality may be related
with inequalities in diabetes incidence mainly due to inequalities in
risk factors of having diabetes such as obesity and also to
inequalities in survival of diabetic patients. In the case of men, in
many cities there is no relationship between diabetes mortality and
the deprivation index. This different pattern by gender could be
explained by the larger socioeconomic inequalities in obesity among
women (Cavelarrs et al., 1997; Roskam et al., 2010).

Cigarette smoking, alcohol consumption and poor diet are
socially approved individual ways to cope with, and temporarily
escape, from adverse living conditions. Therefore, these unhealthy
behaviours have to be understood in the context of the constraints
of poor material conditions of everyday life, and limited access to
the fundamental determinants of health (Benach et al., 2001;
Shaw et al., 1999; Wallace et al., 2003).

Other specific causes of death were not consistently associated
with the socioeconomic deprivation index. However, it is
important to highlight the case of breast cancer, where individual
positive relationships are described in the literature: the higher
Please cite this article as: Borrell, C., et al., Inequalities in mortality
project). Health & Place (2010), doi:10.1016/j.healthplace.2010.03.0
the socioeconomic position, the higher the mortality (Strand et al.,
2007). In our case, the RRs were around 1 in the majority of cities,
indicating no relationship. Similar changes in patterns of breast
cancer mortality and incidence by educational level have been
observed in Barcelona (Spain) (Puigpinos et al., 2009), New
Zealand (Sarfati et al., 2006) and France (Menvielle et al., 2005).
A study that analysed inequalities in breast cancer mortality
among women in Spanish municipalities found a positive
association with the socioeconomic level of the area only among
women older than 50 years (Pollan et al., 2007).

4.3. Limitations

One limitation of this study is the change of coding, from the
9th to the 10th revision of the ICD, in 1999. A prior study at
national level which analysed agreement between ICD-9 and ICD-
10 for the leading causes of death found that differences between
classifications were only minor (under 3%) (Cano-Serral et al.,
2006). Another limitation is that we have analysed cities, not
including the metropolitan areas around them.

4.4. Conclusion and recommendations

This study found a spatial patterning of inequalities in total
mortality and mortality by specific causes of death in 11 Spanish
cities at the turn of the 21st century. This pattern was related with
socioeconomic deprivation in the cities. Future studies will be
needed to investigate other specific causes of death and also if the
pattern changes by age group. Moreover, we plan to conduct a
pooled analysis of all cities in order to analyse the joint smoothing
of all the cities, and for every cause of death, in a single model.

The results of this study highlight the importance of intra-urban
inequalities in health, a circumstance that policy makers must
acknowledge in city health intervention plans in order to appro-
priately invest resources to tackle these geographical inequalities.
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