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Abstract

Background

Socioeconomic inequalities are increasingly recognised as an important public-health
issue, although their role in the leading causes of mortality in urban areas in Europe
has not been fully evaluated. In this study, we used data from the INEQ-CITIES study
to analyse inequalities in cause-specific mortality in fifteen European cities at the
beginning of the 21% century.

Methods

A cross-sectional ecological study was carried out to analyse 9 of the leading specific
causes of death in small areas from 15 European cities. Using a hierarchical Bayesian
spatial models, we estimated smoothed Standardized Mortality Ratios, relative risks
and 95% credible intervals for cause-specific mortality in relation to a socioeconomic
deprivation index, separately for men and women.

Results

We detected spatial socioeconomic inequalities for most causes of mortality studied,
although these inequalities differed markedly between cities, being more pronounced in
Northern and Central-Eastern Europe. In the majority of cities, most of these causes of
death were positively associated with deprivation among men, with the exception of
prostatic cancer. Among women, diabetes, ischemic heart disease, chronic liver
diseases, and respiratory diseases were also positively associated with deprivation in
most cities. Lung cancer mortality was positively associated with deprivation in
Northern European cities and in Kosice, but this association was non-existent or even
negative in Southern European cities. Finally, breast cancer risk was inversely
associated with deprivation in three Southern European cities.

Conclusions

The results confirm the existence of socioeconomic inequalities in many of the main
causes of mortality, and reveal variations in their magnitude between different
European cities.

Funding
Executive Agency for Health and Consumers (European Commission), project no.
2008-12-13.

Introduction

Over the past few decades, the world’s population has undergone rapid urbanisation,
which first started, and continues to occur, in today’s most developed regions. The
United Nations’ Department of Economic and Social Affairs indicates that 51.3% of the
European population lived in urban areas in 1940, increasing to 72.9% in 2011. This
percentage is projected to rise to 82.2% by 2050, representing some 591 million
people.[1]

Given the growth in the urban population, public health challenges are increasingly
concentrated in urban areas and policies must be adapted to this context. An important
challenge for health policymaking posed by urbanisation is to reduce health inequalities
within and between cities. Studies of health inequalities in the urban context allow us to
identify the factors and processes (determinants) that drive inequalities, how these
determinants contribute to inequalities, and how do they differ between cities or
between urban and rural areas.[2] These elements are critical for tailoring policies to
reduce health inequalities.

One of the most commonly used indicators to study socioeconomic inequalities in
health is mortality. A number of recent studies have reported socioeconomic



inequalities in mortality at individual level in various European countries.[3-9]
Moreover, it has been shown that the magnitude of these inequalities differs
substantially between countries, and a spatial pattern in some of the specific causes of
mortality has been proposed. In general, inequalities are most subtle in Southern
European countries and more marked in some Eastern and Northern European
countries. For example, important socioeconomic inequalities in lung cancer mortality
have been detected in Europe, with much higher rates among the most poorly
educated men and women from some Eastern and Northern European countries,
respectively. [5,9] Another clear example is that of mortality from ischemic heart
disease, where various studies (not including Eastern European countries) have found
greater socioeconomic differences in Northern compared to Southern European
countries.[4,6,7,10]

However, these studies analysed the entire population of the target country, precluding
an evaluation of intra- and inter-urban inequalities, such that their results may not be
informative for national or municipal policymaking.[11] Moreover, while contextual (area
level) factors are increasingly considered as important health determinants, previous
studies have generally focused on individual factors. Thus, studying socioeconomic
inequalities in health by analysing small areas in an urban context is a useful approach.

While previous studies have analysed area-level socioeconomic inequalities in
mortality in urban areas in one country,[12,13] the “Socioeconomic inequalities in
mortality: evidence and policies in cities of Europe” (INEQ-CITIES) project provides an
excellent opportunity to study and compare these inequalities in urban areas across
Europe.[14] In fact, recently an article has been published studying socioeconomic
inequalities in total mortality,[15] but more in-depth study by the main causes of
mortality is needed. Therefore, the objective of this study was to analyze spatial
socioeconomic inequalities in cause-specific mortality in fifteen large European cities,
stratified by sex, at the beginning of the 21 century.

Methods

Study design and unit of analysis

We performed a cross-sectional ecological study as part of the INEQ-CITIES
project.[14] The units of analysis were small areas (census tracts, parish areas,
neigbourhoods or districts; Table 1) in 15 cities and metropolitan areas of several
European countries: Helsinki (Finland) and Stockholm (Sweden) in Northern Europe;
Budapest (Hungary), Kosice and Bratislava (Slovak Republic), and Prague (Czech
Republic) in the Central-Eastern Europe; London (UK), Amsterdam and Rotterdam (the
Netherlands), Zurich (Switzerland) and Brussels (Belgium) in Western Europe; Turin
(Italy), Madrid and Barcelona (Spain), and Lisbon Metropolitan Area (hereafter called
Lisbon) (Portugal) in Southern Europe. The selection of these cities was based on the
availability of data through INEQ-CITIES partners. It should be noted that although
Paris has been part of the INEQ-CITIES project, it could not be included in this analysis
because cause-specific mortality data were not available.

Study population, mortality and information sources

The study population consisted of individuals of all ages resident in the 15 cities. The
majority of cities had mortality data for the years 2000-2008 (Table 2) and
socioeconomic indicators for 2001. Sex-stratified mortality data and small area were
obtained from national mortality registers, and population data stratified by age (five-
year groups), sex and small area were obtained from census data or municipal
registers in each city. Socio-economic indicators were also obtained from census data
in most cities. Additional information is available in the online atlas.[16]



We analysed nine specific individual diseases (see Table 2 for ICD codes), selected as
the principal specific causes of death within each of a series of broad disease groups.
Thus, diseases of the circulatory system were represented by (i) ischemic heart
disease and (ii) cerebrovascular disease; neoplasms were represented by (iii) lung, (iv)
prostatic (in men), and (v) breast (in women) cancer; disease of the respiratory system
were represented by (vi) respiratory diseases and (vii) influenza and pneumonia;
diseases of the digestive system were represented by (viii) chronic liver disease; and
finally endocrine, nutritional and metabolic diseases were represented by (ix) diabetes.
Note that these are not the nine principal causes of death, but rather the principle
causes of death in Europe within each of these disease groups.

Socioeconomic deprivation

We included as an explanatory variable an index of socioeconomic deprivation
calculated for each city using a method based on P,-Distance (DP;),[17], which
generates an index that is comparable between cities, and which comprises the
following indicators: unemployment rate (percentage of unemployed in the active
population); percentage of manual workers in the working population; percentage of
individuals aged 25-64 years with primary or lower level of education; percentage of
individuals aged 25-34 years with university education; and the percentage of
foreigners from low income countries. Higher values of the index indicate higher levels
of deprivation. Note that educational level was assigned according to the International
Standard Classification of Education (ISCED): individuals with an ISCED value of 0, 1
or 2 in Helsinki and Budapest, or of 0 or 1 in all other cities were designated as having
primary education or lower. Although the INEQ-CITIES project collected information on
other socioeconomic indicators, the socioeconomic indicators that were used to create
this index were the most comparable indicators across the cities. More information
about the process of constructing this index can be found at Hoffmann R. et al. [18]

Data analysis

We calculated Indirectly Standardized Mortality Rates (ISMR) for each city, taking
mortality rates of the European Union (25 countries) for the year 2004 as the reference,
and stratified by age (in 5 year groups) and cause of death (according to the World
Health Organization).[19]

The mortality indicator used for this analysis was the Standardized Mortality Ratio
(SMR). The SMR is dependent on population size since its variance is inversely
proportional to the expected values, such that areas with low population tend to have
estimates with high variance. In order to smooth the SMR, we used the hierarchical
Bayesian model proposed by Besag, York and Mollié (BYM).[20] This model takes two
types of random effects into account, spatial and heterogeneous, the former accounting
for the spatial structure of the data, and the latter dealing with non-structural (non-
spatial) variability. The smoothed SMR (sSMR) was estimated for each cause of death,
sex and city using the following model:

O, ~ Poisson(E,#,)

Iog(¢9i):05+8i +H, (model 1)
where for each area i, O; is the observed number of cases, E; the expected number of
cases, @4 is the relative risk with respect to the European population, S; is the spatial
effect, and H; is the heterogeneous effect. The expected number of cases in each small
area was calculated by indirect standardization using the same reference rates as for
the ISMR calculation above, but with additional stratification by sex.



The geographical distribution of the SMR calculated using model 1 and the deprivation
index were represented as septile maps (see Figure 1), generated using R.[21]

In order to analyse the relationship between mortality and socioeconomic deprivation,
we fitted an ecological regression model (model 2) including the deprivation index (X;)
as an explanatory variable:

O, ~ Poisson(E,6,)

00(8)= -+ /%, +5, + H, (model2),

where e# denotes the relative risk (RR) associated with the deprivation index.

In both of these models (model 1 and model 2), an intrinsic conditional autoregressive
prior distribution (ICAR)[20] was assigned to the spatial effect, which assumes that the
expected value of each area coincides with the mean of the spatial effect of the

adjacent areas and has variance of af, while the heterogeneous effect was

represented using independent normal distributions with mean of 0 and variance of
aﬁ . A half-normal distribution with mean of 0 and precision of 0.0001 was assignhed to

the standard deviations o and o .[22] A normal vague prior distribution was assigned
to the parameters  and f3.

Relative risk (RR) estimates were based on their posterior means and 95% credible
intervals (95%CI). A RR would be considered significantly higher or lower than 1 if its
95%CIl does not include the 1. Posterior distributions were obtained using the
“Integrated nested Laplace approximation” (INLA) method, implemented in the R INLA
library (version 3.0.1).[23,24] This method provides reliable estimates of the posterior
distributions, while avoiding the problems and computing time required for Monte Carlo
methods.

Analyses were performed for each cause of death and city, and stratified by sex in
order to control for possible interactions between socio-economic deprivation and sex.

Results

The number of small areas, total population and the distribution of the population by
small area in each city and for each sex are shown in Table 1. The number of small
areas per city varies from 17 in Bratislava to 2666 in Turin, and the median population
size per small area ranges from 274 in Turin to 76,970 in Budapest. Table 1 also
shows descriptive statistics of the socioeconomic deprivation index, which varied from
a median of 3.2 in Stockholm to 7.8 in Madrid. Table 2 shows the number of deaths
and ISMR in each city, stratified by sex and cause of death. In the majority of cities, the
most common cause of death in both sexes was ischemic heart disease, followed by
cerebrovascular disease and, in men, lung cancer.

Maps of the geographical distributions of mortality and deprivation in Helsinki, Prague,
London and Madrid are shown in Figure 1; similar maps for the other causes of death,
cities and sexes are available via the online INEQ-CITIES atlas.[16] Moreover, this
atlas also contains complementary maps showing the probability of excess risk
(sSMR>100), which should also be taken into account when evaluating the statistical
evidence provided by estimates of SSMR in each small area. For example, this figure
suggests that the spatial pattern of the deprivation index in Helsinki is similar to that of
mortality due to diabetes, and likewise for ischemic heart disease in London.
Interestingly, the spatial pattern of the deprivation index in Madrid is similar to that of



mortality due to lung cancer among men, but this relationship is reversed among
women. Finally, the pattern of mortality due to chronic liver diseases does not appear
to be related to that of the deprivation index in Prague.

The results of the analysis of association between the deprivation index and the
specific causes of death in men are shown in Figure 2. In general, we observed a
positive association between the deprivation index and cause-specific mortality in most
cities, i.e. most RRs are significantly higher than 1. The highest RRs were observed for
chronic liver disease and respiratory disease. Conversely, prostatic cancer was
generally not associated with deprivation, with the exception of the inverse relationship
observed in Madrid (RR = 0.984; 95% CI: 0.969-0.998). In general, mortality was most
significantly associated with deprivation in Northern and Central-Eastern European
cities.

The results of the analysis of association between the deprivation index and specific
causes of death in women are shown in Figure 3. Diabetes, ischemic heart disease,
chronic liver diseases, and respiratory diseases were significantly associated with
deprivation in most cities, with the highest RRs in chronic liver disease and diabetes.
Moreover, as in men, the strongest significant positive associations with deprivation
were observed in Northern and Central-Eastern European cities. While lung cancer
mortality was significantly inversely associated with deprivation in two southern cities,
Lisbon and Madrid, it was significantly directly associated with deprivation in most other
cities, with the highest RRs in Helsinki, Stockholm and Kosice. Breast cancer was
inversely associated with deprivation in Madrid, Barcelona and Lisbon, no relationship
was observed in the remaining cities, except in Budapest where we found a positive
association. Influenza and pneumonia were inversely associated with deprivation in
Madrid, and directly associated with deprivation in London, Rotterdam and Kosice.

Discussion

In this study, we report clear evidence of area level socioeconomic inequalities in most
of the leading specific causes of mortality, although these inequalities differ between
European cities, and are more pronounced in Northern and Central-Eastern Europe.
Among men, the majority of specific causes of death were directly associated with
deprivation in most cities, with the exception of prostatic cancer. Among women,
diabetes, ischemic heart disease, chronic liver diseases, and respiratory diseases were
directly associated with deprivation in most cities. Lung cancer mortality was directly
associated with deprivation in northern cities and in Kosice, but this association was
non-existent or even inverse in southern cities. Finally, breast cancer mortality was
inversely associated with deprivation in three southern cities.

Our findings on socioeconomic inequalities in mortality at area level in an urban context
go in the same direction as those of other studies on socioeconomic inequalities in
mortality that have analysed individual level data from various European countries.[5—
8,10,25,26] In these studies, socioeconomic inequalities in mortality were proposed to
be principally attributable to inequalities in health-related behaviours such as smoking,
alcohol consumption, dietary habits, and sedentarism. Moreover, it has been
suggested that the spatial patterns of inequalities observed across Europe are partly
due to the timing of the behavioural epidemic in each context, which may also vary
between sexes and social classes.[27] For example, the smoking epidemic is known to
be at a more advanced ‘phase’ in northern compared to southern Europe,[5,10] among
men compared to women, and among advantaged compared to disadvantaged social
classes. Thus, while we have observed clear socioeconomic inequalities in lung cancer
mortality among women in northern cities, these inequalities were non-existent or even
negative in southern cities. Notably, detrimental health behaviours are not only
individual factors but must be considered in the context of the material constraints of



everyday life, and the level of access a person may have to fundamental health
determinants.[13,28]

Breast cancer mortality was inversely associated with deprivation in three Southern
European cities while in other cites no association was found, with the exception of
Budapest, where we have found a positive association. This heterogeneity in the
results between cities is not easy to explain, and there are probably several reasons
partially contributing to this difference in results. First of all, delayed first birth is
associated with increased breast cancer risk, which together with the fact that most
educated women tend to delay birth due to education and occupational commitments,
could explain the inverse association in Southern cities.[9] Smaller differences in
delaying first birth by educational level could partially explain the non-existence of an
association in several other cities.[29,30]. Moreover, there is an increasing evidence
showing that some health related behaviours, such as alcohol intake, increase the risk
of breast cancer and this is more frequent among disadvantaged social classes.[31,32]
The type of breast cancer screening programs could also have a role in the
socioeconomic inequalities in breast cancer mortality.[33] Finally, socioeconomic
inequalities in breast cancer mortality could be explained by different treatments
offered to patients in different socioeconomic groups.[34]

Area of residence can also play an important role in socioeconomic inequalities in
health. Factors such as government institutions (local, regional and national), physical
environment (climate, geography, urban planning and housing, food security and
access to healthy food, etc.), socioeconomic environment (employment and working
conditions, public policies, etc.), settings (where people actively use and shape the
environment) and segregation (separation into groups along axes of inequality, such as
social class or race), and their complex inter-relations, can influence health
inequalities.[2] Moreover, a key element is the fact that people with lower
socioeconomic status are more likely to live in areas where these factors tend to be
more detrimental to health.[27,35] These factors explain a part of socioeconomic
inequality in mortality beyond that explained by individual factors, such as social class
or level of education. Additionally, the effects of these factors on inequalities may differ
between cities, which could explain the variability (and the spatial patterns) in the
inequalities observed between cities.

In general, the association between socioeconomic deprivation and cause-specific
mortality appears to be highest in northern cities (Helsinki and Stockholm), which also
have the lowest levels of deprivation and the most developed welfare systems. This
paradox has been reported previously[36] and we now confirm it in an urban context.
Understanding the basis of this paradox is not trivial and several theories have recently
been proposed. Mackenbach[37] suggests that the most plausible reasons are (1) that
inequalities in access to material and immaterial resources persist; (2) that, due to
upward social mobility in successive generations, the composition of lower
socioeconomic strata has become more homogeneous with regard to individual
characteristics associated with ill-health; and (3) that a change in epidemiological
regime, in which consumption behaviour has become the most important determinant
of ill-health, has increased the marginal benefits of immaterial resources to which with
higher social position gives access.

Limitations and strengths

The main limitation of this study is the comparability of cities in which the numbers and
sizes of the small areas differ markedly.[38] In particular, our analysis may be
susceptible to the so-called Modifiable Areal Unit Problem (MAUP), especially in the
cities with large populations in a small number of areas.[39] The MAUP explain why



some associations are difficult to detect and those detected are more likely to be
underestimated or spurious.[40-42] This problem could be particularly important in
Central-Eastern cities because geographical units are larger than in cities from other
regions and, for this reason, it is difficult to show any substantial difference in patterns
between cities in this and other regions. However, areas were small in most cities,
allowing a high level of spatial disaggregation in the results. Among other advantages,
the small size of these areas allows us to represent our results in high resolution maps
capable of reflecting spatial patterns that would remain hidden if larger areas were
used. Another factor that could affect the comparability is that some cities include
metropolitan areas (e.g. Lisbon, which includes inner city parishes and suburban
areas) while most other cities do not. On the other hand, large advantage of the study
is that substantial effort has been made to collect socioeconomic indicators as similar
between cities as possible in order to ensure maximum comparability of the final
deprivation index. However, the variability in the deprivation index among city areas in
Central-Eastern Europe seem to be smaller than in other cities, which could indicate a
better discriminatory power of the index between areas in the cities of North, South and
West of Europe. In this sense, perhaps using exactly the same definition of the
socioeconomic indicators across cities might also be a limitation. For example, the
discriminatory power of the indicators based on the education level could depend to a
large extend on the age range of compulsory education and how the access of
education has changed through the years in each city. Moreover, other socioeconomic
factors (not included in the index) may be more relevant in terms of discriminatoy
power in the Central-Eastern cities. Another limitation could be that the contextual
effect of the deprivation on mortality is not controlled by relevant individual-level
confounders (as with a multilevel analysis). Therefore, apart from age and sex (the
results are age-standardized and stratified by sex), the contextual effect could be
biased by the existence of other individual-level effects. Finally, the study’s main
strength is that it is the first to include data on specific-cause mortality from fifteen
European cities across Europe, representing heterogeneous socioeconomic and
epidemiological contexts and providing an overall view of the behaviour of these
causes in urban areas. Finally, the completion of the INEQ-CITIES project is an
important achievement in itself, given the difficulty associated with heterogeneity in
data collection systems and setting-specific realities.[43]

This study supports the existence of area-level socioeconomic inequalities in most of
the leading causes of mortality in urban contexts. Moreover, these inequalities often
vary between cities and show a broad spatial trend across Europe. These results
highlight the need to implement effective policies to reduce inequalities. Most
importantly, these policies must be suited to each city’s context, and consider not only
health determinants but also how their influence on health inequalities can vary
between urban areas. Moreover, our results should be transferred to stakeholders
capable of promoting social improvements.[44] Finally, in this study, homogeneous
data collection at small area level for 15 European cities has been a challenge. To
facilitate the development of small area studies in Europe and increase comparability
between studies, it would be useful to define a common European small area to be
time invariant and homogeneous in the number of inhabitants, and various official
records should attempt to provide information at this level of disaggregation. This may
be especially problematic given the differences in personal data confidentiality rules
between countries.

What is already known on this subject:
e In Europe, socioeconomic inequalities in cause-specific mortality at individual
level have been studied, and the majority of studies have focused on
comparisons between countries.



e Previous studies have analyses area-level socioeconomic inequalities in
mortality in urban areas in one country.

What this study adds:

This is the first study to include data on specific cause mortality form fifteen
European cities across Europe, representing heterogeneous socioeconomic and
epidemiological contexts and providing an overall view of the behaviour of these
causes in urban areas.

There are spatial socioeconomic inequalities for most causes of mortality studied,
although these inequalities differed markedly between cities, being more
pronounced in Northern and Central-Eastern Europe.

This type of analysis allows detection of geographical patterns and of areas with
higher mortality risk and worse socioeconomic indicators which are susceptible to
specific interventions.

Figure 1: Distribution of Smoothed Standardized Mortality Ratios (sSMR) for men and
women of diabetes (Helsinki), chronic liver disease (Prague), ischemic heart disease
(London) and lung cancer (Madrid), and of the index of deprivation in septiles. Dark
grey areas are those with high sSMR and high socioeconomic deprivation.

Figure 2: Association between mortality and socioeconomic deprivation. Relative Risk
(RR) and 95% credible interval (95%CIl). Men.

Figure 3: Association between mortality and socioeconomic deprivation. Relative Risk
(RR) and 95% credible interval (95%CI). Women.
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Figure 2:

Ischemic heart disease

RR 95%CI
NORTHERN
Helsinki 1.153 (1.108-1.198)
Stockholm 1234 (1.200-1.269)
CENTRAL-EASTERN

1248 (0997-1541)
Bratislava 1,027 (0.919-1.150)
Kosice 1.052 (0.997-1.110)
Budapest 1.148(1.109-1.188)
WESTERN
Brussels

Prague

1,023 (1.000-1.046)
1.035 (1.014-1.057)

Rotterdam 1,048 (1.030-1.065)
London 1061 (1,052-1.070)
Zurich 1,017 (0.984-1.050)
SOUTHERN
Turin 1.070 (1.054-1.086)
Lisbon 1,024 (0.989-1.060)
Barcelona 1,037 (1.024-1.051)
Madrid 1,019 (1.009-1.030)
08 10 14
RR 95%C1
Cerebrovascular disease
RR 85%C1
- NORTHERN
I Helsinki 1.108 (1.055-1.163)
- Stockhoim 1,115 (1.073-1.158)
I CENTRAL-EASTERN
- Prague 1,184 (0.823-1 646)
I Bratisiava 1.340 (1.044-1.700)
I Kosice 0.987 (0.888-1.074)
- Budapest 1,115 (1.064-1.168)
- WESTERN
I Brusseis 1,035 (1.014-1.056)
I Amsterdam  1.036 (1.016-1.058)
- Rotterdam 1,051 (1.031-1.069)
- London 1,045 (1.032-1.058)
I Zurich 1,010 (0.957-1.064)
- SOUTHERN
I Turin 1028 (1.009-1.047)
I Lisbon 1,099 (1.064-1.134)
I Barceiona 1029 (1.012-1.045)
L Madrid 1,015 (1.002-1.029)
08 10 14
RR 95%C1

Figure 3:

Ischemic heart disease
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08 10 14
RR95%C!
Prostatic cancer
D RR 95%CI
Rttt ettt [ NORTHERN
- I Helsinki 1.030 (0.969-1.096)
|- Stockhoim 1,018 (0.983-1.052)
CENTRAL-EASTERN
Prague 1132 (0.741-1656)
Bratisiava 1.012(0.857-1.183)
Kosice 0919 (0.739-1.072)
Budapest 1,036 (0.993-1.080)
WESTERN
Brussels 0975 (0.942-1.008)
Amstordam 1,001 (0.976-1.027)
Rotterdam 1,020 (0.999-1.042)
London 1,006 (0.992-1.020)
2Zurich 0981(0935-1.028)
SOUTHERN
Turin 0.980 (0.953-1.007)
Lisbon 0984 (0.951-1.019)
Barcelona 0,986 (0.965-1.006)
Madrid 0983 (0.966-0.998)
08 10 14
RR95%CI
Lung cancer
RR 95%CI
NORTHERN
Helsinki 1132 (1,064-1.200)
Stockholm 1167 (1.118-1.218)
CENTRAL-EASTERN
Prague 0876 (0579-1.281)
Bratislava 0841(0715-0981)
Kosice 1.152 (1.070-1.226)
Budapest 1.083 (1.037-1.152)
WESTERN
Brussels 1.006 (0.977-1.034)
Amsterdam  1.040 (1.013-1.068)
Rotterdam 1,085 (1.058-1.111)
London 1,043 (1.026-1.059)
Zurich 1,013 (0.963-1.064)
SOUTHERN
Turin 0998 (0.972-1.024)
Lisbon 0900 (0.854-0.949)
Barcelona 0970 (0.940-1.000)
Madrid 0949 (0.928-0971)
08 10 14
RR 95%C!
Breast Cancer
i RR 95%CI
-3 NORTHERN
L] |- Helsinki 0.988 (0,941-1.036)
Jl | Stockholm 0972 (0.934-1.012)
Bt o r bt |- CENTRAL-EASTERN
——e—L Frague 1209 (0828-1
.l I eratisiava 0928 (0820-1.045)
e I Kosice 1.051 (0.967-1.127)
. - Budapest 1,035 (1.005-1.067)
B I wesTern
L} - Brussels 1,000 (0.976-1.024)
. |- Amstordam  0.998 (0.879-1.016)
] | Rotterdam 1,008 (0.989-1.027)
. [~ London 0,990 (0.980-1.000)
£l [~ Zurich 0,993 (0.946-1.039)
-----: ----- |- SOUTHERN
L] I Tunn 0.985 (0.964-1.006)
o [ Lisbon 0.962 (0.932-0.993)
4 |- Barceiona 0978 (0.960-0.997)
- I Madrid 0976 (0,963-0.989)
AT
08 10 14
RR95%CI

Respiratory diseases
RR 95%C1
NORTHERN
Helsinki 1290 (1.186-1.404)
Stockholm 1262 (1.195-1.332)

CENTRAL-EASTERN
1495 (0.922-2.265)
1510 (1.218-1.840)
1173 (1.000-1.248)
1185 (1,106-1.273)

1,075 (1.048-1.101)
1.039 (1.010-1.070)
1.075 (1.051-1.099)
1.105 (1.087-1.124)
1.114 (1.049-1.187)

: . 1.091 (1.065-1.118)
o 1.108 (1.062-1.154)
: . 1.110 (1,080-1.129)
. I Madrid 1093 (1.077-1.110)
=Tt TrT
08 10 14
RR 95%C
Influenza and Pneumonia
RR 95%C1
NORTHERN
Helsinki 1131 (1.020-1.248)
Stockholm 1.130 (1.084-1.199)
CENTRAL-EASTERN
Prague 1,502 (0.801-2.471)
Bratisiava 1225 (0.970-1526)
Kosice 1.109 (1.054-1.160)
Budapest 1.119 (1.020-1.228)
WESTERN
Brussels 1.025 (0.994-1054)
Amsterdam 1033 (1.011-1.056)
Rotterdam 1,033 (1.008-1.056)
London 1032 (1.016-1.047)
Zurich 1.011(0.942-1.083)
SOUTHERN
Turin 1,029 (0.999-1.059)
Lisbon 1.047 (1.007-1.089)
Barcelona 1.060 (1.026-1.093)
Madrid 1,024 (1.007-1.040)
08 10 14
RR 95%Cl
Respiratory diseases
RR 95%C1
NORTHERN
| -8~ - Helsinki 1224 (1.122-1.343)

! v [ Stockhoim 1181 (1.124-1.241)
CENTRAL-EASTERN

0,649 (0.298-1.193)
1058 (0.790-1.375)
1.273(1.186-1.351)
1054 (0.992-1.119)
1,053 (1.025-1.081)
1.056 (1.024-1.089)

e 1,125 (1.096-1.153)
. 1.086 (1.067-1.106)
- 1.023 (0.950-1.102)
oot —: ————— [ SOUTHERN
- I Turin 1.045 (1.015-1.075)
-~ [ Lisbon 1.035 (0.9%0-1.082)
P |- Barcelona 1,035 (1.004-1.066)
L] I Madrid 0981 (0.955-1.007)
U
08 10 14
RR 95%Cl
Influenza and Pneumonia
; RR 95%C1
===~~~ NORTHERN
Helsinki 1100 (0.988-1222)
Stockholm 1,038 (0.970-1.110)
CENTRAL-EASTERN
Prague 0.766 (0.348-1.436)
Bratisiava 1099 (0.853-1.348)
Kosice 1.136 (1.040-1236)
Budapest 1,032 (0.925-1.148)
Brussels 1,030 (0.997-1.063)
Amsterdam  1.010 (0.988-1.032)
Rotterdam 1.051 (1.026-1.075)
London 1021 (1.004-1.038)
Zurich 0959 (0,883-1.039)
SOUTHERN
Turin 1.020 (0.988-1.054)
Lisbon 1.022 (0.989-1.054)
Barcelona 0,980 (0.946-1.015)
Madrid 0972 (0.955-0988)

RR 95%C|

10

Chronic liver diseases

RR 95%C1
NORTHERN
Helsinki 1248 (1.156-1.345)
Stockholm 1406 (1.298-1.521)
CENTRAL-EASTERN
Prague 1356 (0.702-2.308)
Bratislava 1227 (0.982-1555)
Kosice 1018 (0917-1.105)
Budapest 1243 (1.198-1.290)
WESTERN
Brussels 1014 (0.979-1.050)
Amsterdam 1,047 (1.005-1.094)
Rotterdam 1083 (1.045-1.121)
London 1115 (1.091-1.140)
2Zurich 1128 (1.048-1.212)
SOUTHERN
Turin 1.147 (1.116-1.178)
Lisbon 1,185 (1.122-1.251)
Barcelona 1123 (1.090-1.157)
Madrid 1.154 (1.124-1.185)
Diabetes
RR 95%CI

NORTHERN

| —8~ | Helsinki 1231 (1.117-1.362)

| *® | Stcknom 1235 (1.165-1310)
CENTRAL-EASTERN

I ——— Prague 2391 (1.065-4 619)

0.993 (0.779-1.239)
1.070 (0.960-1.168)
1.079 (0.988-1.175)

1.081 (1.038-1125)
1.069 (1.032-1.107)
1.130 (1.102-1.157)
1.083 (1.067-1.109)
1.083 (1.003-1.166)

1.071(1.035-1.108)
1,083 (1.050-1.137)
1036 (1.015-1.058)
1038 (1.010-1.068)

08 10 14
RR 95%CI

Chronic liver diseases

RR 95%C1
Helsinki 1237 (1.148-1.335)
Stockholm 1293 (1.168-1.430)
CENTRAL-EASTERN
Prague 1335 (0.675-2.366)
Bratislava 1052 (0.892-1.229)
Kosice 1.028 (0.904-1.138)
Budapest 1186 (1.134-1.239)
WESTERN
Brussels 1,045 (0.994-1.096)
Amsterdam  1.024 (0.973-1.078)
Rotterdam 1.103 (1.045-1.159)
London 1072 (1.044-1.101)
2Zurich 1.131(1.035-1.233)
SOUTHERN
Turin 1.083 (1.049-1.118)
Lisbon 1216 (1.132-1.306)
Barcelona 1096 (1.066-1.127)
Madrid 1.067 (1.036-1.098)
08 10 14
RR 95%CI
Diabetes
RR 95%CI
- NORTHERN
| —8— | Helsinki 1233 (1.086-1.396)
| | Stocknom 1275 (1.194-1.357)
CENTRAL-EASTERN
————— & Prague 1510 (0.7202.783)
—e— |- Bratsiava 1184 (0.962-1.435)
—— I~ Kosice 1.059 (0.902-1.199)

1.154 (1.043-1279)

o I Brussels 1102 (1.048-1.158)
'e - Amsterdam 1.107 (1.076-1.139)
. I Rotterdam 1431 (1.102-1.161)
(K4 [~ London 1.124 (1.094-1.153)
>Ib< - Zurich 1.033 (0.944-1.126)
e - Tunn 1086 (1.056-1.116)
|- I Lisbon 1.168 (1.125-1212)
|e I Barcelona 1,084 (1.063-1.104)
. - Madrid 1044 (1.020-1.066)
S L U
08 10 14
RR 95%CI



Table 1: Number of small areas, population year, total population and its distribution across areas, and the socioeconomic deprivation index in each city.

Socioeconomic

Deprivation
Total Population* Index
European Region City N. of areas Type of area  Year Total Pos Pso Ps Ps Psg Prs
Northern Helsinki 94 Census tract 2004 542,701 2962 4962 7965 3.58 455 5.31
Stockholm 1172 Census tract 2004 1,864,359 487 1202 2193 259 3.20 4.09
Central-Eastern Prague 57 Neighbourhood 2004 1,170,571 1768 3197 27,210 4.25 4.37 4.54
Bratislava 17 Neighbourhood 2004 425,156 2354 18,720 34,590 3.94 4.52 4.85
Kosice 22 Neighbourhood 2004 235,241 1238 3373 22,700 5.71 6.51 7.68
Budapest 23 District 2004 1,705,309 58,390 76,970 91,100 5.48 6.41 6.97
Western Brussels 118 Census tract 2001 970,037 5767 7779 10,620 551 7.13 9.29
Amsterdam 94 Census tract 2001 738,325 3518 7582 11,510 4.26 6.45 8.79
Rotterdam 88 Census tract 2001 600,022 867 6595 10,540 4.90 6.71 9.24
London 633 Census tract 2001 7,172,031 10,070 11,330 12,760 6.26 7.80 9.68
Zurich 212 Census tract 2004 364,977 959 1618 2288 4.49 6.16 7.52
Southern Turin 2666 Census tract 2004 892,157 184 274 413 502 6.58 7.84
Lisbon 207 Parish 2001 2,661,850 4123 9738 17,620 4.89 5.76 6.41
Barcelona 1491 Census tract 2004 1,588,404 788 974 1225 5.61 6.99 8.75
Madrid 2358 Census tract 2005 3,149,615 996 1239 1524 556 7.83 9.75

*The population for one year within the study period is provided for descriptive purposes only.
P,s=25th percentile

Ps,=50th percentile (median)

P;s=75th percentile
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Table 2: Number of deaths (n) and indirectly age-standardized mortality rate (ISMR) per 100,000 inhabitants, stratified by cause of death and sex.

Prostatic
Ischemic Cerebrovascul cancer Respirator Influenza Chronic
European City Period heart ar Lung / Breast y and liver
Region diseases diseases cancer cancer diseases Pneumonia diseases Diabetes
ISM ISM ISM
n ISMR n ISMR n ISMR n ISMR n R n R n ISMR n R
Men
2000- 303.8 46.4 42.4 14.8
Northern Helsinki 2009 4931 2 1512 97.56 1363 69.43 691 43.79 735 6 640 9 950 42.77 240 6
Stockhol  2000- 1177 205.9 32.4 27.4 107 18.9
m 2007 2 9 4499 79.80 2773 45.76 3204 57.71 1816 3 1572 2 761 1157 5 5
Central- 2003- 285.3 36.4 43.8 11.8
Eastern Prague 2007 6113 6 2804 136.70 2368 91.69 967 45.00 777 6 839 7 659 23.81 254 5
2000- 437.5 21.2 62.0 18.0
Bratislava 2008 4833 3 876 83.56 1117 81.27 439 40.76 229 3 616 3 665 41.86 198 1
2000- 530.6 32.0 88.0 32.8
Kosice 2008 2568 8 603 134.72 593 90.64 173 37.35 149 6 3714 1 343 43.42 158 7
2001- 2068 397.3 133.1 49.7 10.3 152 29.2
Budapest 2008 7 7 7778 153.18 7756 4 1911 36.76 2580 9 507 1 4371 71.98 2 3
2001- 126.7 57.0 44.3 125
Western Brussels 2004 1784 7 866 62.32 1131 75.61 399 28.44 800 6 612 O 250 15.83 177 6
Amsterda 1996- 173.4 111.6 78.1 58.0 102 37.7
m 2008 4733 O 2498 9442 3491 1 1336 50.75 2075 3 1533 4 445 12.04 6 6
Rotterda  1996- 180.8 122.1 85.4 60.9 34.2
m 2008 4836 0 2471 9420 3570 2 1343 50.81 2262 5 1588 5 326 10.30 917 9
2000- 4690 234.3 1724 1319 66.7 1516 76.9 283 14.1
London 2008 3 9 17654 89.92 2 78.99 8007 40.63 9 9 7 4 4339 18.19 3 6
2000- 171.3 30.8 17.0 22.1
Zurich 2008 2374 9 841 60.40 880 65.14 579 42.67 423 9 243 3 192 13.43 306 7
2000- 122.7 101.1 42.0 29.4 20.0
Southern Turin 2008 4961 3 3892 98.23 4465 8 1129 27.36 1716 7 1114 4 872 20.08 816 6
1995- 2355 189.2 1116 43.3 59.1 552 44.2
Lisbon 2008 2 6 23437 198.40 9 72.58 5643 45.38 5345 7 6585 0 4149 25.04 5 9
Barcelon 2000- 110.5 101.0 60.7 17.5 159 23.6
a 2008 7412 5 4705 70.53 6953 1 1803 26.54 4100 O 1144 1 1215 17.89 0 0
2000- 1122 115.9 1040 53.6 44.3 128 13.1
Madrid 2007 8 6 5970 6285 3 98.38 2995 30.34 5242 7 4038 9 1442 1351 0 2
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Women

2000- 159.5 16.9 22.4
Northern Helsinki 2009 5751 8 2920 78.74 891 28.79 1089 33.19 601 3 891 5 410 13.48 241 6.76
Stockhol 2000- 1064 111.8 21.6 17.8 104 11.0
m 2007 3 9 6592 66.59 2477 32.45 2271 27.25 2021 4 1937 6 398 534 1 9
Central- 2003- 188.1 19.0 26.3
Eastern Prague 2007 6946 O 4755 127.74 1370 38.35 1391 38.89 708 7 975 3 375 10.86 315 8.54
2000- 312.2 30.2 13.8
Bratislava 2008 5810 2 1086 59.22 449 22.49 766 38.47 138 7.45 540 4 417 19.80 258 9
2000- 342.7 13.3 47.8 20.3
Kosice 2008 2703 5 694 91.17 203 22.12 326 35.69 103 1 354 O 165 16.19 160 8
2001- 2441 240.6 25.5 213 21.0
Budapest 2008 8 5 12055 116.94 5272 55.99 4224 4485 2613 7 496 4.77 2644 30.08 1 1
2001- 20.4 26.2
Western Brussels 2004 1781 63.87 1472 50.44 498 22.87 725 31.00 568 4 829 7 135 6.75 218 7.87
Amsterda 1996- 39.1 41.1 131 26.0
m 2008 4281 84.05 4199 79.29 2112 51.03 1911 42.14 1969 8 2363 5 255 6.14 6 6
Rotterda 1996- 34.8 39.1 129 25.4
m 2008 4352 85.16 4355 81.41 1859 46.74 1892 43.86 1768 6 2277 3 186 499 1 6
2000- 3636 110.5 1141 1066 32.8 2289 62.2 281
London 2008 0 1 26280 77.31 8 41.19 11055 37.07 O 5 6 9 2074 7.49 2 8.61
2000- 114.0 12.3 10.7 15.9
Zurich 2008 3039 4 1464 52.09 471 23.89 681 31.47 328 9 329 O 139 7.79 421 4
2000- 17.9 13.0 112 15.9
Southern Turin 2008 4324 61.02 6576 90.03 1359 2251 2069 33.63 1279 6 989 1 687 12.75 8 4
1995- 2184 106.5 11.6 29.2 719 35.1
Lisbon 2008 0 9 33910 165.64 2381 11.60 6710 32.91 2385 7 6044 8 1122 552 8 6
Barcelon 2000- 12.8 204 16.4
a 2008 5889 47.26 7193 55.38 1360 13.64 2665 25.52 1602 1 1057 7.69 810 9.15 4 6
2000- 20.7 199 111

Madrid 2007 9516 53.38 9153 49.98 1942 1250 3835 24.18 1718 9.58 3924 5 710 498 1 7

International Classification of Diseases (ICD): ischemic heart diseases (ICD9: 410-414, ICD10: 120-125), cerebrovascular diseases (ICD9: 430-434, 436-
438, ICD10: 160-169), lung cancer (ICD9: 161,162, ICD10: C32-C34), breast cancer (ICD9: 174, ICD10: C50), prostatic cancer (ICD9: 185, ICD10: C61),
respiratory diseases (ICD9: 490-496, ICD10: J40-J44, J47), influenza and pneumonia (ICD9: 480-487, ICD10: J10-J18), chronic liver diseases (ICD9: 571,
ICD10: K70, K73, K74), diabetes (ICD9: 250, ICD10: E10-E14).
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