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A B S T R A C T   

Background: The effect of inequalities aggravated by economic recessions in the mortality rates of certain diseases 
has been previously described. In this study, we analyzed the relationship between socio-economic deprivation 
and cancer mortality. We focused on lung, colon, prostate, and breast cancers in nine European urban areas over 
three periods: two before (2000–2003 and 2004–2008) and one after (2009–2014) the onset of the 2008 financial 
crisis. 
Methods: This is an ecological study of trends. The units of analysis were small areas within nine European urban 
areas. We used a composite deprivation index as a socio-economic indicator. As a mortality indicator, we used 
the smoothed standardized mortality ratio, calculated using the hierarchical Bayesian model proposed by Besag, 
York and Mollié. To analyze the evolution of socio-economic inequalities, we fitted an ecological regression 
model that included the socio-economic indicator, the period of time, and the interaction between these terms. 
Results: In men, socio-economic inequalities in all-cancer and lung cancer mortality were observed in most of the 
cities studied, but did not increase after the onset of the economic crisis. In women, only two cities (Stockholm 
and London) showed socio-economic inequalities in all-cancer and lung cancer mortality; there was also no 
increase in inequalities. 
Conclusions: Our results did not validate our hypothesis that inequalities increase in times of crisis. However, they 
emphasize the importance of socio-economic measurements for understanding mortality inequalities, and can be 
used to inform prevention strategies and help plan local health programs aimed at reducing health inequalities.   

1. Introduction 

Several studies have evaluated the relationship between economic 
crises and health, with some showing a direct relationship between 
crises and a general decline in population’s health, while others have 
claimed the opposite [1–4]. In the European Union, the overall reduc-
tion in public investment, including health care, in times of crisis has 
been associated with an overall increase in mortality [5]. However, not 

all studies support this assertion, with only some causes of mortality, 
such as suicide, increasing during these periods [6,7]. There is even 
evidence of a reduction of other types of mortality, for instance those 
caused by traffic injuries, in this case due to a decrease in the number of 
circulating vehicles [8,9]. 

Cancer is one of the main causes of death in the European population, 
specifically lung and colon cancer in both sexes, and prostate and breast 
cancer in men and women, respectively [10,11]. While there was a 
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general decline in cancer mortality in the years preceding the crisis, the 
rate of this decline began to slow after the onset of the 2008 crisis [12, 
13]. During economic crises, increased unemployment and decreased 
public investment has been linked to a rise in total cancer mortality, 
most noticeably in lung, colon, prostate, and breast cancers [14–18]. 
This rise in mortality could be counteracted by an increase in health 
services investment [15,19]. 

Economic crises, and their impact on health care, most negatively 
affect individuals from the most socio-economically disadvantaged 
areas and social classes, ethnic minorities, the unemployed, and those 
with lower levels of education [20–22]. However, few studies have 
analyzed the impact of economic crises on health inequalities, especially 
in urban areas, and their results have not always been consistent [20, 
23–28]. 

The aim of this study was to analyze the effect of socio-economic 
inequalities on cancer mortality, specifically lung, colon, prostate, and 
breast cancers in nine European urban areas over three periods: before 
(two intervals: 2000− 2003 and 2004− 2008) and after (one interval: 
2009− 2014) the onset of the 2008 financial crisis. Our hypotheses were 
that cancer mortality would be higher in the most disadvantaged socio- 
economic areas, and that these inequalities have increased after the 
onset of the economic crisis as the population living in these areas tends 
to suffer more from the negative effects of the crises. 

2. Methods 

2.1. Design, units of analyses, and study population 

This study was part of a wider European project called Euro-healthy 
(http://www.euro-healthy.eu/), which aims to increase knowledge and 
resources related to policies promoting health and health equity across 
Europe, with a focus on metropolitan areas. We performed an ecological 
study of trends based on three study periods, two before the economic 
crisis (2000− 2003 and 2004− 2008), and one after the crisis 
(2009− 2014). The units of analysis were small areas in nine European 
urban areas: Athens metropolitan area, Barcelona, Berlin-Brandenburg 
Metropolitan Region, Brussels-Capital Region, Lisbon Metropolitan 
Area, Greater London, Prague, Turin, and Stockholm Metropolitan Area 
(see descriptions of the small areas in Table 1). We selected these areas 
because of the availability of data within the Euro-healthy project, 
which covers a broad range of geographical areas and socio-economic 
conditions. The study population consisted of individuals living in 
these areas during the three time periods. 

2.2. Information sources 

For most of the urban areas, mortality and population data were 
available for the three time periods (Table 1), and socio-economic in-
dicators for 2001. We mainly obtained mortality data from mortality 
registers. We obtained population data stratified by age (five-year 
groups) and by sex from censuses or population registers. We obtained 
socio-economic data mainly from census records. 

2.3. Variables and indicators 

In this study we analyzed deaths due to (International Classification 
of Diseases, 10th revision, ICD10): all cancers (all neoplasms, C00 to 
D48); Lung Cancer (malignant neoplasms in the larynx, trachea, bron-
chus or lung, C32 to C34); Colon Cancer (malignant neoplasms in the 
colon, rectum, anus, or anal canal, C18 to C21); Prostate Cancer (ma-
lignant neoplasms in the prostate, C61) and Breast Cancer (malignant 
neoplasms in the female breast, C50). 

As a mortality indicator, we computed the Standardized Mortality 
Ratio (SMR) for each small area of residence, and during each of the 
three time periods. To describe mortality for the whole city/metropol-
itan area in each period, we calculated the mortality rate (MR) per Ta
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100,000 inhabitants. We also used the indirectly standardized rate (ISR), 
calculated by multiplying the SMR for the city/metropolitan area by the 
crude rate in the standard population, which was considered to be the 
population of the 28 countries of the European Union (EU-28) in the 
year 2007 (representing approximately the mid-point of the entire 
studied interval). 

We used a composite deprivation index as a socio-economic indicator 
for each small area. This index was the first component of a principal 
components analysis performed separately within each urban area (see 
supplementary material). It included: the rate of unemployment in 
people aged ≥ 16 years; the percentage of manual workers in people 
aged ≥ 16 years; the percentage of people aged 25–64 years who had 
primary education as the highest of education completed (International 
Standard Classification of Education [ISCED] level 0 and 1, except for 
London where we included ISCED levels 0, 1, and 2); and the percentage 
of people aged 25–64 years who had a university degree (ISCED 5 and 6) 
[29]. There were no data for the percentage of manual workers in 
Stockholm; therefore, we constructed the index using the other three 
available indicators. 

2.4. Data analysis 

The SMR depends on population size because its variance is inversely 
proportional to the expected values. Therefore, areas with low pop-
ulations tend to have more variable estimates. To smooth the SMR for 

each small area, we used the hierarchical Bayesian model proposed by 
Besag et al. [30], which accounts for two types of random effects, spatial 
and heterogeneous. The spatial effect considers the spatial structure of 
the data, while the heterogeneous effect deals with non-structural 
(non-spatial) variability. We used the following model to estimate the 
smoothed SMR (sSMR) for each sex, cause of death, and period:  

Oi ~ Poisson (Eiθi)                                                                                  

log(θi) = α + Si + Hi,                                                           (model 1) 

where, for each area i, Oi is the number of observed cases, Ei the ex-
pected number of cases, θi the sSMR with respect to the European 
population, Si the spatial effect, and Hi the heterogeneous effect. We 
calculated the expected number of cases by indirect standardization, 
taking as reference the mortality rates of the EU-28 in 2007. We also 
considered age (in 5 year groups) and sex. 

We used septile maps to represent the geographical distribution of 
the sSMR, the socio-economic indicators, and the composite deprivation 
indicator. 

To analyze trends in socio-economic inequalities, we fitted an 
ecological regression model that includes the composite deprivation 
index (D), the period (through two dummy variables P2 and P3), and a 
term for interaction between these variables:  

Oit ~ Poisson (Eitθit)                                                                               

Table 2 
Number of deaths, mortality rate, and Indirectly Standardized Mortality Rate per 100 000 inhabitants in for each study period: MEN.  

ALL-CANCER First period Second period Third period 

Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 

Athens 16 217 258.71 337.49 20 959 276.34 334.4 22 912 310.04 345.41 
Barcelona 9 962 345.85 363.79 12 827 337.84 358.66 12 460 323.74 331.47 
Berlin 8 099 276.64 370.6 8 322 275.23 333.03 9 131 311.59 324.96 
Brussels 2 830 200 275.57 6 058 240.33 343.4 3 630 223.15 329.52 
Lisbon 14 423 282.45 368.51 18 958 293.55 356.33 16 558 312.08 351.86 
London 30 632 211.71 342.46 36 245 193.54 315.88 43 748 178.95 289.84 
Prague 5 487 331.14 407.16 9 143 317.32 381.65 10 115 277.74 325.82 
Stockholm 4 841 178.55 240.36 8 233 174.82 230.54 4 899 168.88 221.07 
Turin 6 364 372.54 374.95 8 203 383.94 361.92 7 983 369.88 326.46 
LUNG CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 5 352 85.38 105.16 6 863 90.49 104.66 7 394 100.06 108.06 
Barcelona 2 932 101.79 102.52 3 739 98.48 101.76 3 559 92.47 94.15 
Berlin 2 287 78.12 94.12 2 286 75.6 83.4 2 510 85.65 83.34 
Brussels 822 58.09 77.09 1 829 72.56 100.5 1 104 67.87 97.88 
Lisbon 3 223 63.12 76.14 4 363 67.56 76.79 3 699 69.72 74.61 
London 8 120 56.12 87.31 9 122 48.71 76.67 10 406 42.56 66.59 
Prague 1 449 87.45 100.21 2 296 79.69 90.27 2 445 67.14 75.1 
Stockholm 1 041 38.39 49.48 1 765 37.48 47.23 1 014 34.95 43.46 
Turin 2 006 117.43 110.75 2 470 115.61 103.97 2 317 107.35 93.07 
COLON CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 1 180 18.82 25.58 1 755 23.14 28.88 2 031 27.48 31.22 
Barcelona 1 224 42.49 45.54 1 659 43.7 46.95 1 635 42.48 43.63 
Berlin 934 31.9 46.04 912 30.16 38.65 895 30.54 32.95 
Brussels 249 17.6 25.04 612 24.28 35.87 389 23.91 36.52 
Lisbon 2 072 40.58 55.78 2 831 43.84 55.41 2 406 45.35 52.61 
London 2 980 20.6 34.81 3 442 18.38 31.39 4 265 17.45 29.57 
Prague 876 52.87 68.25 1 300 45.12 56.55 1 312 36.03 43.66 
Stockholm 620 22.87 32.03 1 055 22.4 30.72 654 22.54 30.72 
Turin 712 41.68 43.16 960 44.93 43.06 937 43.41 38.32 
PROSTATE CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 1539 24.55 36.76 2027 26.73 35.8 2074 28.07 33.28 
Barcelona 767 26.63 29.94 958 25.23 27.89 967 25.12 25.94 
Berlin 804 27.46 48.22 764 25.27 37.56 889 30.34 35.7 
Brussels 312 22.05 33.54 577 22.89 36.15 347 21.33 34.76 
Lisbon 1716 33.6 52.44 1995 30.89 43.07 1794 33.81 42.06 
London 3546 24.51 45.33 4461 23.82 44.56 5371 21.97 40.8 
Prague 534 32.23 46.51 911 31.62 43.57 1084 29.77 39.09 
Stockholm 1188 43.82 66.72 2034 43.19 64.59 1092 37.64 56.34 
Turin 502 29.39 33 629 29.44 29.52 624 28.91 25.66  
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log(θit) = α + β1Di + β2P2t + β3P3t + β4P2tDi + β5P3tDi + Sit + Hit(model 2) 

where, for each area i and period t (t = 1, 2 and 3 for the first, second and 
third periods, respectively), Oit is the observed number of cases, Eit the 
expected number of cases, θit the sSMR with respect to the European 
population, Sit the spatial effect, and Hit the heterogeneous effect. 
Finally, P2t and P3t took the following values: Pjt = 1 if j = t, and 
0 otherwise, where j = 2 or 3. We calculated the expected number of 
cases as in the previous model. We computed interaction terms in model 
2 to evaluate changes between periods in the relationship between the 
socio-economic deprivation index and mortality. 

In the two models, the spatial effect was assigned an intrinsic con-
ditional autoregressive prior distribution (ICAR), which assumes that 
the expected value of each area is equal to the mean of the spatial effect 
of the adjacent areas, and has a variance of σs[2]. The heterogeneous 
effect was represented using independent normal distributions with 
mean of 0 and variance of σh[2]. A uniform distribution U(0,∞) was 
assigned to the standard deviations σs and σh. A normal vague prior 
distribution was assigned to the parameters α, β1, β2, β3, β4, and β5. 

Since the composite deprivation index is dimensionless and arbi-
trarily fixed, we calculated the Relative risk (RR), which compares the 
suicide mortality of the 95th percentile of socio-economic deprivation 
(severe deprivation) to that of the 5th percentile (low deprivation). We 
obtained RR estimates based on the mean of their posterior distribution, 

along with their corresponding 95% credible intervals. 
We performed all analyses using R software version 3.5.0 [31] and 

the INLA package [32]. 

3. Results 

The largest of the studied areas by population was Greater London (7 
322 403 inhabitants) and the smallest was Turin (891 769 inhabitants) 
(see Table 1). Berlin-Brandenburg has the smallest number of areas (30 
areas) and Turin has the highest (2678 census tracts). Most small areas 
have a median population of fewer than 12 000 people except for the 
metropolitan areas of Athens and Berlin (where median small area size is 
~60 000 and ~200 000, respectively). 

Tables 2 and 3 show the number of deaths and the crude and indirect 
standardized mortality rates for cancers for men and women, respec-
tively, during the three study periods. In men, cancer mortality, both for 
all cancers and for each type (lung, colon, and prostate cancer), tended 
to decrease over the three time periods in all cities and metropolitan 
areas, except for Athens, which experienced a slight increase in mor-
tality due to lung, colon, and all cancers. In women, we observed a 
decrease in mortality rates during the three periods for colon, breast, 
and all cancers. However, mortality due to lung cancer increases in most 
cities and metropolitan areas, except in London and Prague. 

Fig. 1 shows the association between the socio-economic deprivation 
index and cancer mortality in men. There were socio-economic 

Table 3 
Number of deaths, mortality rate, and Indirectly Standardized Mortality Rate per 100 000 inhabitants in for each study period: WOMEN.  

ALL-CANCER First period Second period Third period 

Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 11 957 175.8 191.38 15 852 191.85 191.33 17 133 211.51 191.26 
Barcelona 7 006 215.25 167.44 8 934 212.09 165.99 9 222 216.73 167.19 
Berlin 7 637 250.62 238.29 7 292 234.06 213.07 7 440 243.62 203.39 
Brussels 2 755 179.42 175.25 5 848 216.84 222.75 3 450 201.12 216.53 
Lisbon 10 514 189.11 193.88 13 467 189.42 182.91 11 929 202.12 183.83 
London 29 064 194.44 248.28 33 918 175.48 234.27 40 218 160.71 220.55 
Prague 5 226 285.48 255.73 8 656 278.84 245.48 9 577 248.43 218.73 
Stockholm 4 432 156.87 165.21 7 322 150.31 159.34 4 319 145.18 157.01 
Turin 5 361 286.82 218.86 6 490 276.84 202.91 6 532 275.06 192.19 
LUNG CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 1 408 20.7 21.57 1 988 24.06 23.45 2 352 29.04 26.27 
Barcelona 522 16.04 12.66 779 18.49 14.91 946 22.23 18.01 
Berlin 920 30.19 28.04 1 004 32.23 28.8 1 214 39.75 32.91 
Brussels 343 22.34 22.48 867 32.15 34.2 529 30.84 34.58 
Lisbon 704 12.66 12.55 981 13.8 13.05 1 012 17.15 15.48 
London 5 031 33.66 43.48 6 387 33.04 44.43 7 882 31.5 43.25 
Prague 756 41.3 36.73 1 342 43.23 38.07 1 515 39.3 34.87 
Stockholm 887 31.39 33.64 1 573 32.29 34.69 971 32.64 35.32 
Turin 592 31.67 23.99 774 33.02 24.29 854 35.96 25.97 
COLON CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 1 167 17.16 19.09 1 544 18.69 18.8 1 676 20.69 18.6 
Barcelona 1 061 32.6 24.79 1 353 32.12 24.45 1 392 32.71 24.39 
Berlin 1 084 35.57 34.06 917 29.43 26.84 805 26.36 21.84 
Brussels 356 23.18 22.19 695 25.77 25.98 407 23.73 25.1 
Lisbon 1 628 29.28 30.46 2 122 29.85 28.98 1 799 30.48 27.63 
London 2 772 18.55 23.76 3 366 17.41 23.47 3 775 15.09 21.04 
Prague 741 40.48 36.21 1 075 34.63 30.32 1 049 27.21 23.73 
Stockholm 612 21.66 22.67 1 051 21.57 22.79 589 19.8 21.47 
Turin 683 36.54 27.55 842 35.92 25.81 747 31.46 21.28 
BREAST CANCER First period Second period Third period 
Urban area Deaths MR ISMR Deaths MR ISMR Deaths MR ISMR 
Athens 2 297 33.77 36.97 3 032 36.7 36.93 3 252 40.15 36.81 
Barcelona 1 159 35.61 28.81 1 387 32.93 26.68 1 367 32.13 25.36 
Berlin 1 179 38.69 37.05 1 157 37.14 34.27 1 254 41.06 35.14 
Brussels 532 34.65 34.64 1 065 39.49 41.07 678 39.52 42.63 
Lisbon 1 999 35.95 37.16 2 400 33.76 32.98 2 160 36.6 33.8 
London 5 269 35.25 44.82 5 786 29.94 39.43 6 527 26.08 34.98 
Prague 782 42.72 38.71 1 343 43.26 38.44 1 375 35.67 31.56 
Stockholm 814 28.81 30.31 1 335 27.4 28.8 776 26.09 27.95 
Turin 943 50.45 39.76 1 130 48.2 36.85 1 084 45.65 33.06  
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inequalities in the mortality rates for all cancers in all the studied pe-
riods, with higher mortality in the most disadvantaged areas in all cities, 
except in Prague, Lisbon, and Berlin (which almost reached statistical 
significance). We obtained similar results for lung cancer mortality but 
not for colon and prostate cancer, for which no significant inequalities in 
mortality were observed (except in Stockholm and London for colon 
cancer mortality). However, comparing cancer mortality before and 
after the onset of the economic crisis, we observed no increase in in-
equalities in any of the studied cities or metropolitan areas. 

Fig. 2 shows the association between the socio-economic deprivation 
index and cancer mortality in women. There were no socio-economic 
inequalities in mortality due to all cancers in the small areas of most 
cities and metropolitan areas, except for London and Stockholm during 
the second and third periods. For lung cancer, Stockholm, London, and 
Brussels showed socio-economic inequalities in mortality during the 
third period, whilst in Lisbon mortality was higher in the least advan-
taged areas during all the periods. There were no socio-economic in-
equalities in mortality rates for the remaining cancer types, with two 
exceptions: risk of colon cancer was positively associated with socio- 
economic deprivation during the second period in Athens and nega-
tively associated during the same period in Lisbon. Risk of breast cancer 
was also negatively associated with socio-economic deprivation in Lis-
bon during the third period and in Barcelona during the first and third 
periods. Regarding trends in socio-economic inequalities, only Stock-
holm and Lisbon showed changing trends during the second period, the 
former showing a significant increase and the latter a significant 
decrease in inequalities in all-cancer mortality. However, no changing 
trends were found during the third period, which corresponds to the 
interval following the onset of the economic crisis. 

4. Discussion 

For most of the cities analyzed in our study and for both sexes, we 
observed a decrease over time in mortality due to all cancers and all 
types of cancer studied, except lung cancer in women, which increased. 
In men, socio-economic inequalities in all-cancer and lung cancer mor-
tality were observed in most of the cities studied, but did not increase 
after the onset of the economic crisis. In women, only two cities 
(Stockholm and London) showed socio-economic inequalities in all- 
cancer and lung cancer mortalities. Also, there was no increase in in-
equalities in cancer mortality rates after the onset of the economic crisis. 

In the context of the European Union, in both sexes there has been a 
general downward trend in mortality due to all cancers and most types 
of cancer, with the exception of lung cancer in women [33–38]. These 
trends are consistent with those observed in our study. 

All-cancer mortality continued to decline after the onset of the 2008 
economic crisis, including in countries that were strongly affected by the 
crisis [18,26]. However, in some cases the rate of this decline slowed due 
to the economic recession [13]. One explanation for this continuous 
decrease in mortality is that, despite economic cuts implemented in 
response to the crisis, countries with public health systems provide ac-
cess to it for the entire population, which would have a dampening effect 
on the negative consequences of the health cuts [15]. 

Several studies have shown socio-economic inequalities in lung 
cancer mortality: mortality rates are higher in men and women with 
lower socio-economic status who are living in the most deprived areas. 
These inequalities are more striking in men than in women, likely due to 
exposure to various risk factors such as tobacco consumption [39,40]. 
Stress and lack of resources due to unemployment, which lead to smoke 
as a coping strategy, might explain the higher levels of 

Fig. 1. Association between the socio-economic deprivation index and mortality, relative risk (RR) and 95% credible intervals (CI) for MEN in nine urban areas 
(Note: * indicates that RR2 is statistically significantly different from RR1 and + means that RR3 is statistically significantly different from RR2). 
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respiratory-related deaths in these populations [41]. The differences in 
global cancer mortality between men and women could be due to 
traditional gender roles, according to which men present riskier be-
haviors than women [42]. 

Patients with lower socio-economic levels have greater difficulty in 
accessing lung cancer treatments [43], and in countries worst affected 
by the economic crisis, the prognosis was worse for these patients [44]. 
These results are consistent with those obtained in our study, in that 
lung cancer mortality was higher among men living in the most disad-
vantaged socio-economic areas in most cities studied, and among 
women in some cities. However, in our study, these inequalities in 
mortality did not increase after the onset of the economic crisis. 

Past socio-economic differences in breast cancer mortality have been 
decreasing due to a general improvement in health-related behaviors 
and access to breast cancer screening programs and health services [45, 
46]. These trends are also reflected in our study, in that women with 
breast cancer who are living in more disadvantaged areas did not have 
higher mortality than those living elsewhere. Some studies also sug-
gested that, in times of economic crisis, more disadvantaged breast 
cancer patients show a decrease in survival due to complications in 
accessing health services [14,47,48]. According to our results, in-
equalities in breast cancer mortality did not increase after the onset of 
the economic crisis. 

Previous studies report socio-economic inequalities in colon and 
prostate cancer mortality: colon cancer patients with lower socio- 
economic status or who live in more deprived urban areas have higher 
mortality [48–51]. Similar results have been found for prostate cancer 
[18,52–54]. There is also evidence of an increase in inequalities in 
mortality due to both colon and prostate cancer after the economic crisis 
[16,17]. Our results showed the opposite: mortality for colon and 

prostate cancers were not higher among patients living in poorer urban 
areas, and inequality did not increase after the onset of the crisis. 

As mentioned above, inequalities in cancer mortality could be due to 
differences in population exposure to various risk factors (e.g. tobacco), 
or to varying degrees of impediment to accessing health system services, 
such as if more vulnerable people have greater difficulty in accessing 
diagnostic tests and certain treatments. Since the cities and metropolitan 
areas studied generally had health systems with a strong public 
component [55], this may have contributed to the fact that we did not 
detect an increase in inequalities in cancer mortality after the beginning 
of the crisis. 

One of the limitations of our study is that we analyzed only a six-year 
period post-crisis, which may not have been long enough to detect 
changes in cancer mortality. Given the latency period of the cancers 
studied (the latency time period between cause and cancer is often more 
than 10 years), the effects of the crisis may appear after a longer period 
of time. Therefore, in the coming years it would be advisable to continue 
monitoring mortality trends as well as trends in socio-economic 
markers. In addition, we used cancer mortality data, and this kind of 
data aggregate incidence and survival rates without being able to 
distinguish them. This can represent a limitation in interpreting the 
trends since incidence and lethality have different temporal trends for 
most cancers. However, socioeconomic inequalities in terms of which 
geographic areas have higher rates are likely to be similar for both 
outcomes. Furthermore, we only considered economic data for one year, 
which therefore assumes that the economic conditions were constant for 
the entire study period. Although socio-economic indicators may have 
changed, the ranking of the areas in terms of deprivation did not change 
much and we were not using the value itself but only the distribution. 
The sizes of the small areas differed between the urban areas studied. 

Fig. 2. Association between the socio-economic deprivation index and mortality, relative risk (RR) and 95% credible intervals (CI) for WOMEN in nine urban areas 
(Note: * indicates that RR2 is statistically significantly different than RR1 and + means that RR3 is statistically significantly different than RR2). 
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Smaller areas are more homogeneous and the possibility of observing 
higher effects is higher, which may partly explain the inconsistency of 
some of our results. 

5. Conclusions 

There were inequalities in mortality among men: those living in the 
most deprived areas had higher mortality for all of the cancers studied, 
and for lung cancer in particular. In women, inequalities in cancer 
mortality were less common. Finally, we found that inequalities in 
mortality did not increase after the onset of the crisis, so our results did 
not validate our hypothesis of increasing inequalities. This is very likely 
due to the short period of time studied after the crisis. However, our 
results emphasize the importance of socio-economic measurements for 
understanding mortality inequalities, and can be used to inform pre-
vention strategies and help plan local health programs aimed at 
reducing health inequalities. Future studies should study the role of 
cancer screening programs and other health systems characteristics on 
cancer inequalities. 
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