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Abstract 

Purpose 

Social inequalities in cancer incidence and mortality have been reported in France, but no data 

are available for the French overseas territories. Our objective was to explore the association 

between cancer incidence and the socioeconomic level of the residence area in the French 

West Indies. 

Methods 

Cancer incidence data were obtained from the cancer registries of Guadeloupe and Martinique 

(2009-2010). To assess socioeconomic status, we developed a specific index of social 

deprivation from census data at a small-area level. We used Bayesian methods to evaluate the 

association between cancer incidence and the deprivation index, for all cancers combined and 

for the major cancer sites. 

Results 

There was no clear association between area-based deprivation and the incidence of all 

cancers combined. In men, higher area deprivation was associated with a higher incidence of 

prostate cancer (relative risk (RR) 1.25, 95% credible interval (CI) 1.04-1.49; RR 1.08, CI 

0.91-1.29 in the categories of intermediate and high deprivation respectively, compared to low 

deprivation), but was not associated with respiratory cancer. Women living in the most 

deprived areas had a higher incidence of stomach (RR 1.77, CI 1.12-2.89), breast (RR 1.15, 

CI 0.90-1.45) and cervix (RR 1.13, CI 0.63-2.01) cancers and a lower incidence of respiratory 

cancer (RR 0.65, CI 0.38-1.11).  

Conclusion 

These first results in the French West Indies suggest specific patterns for some cancer sites 

that warrant to be further investigated. 

 

Keywords: Cancer incidence; socioeconomic status; social deprivation index; French West 

Indies 
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Introduction 

Social inequalities in cancer incidence and mortality have been reported in all developed 

countries [1, 2]. Social differences in cancer mortality are particularly large in France [3, 4] 

and recent studies have also provided evidence of social inequalities in cancer incidence [5, 

6]. However, these results are limited to mainland France, and no information on social 

determinants of cancer is currently available in French overseas territories, whereas 

socioeconomic inequalities in these regions are stronger than in the mainland. Documenting 

and monitoring social inequalities in cancer incidence is an essential element of public health 

surveillance. 

Guadeloupe and Martinique are two French overseas regions in the French West Indies 

(FWI), with a population of about 400,000 in each territory. The vast majority of the 

population, about 85%, is Afro-Caribbean. These regions experienced rapid economic growth 

in the last 30 years, but the gross domestic product per capita is still about 65% of the national 

average. When compared to the national average, the population of the FWI is characterized 

by a lower median income, larger income inequalities, a lower educational level, a higher rate 

of unemployment, and a larger proportion of people who get income support. The population 

benefits from the health insurance system of the French population, which in principle 

guarantees universal access to care. Cancer epidemiology has also some specific features. 

Cancer incidence is globally lower than in mainland France, but is higher for prostate, 

stomach and cervical cancers. In contrast, lung cancers and upper aero-digestive tracts, which 

in France contribute strongly to social inequalities in cancer, have much lower incidence rates 

in the FWI. In general, cancer incidence rates in the FWI are between those of mainland 

France and those of the other countries in the Caribbean [7]. Because of this specific social, 

economic and epidemiological context, studies on social inequalities in cancer incidence in 

these regions are of particular interest. 

Cancer registries were implemented in Martinique (since 1983) and in Guadeloupe (since 

2008). Cancer registries do not routinely collect data on socioeconomic status at the 

individual level, but record the address of residence, making it possible to use area-based 

measures of socioeconomic status. Our objective was to assess the feasibility to describe 

social inequalities in cancer incidence in the FWI, using cancer registries data and the 

socioeconomic level of the residence area.  

 

Material and Methods 
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Population data 

The French National Institute for Statistics and Economic Studies (Institut National de la 

Statistique et des Etudes Economiques, INSEE) provides census data for each year since 

2006. Aggregated data are available for a number of social, demographic and economic 

indicators, at a sub-municipality level, the IRIS level (for Ilots regroupés pour l’information 

statistique; Merged Islet for Statistical Information). The IRIS is the smallest geographical 

census unit available in France. There are 141 IRIS in Martinique and 136 IRIS in 

Guadeloupe.  

Cancer incidence 

The study included all cancer cases diagnosed between January 1, 2009 and December 31, 

2010 recorded in the cancer registries of Guadeloupe and Martinique (5618 cases). Available 

information for each cancer case include sex, age at diagnosis, cancer site (coded with the 

International Classification of Diseases for Oncology, third edition; ICD-O-3) and address of 

residence. The addresses were geocoded to assign the IRIS of residence.   

Construction of the deprivation index 

Deprivation indices, composite indices using several variables to characterize the 

socioeconomic level of the residence area, are often used to describe social inequalities in 

health. Several indices of deprivation have been recently developed for mainland France [8–

10], but are poorly suited to the Caribbean context. Some variables used in these indices are 

not available or may have different meanings. For example, access to heating [10] is not 

collected in the FWI for obvious reasons; the median income [8, 9] is not available at a small 

area level in Guadeloupe; the proportion of non-owner-occupied primary residences [8, 10] 

has a different connotation in the Caribbean, where low-income households own their 

residence as frequently as the others. Therefore, we first developed a specific index of 

neighbourhood deprivation, suitable for the FWI.  

The deprivation index was constructed from data of the 2008 French national census, at the 

IRIS level. The data for the two regions, Guadeloupe and Martinique, were pooled. First, a 

priori selection of 137 variables representing different census domains was carried out. 

Several principal component analyses were used to select the variables most correlated to the 

first component and contributing most to its construction. Finally, eight variables covering 

different dimensions of deprivation were selected: proportion of unemployed, proportion of 

blue-collar workers, proportion of managers, proportion of salaried employees on permanent 

contract (employment); proportion of people without any diploma (education); proportion of 
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households with no car (equipment); proportion of primary residences with hot water, 

proportion of primary residences with air conditioning (housing). The deprivation index was 

defined as the first component of a principal component analysis of these eight variables. This 

first component explained 62% of the total variance, while the second component accounted 

for only 10.1% of the total variation. To check the robustness of our results, we re-run the 

analyses in each region separately. These analyses lead to the selection of the same variables, 

with similar coefficients. We calculated the index for each IRIS. To evaluate the index 

validity, we calculate the Cronbach’s alpha coefficient and we examined the correlations 

between the index and the variables used in its construction (internal validity). External 

validity was assessed by the correlation coefficients between our index and two widely used 

deprivation indices (indices of Townsend [11] and Carstairs [12]). We were not able to 

calculate previously developed French deprivation indices [8–10] or other recent indices (e.g. 

[13, 14]) because some variables were not available in the FWI. We then used hierarchical 

clustering to group the IRIS in three categories of low, medium and high deprivation.  

Association between cancer incidence and area deprivation 

Analyses were conducted for all cancer sites, and for cancer of the prostate (ICD-O3 code 

C61), breast (C50), colon-rectum (C18-C21), stomach (C16), cervix (C53), lung (C33-34) and 

upper aero-digestive tract (C00-C14, C32). Due to the small number of cases, cancers of the 

lung, oral cavity, pharynx and larynx were grouped in the analysis. Analyses stratified by sex 

were also performed. The population at-risk was obtained from census data in 2009 and 2010, 

which provide for each IRIS the population by sex and age group (<15 years, 15-29 years, 30-

44 years, 45-59 years, 60-74 years, >=75 years). 

We estimated standardized incidence ratios (SIRs) with Bayesian modelling to take into 

account extra-Poisson variability. These models in their general form consider the expected 

cases as an offset and allow for overdispersion by including two types of random effects: 

unstructured (non-spatial) random effects and spatially structured random effects [15]. These 

models enable to obtain smoothed estimates of the SIR, that overcome limitations related to 

SIR mapping in small geographical areas [16]. The number of expected cases in each IRIS 

was calculated via indirect standardization for age and sex, using overall age and sex specific 

incidence rates in each region as reference rates. For each cancer site, to choose the model 

that best fitted the data, we first tested the presence of unstructured heterogeneity using the 

Potthoff-Whittinghill test [17], and the presence of spatial autocorrelation with the Empirical 

Bayes Index (EBI) [18], more powerful than the classic Moran’s I statistics. The Potthoff-
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Whittinghill test was significant for all the studied cancer sites. On the contrary, none of the 

EBIs was statistically significant. As there was no spatial autocorrelation in our data, we 

chose to use models that included only the unstructured (non-spatial) heterogeneity. As a 

check, we also fitted models including both types of random effects (unstructured 

heterogeneity and spatial autocorrelation) and examined the relative contribution to each 

component to overdispersion.  Unstructured random effect dominates the spatially structured 

random effect in all models. We also used the Deviance Information Criteria  (DIC) to 

compare models including only the unstructured heterogeneity component and models 

including both unstructured and spatially structured random effects, the smallest DIC 

indicating the better fit. For all the cancer sites, the addition of the spatial component lead to 

higher or similar DICs, i.e. did not improve the fit. 

To study the association between cancer incidence and deprivation, deprivation categories 

were introduced in the model as two dummy variables for the medium and high deprivation 

categories, the least deprived category being set as the reference group. The relative risk (RR) 

estimates were obtained based on their posterior means, along with the corresponding 95 % 

credible intervals (95%CI), using Markov Chain Monte Carlo algorithms. For each model we 

ran two independent chains of 30000 iterations after a burn-in of 30000 iterations. 

Bayesian analyses were performed using R 3.3.2, with R2WinBUGS package, interfacing 

Winbugs and R, spdep package for calculation of the EBIs and DCluster package for the 

Pottwhoff-Whittinghill tests. All other analyses were conducted using SAS 9.3.1 (SAS 

Institute, Cary NC). 

Results 

The deprivation index varied from -3.61 (in the less deprived census tract) to 2.23 (in the most 

deprived). The internal consistency was satisfactory (Cronbach’s alpha coefficient=0.87). The 

deprivation index was positively correlated with the indices of Carstairs (r=0.82, p<0,001) 

and Townsend (r=0.52, p< 0.001). The weaker correlation with the Townsend index is due to 

the inclusion in this index of non-home ownership, which, as explained above, is not very 

relevant to deprivation in the FWI. The index was strongly and significantly correlated with 

the variables used for its construction (Table 1), in the expected direction: positively with the 

proportion of unemployed, uneducated, manual workers, households with no car, negatively 

with the proportion of stable jobs, managers, residences with hot water and air conditioning. 

Table 1 also shows the mean values of the index and of each variable in the three categories 

of deprivation used in the analyses, which exhibit gradual increases or decreases consistent 
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with deprivation. The geographical distribution of the deprivation index is shown in Figures 

1a and 1b for Guadeloupe and Martinique, respectively. The most deprived areas are mainly 

located in in the north and west of Guadeloupe, and in the northeast of Martinique. 

Smoothed SIRs for all cancers combined are mapped for Guadeloupe and Martinique in 

Figures 2a and 2b. Maps for the studied cancer sites are available in Supplementary material 

(Figures 3-8). 

The association between cancer incidence and deprivation is shown in table 2. No clear 

association was found for the incidence of all cancers combined. For prostate cancer, which 

account for more than half of all male cancer cases, the incidence was significantly higher in 

the category of medium deprivation than in the least deprived category (RR: 1.25, 95% CI: 

1.04; 1.49). The RR decreased in the most deprived category, but remains higher than 1, 

although non-significant (RR: 1.08, 95% CI: 0.91; 1.29). The incidence of breast cancer 

increased slightly and non-significantly with deprivation, with an RR of 1.15 (95% CI: 0.90; 

1.45) in the more deprived category. No association was observed between the incidence of 

colorectal cancer and the level of deprivation of the residence area. Stomach cancer incidence 

increased with area deprivation. The association was stronger in women than in men, and 

significant in women only, with a RR of 1.77 (95% CI: 1.12; 2.89) in the most deprived 

category. The numbers of cases of cancer of the cervix, upper aero-digestive tract and lung 

were small and no significant association was found. However, there was some indication of 

an increase in risk of cervical cancer with increasing area deprivation. Conversely, the risk of 

respiratory cancer seems to decrease in the most deprived category, particularly in women 

(RR: 0.64, 95% CI: 0.38; 1.11).  

Discussion 

This study assessed for the first time socioeconomic inequalities in the French West Indies, 

using an indicator of deprivation at a small-area level. Overall, we found little evidence of 

social inequalities in cancer incidence. Nevertheless, these preliminary results evidenced 

specific patterns for some cancer sites. 

Social inequalities in cancer incidence result from complex interactions between access to 

health care, utilization of screening and risk factors. Our objective is essentially descriptive, 

and a full discussion of the pathways and mechanisms is beyond the scope of this study. 

Rather, results should be used as a starting point to more in-depth studies. However, our 

findings may be compared to previous studies and some possible explanations may be 

mentioned. 
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We found a higher risk of prostate cancer in the category of medium deprivation, and overall 

the lowest incidence of prostate cancer was observed in the least deprived category. A number 

of studies, using individual or area-based indicators of social position, reported a higher risk 

in those with a high socioeconomic status [6, 19–21], although other found no or negative 

associations, especially among African American men [22, 23]. The high incidence in the 

most favored groups is generally attributed to a higher rate of screening, leading to the 

detection of indolent cases and overdiagnosis. The incidence of prostate cancer is very high in 

the FWI, and it is possible that screening practices differ in these high-risk populations.  

We found no significant association between deprivation and breast cancer incidence. Most 

studies, but not all, reported a higher risk of breast cancer in women with high socioeconomic 

status, or living in areas with high socioeconomic level [24, 25]. This relation is generally 

explained by the distribution of reproductive risk factors by socioeconomic status. Our results, 

although non-significant, pointed in the opposite direction, that is a higher incidence of breast 

cancer in the most deprived areas. In the US, the positive gradient with socioeconomic status 

is less consistently reported among African American women, some studies reporting a weak 

negative gradient [25]. Recent studies have also suggested that socioeconomic status would 

not be associated with hormone receptor negative tumors [26, 27]. There is some evidence of 

a high proportion of hormone receptor negative tumors in the FWI, as in other populations of 

African descent [28]. 

Our finding of an increased incidence of stomach cancer in the most deprived areas is 

consistent with previous studies [29]. Infection with Helicobacter pylori, a major risk factor 

of stomach cancer, is strongly related to socioeconomic status. Other risk factors include 

smoking, alcohol consumption and dietary factors [30]. In our data, the association seems to 

be limited to women. Given the small number of cases, this could be due to chance or may 

reflect real gender differences in risk factors and/or in their social distribution.  

The lack of association between deprivation and the incidence of lung and aero-digestive tract 

cancers contrasts with the results observed in mainland France [6] and in almost all developed 

countries, where these cancers exhibit the strongest social inequalities[31, 32]. Furthermore, 

we found some indications of a negative association with deprivation, with a decreased risk in 

the most deprived areas, more evident among women. Similar results were also found in 

populations at the earlier stages of the smoking epidemic[33, 34]. Social inequalities in 

respiratory cancer incidence are largely explained by the social distribution of smoking habits. 

Recent data from a health survey conducted in the FWI have shown that, in this population 
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with an overall low smoking prevalence, smoking is more frequent in the most favored 

categories, particularly among women (Baromètre Santé DOM, unpublished data). 

Screening for colorectal and cervical cancer led to removing of precancerous lesions, thus 

preventing an invasive cancer. A slightly higher screening rate of colorectal and cervical 

cancer screening in the most favored people was reported in the FWI [35]. In the present 

study, we found no association between deprivation and colorectal cancer incidence. In the 

literature, no clear pattern emerged for the relationship between socioeconomic status and 

colorectal cancer risk, studies showing either a higher (mainly in the US) or a lower (mainly 

in Europe) incidence in those with low socioeconomic status [36]. For cervical cancer, in our 

study, despite a slight non-significant increase with deprivation, the small numbers of cases 

do not allow to reach a conclusion.  

We developed a specific index of deprivation, adapted to the local context. This composite 

index takes into account different dimensions of deprivation, and better reflects the 

complexity of deprivation than a single indicator. The index was constructed from principal 

component analysis of census data, a widely used approach for developing such indices[8, 9, 

13, 14, 37]. Internal and external validation (correlations between the index and its 

components, Cronbach’s alpha, correlations with other indices) was satisfactory. Associations 

between cancer incidence and the deprivation index, even if some of them are unusual, have 

plausible explanations in this population. We are therefore confident that our deprivation 

index is appropriate to capture social inequalities in health in the FWI. A weakness of our 

approach however is that some of the IRIS in the FWI are relatively large, and then probably 

heterogeneous with regards to socioeconomic level. Also, an inherent limitation to this type of 

ecological analyses is that we were not able to separate the effects of neighborhood (true 

contextual effects) to the effects of individual socioeconomic status. We have collected data at 

an individual level for a subsample of cases. Further analyses taking into account both 

individual socioeconomic status and the deprivation level of the residence area may help 

interpret the findings.  

The main limitation of the present study is the small number of cases and the consequent lack 

of statistical power. The analysis was restricted to cases recorded in 2009 and 2010, as not all 

cases were geocoded at the IRIS level for the other years. However, these preliminary results 

demonstrate that the approach we used is feasible in the FWI and revealed specific patterns 

regarding socioeconomic inequalities in cancer incidence in this population. Work is ongoing 

to complete the geocoding in the cancer registries databases. Subsequent analyses taking 
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account a longer period of incidence will include a larger number of cases and will allow to 

confirm or infirm some of the suggested associations. At a later stage, it will be possible to 

evaluate time trends in social inequalities in cancer incidence. Finally, cancer registries data 

and the deprivation index will be also used to document social inequalities in cancer survival 

and management, in order to provide a comprehensive picture of social inequalities and 

cancer in the FWI and to help define effective strategies to reduce these inequalities. 
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Table 1. Descriptive statistics of the deprivation index and its components 

  Deprivation category 

  Low Medium High 

Number of IRIS  77 96 104 

Population  260834 271575 267070 

Variables
a
 Correlation

b
 Mean per category 

Unemployed  0.816 20.12 27.3 34.63 

Blue-collar workers  0.797 13.73 20.33 26.63 

Managers  -0.882 8.08 3.45 1.72 

Permanent contracts  -0.617 84.79 81.39 77.24 

No educated  0.882 26.57 38.71 50.99 

Households with no car 0.713 21.89 32.6 41.99 

Primary residences with hot water  -0.839 72.17 57.08 46.59 

Primary residences with air conditioning  -0.665 34.57 22.09 13.75 

     

Deprivation index   -1.28  -0.03 0.97   

a. All variables are percentages 

b. Correlation with the deprivation index 

 

 

 

  



 

Table 2. Association between social deprivation of the residence area and cancer incidence 

 

  Deprivation category 

   Low  Medium  High 

Cancer site Sex N RR [95% CI] N RR [95% CI] N RR [95% CI] 

All cancers  men+women 1664 1 [ref.] 1959 1.11 [0.94; 1.31]
c
 1995 1.04 [0.88; 1.22] 

  men 993 1 [ref.] 1171 1.11 [0.95; 1.31] 1185 1.00 [0.86; 1.18] 

  women 671 1 [ref.] 788 1.10 [0.91; 1.32] 810 1.08 [0.90; 1.30] 

Prostate men 480 1 [ref.] 646 1.25 [1.04; 1.49] 624 1.08 [0.91; 1.29] 

Breast women 220 1 [ref.] 239 1.04 [0.82; 1.32] 264 1.15 [0.90; 1.45] 

Colon-rectum men+women 198 1 [ref.] 219 1.00 [0.78; 1.29] 213 0.91 [0.71; 1.16] 

  men 107 1 [ref.] 114 0.97 [0.71; 1.31] 107 0.81 [0.59; 1.10] 

  women 91 1 [ref.] 105 1.07 [0.78; 1.49] 106 1.00 [0.73; 1.39] 

Stomach men+women 78 1 [ref.] 110 1.27 [0.92; 1.75] 129 1.31 [0.96; 1.78] 

  men 48 1 [ref.] 55 1.04 [0.70; 1.57] 63 1.03 [0.70; 1.54] 

  women 30 1 [ref.] 55 1.64 [1.01; 2.68] 66 1.77 [1.12; 2.89] 

Cervix  women 28 1 [ref.] 31 1.06 [0.60; 1.87] 35 1.13 [0.63; 2.01] 

Lung/Upper aerodigestive 

tract   

men+women 124 1 [ref.] 143 1.11 [0.84; 1.46] 114 0.81 [0.61; 1.09] 

men 87 1 [ref.] 101 1.13 [0.81; 1.60] 86 0.88 [0.62; 1.26] 

  women 48 1 [ref.] 55 1.04 [0.64; 1.72] 63 0.65 [0.38; 1.11] 

N: Number of cases; RR: relative risk, Bayesian modelling after standardization for age and sex; 95%CI: 95% Bayes credible interval  



 

Figure 1. Mapping of the deprivation index. Figure 1a: Guadeloupe; Figure 1b: Martinique 
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Figure 2. Standardized incidence ratios of all cancers combined. Figure 2a: Guadeloupe; Figure 2b: Martinique 
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