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Novelty and impact 

In France, the population attributable fraction (PAF) to smoking for cancers linked to smoking 
increased from 56% among men with the highest socioeconomic position (SEP) to 70% among men 
with the lowest SEP and from 26% to 38% in women. In total, 27.5% of the excess cancer cases in the 
low-SEP groups in men and 43.4% in women could have been avoided if all SEP subgroups smoked as 
those with the highest SEP. This underlines the urgent need to apprehend the socioeconomic 
inequalities in cancer as a consequence of many interrelated determinants. 

Key-words: Tobacco-related cancers, Incidence, Deprivation, PAF, France 

Funding: This work was funded by the French National Cancer Institute (INCa, grant number 2015-002) 

 

Abstract  
Smoking is a major preventable cause of cancers and is increasingly concentrated among the most 

deprived individuals leading to increasing socioeconomic inequalities in the incidence of cancers linked 
to smoking. We aimed to estimate the tobacco-attributable cancer burden according to socioeconomic 

position in France. The analysis was restricted to cancer sites for which tobacco smoking was 
recognized as a risk factor. Cancer cases by sex, age group and European Deprivation Index (EDI) among 

people aged 30–74 between 2006 and 2009 were obtained from cancer registries covering 
approximately 20% of the French population. The tobacco-attributable burden of cancer according to 

EDI was estimated applying the population attributable fraction (PAF) computed with the Peto-Lopez 
method. The PAF increased from 56% in the least deprived EDI quintile to 70% in the most deprived 

EDI quintile among men and from 26% to 38% among women. In total, 28% of the excess cancer cases 
in the four most deprived EDI quintiles in men and 43% in women could be prevented if smoking in 
these 4 EDI quintiles was similar to that of the least deprived EDI quintile. A substantial smoking-

attributable burden of cancer by socioeconomic position was observed in France. The results highlight 
the need for policies reducing tobacco consumption. More comprehensive interventions integrating 

the various dimensions of health determinants and proportionate according to socioeconomic position 
may essentially contribute to the reduction of socioeconomic inequalities in cancer.  
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Introduction 
Smoking is a major preventable cause of morbidity and mortality from cardiovascular disease, chronic 
obstructive pulmonary disease, lung cancer as well as a range of other cancers, peptic ulcer and various 
other medical conditions. In 2010 in France it has been estimated that smoking was responsible for 

about 59,000 deaths in men and 19,000 deaths in women, accounting for 21% and 7% of all deaths 
respectively. A large part of these deaths are due to cancer: 66% in men and 42% in women.1  

Smoking prevalence has remained stable between 2000 and 2016 in France, with 32% of men and 26% 
of women smoking in 2016. But this prevalence is socially distributed, with higher tobacco smoking 

among people from a lower socioeconomic group, and this social gradient in tobacco smoking is 
increasing.2-4 

It has been shown that a higher level of tobacco smoking partly accounted for the higher incidence of 
lung cancer in low socioeconomic groups 5-8 and that the contribution of smoking to relative 

inequalities in lung cancer incidence in France ranged from 22% for men with primary education to 
31% for men with a high school degree when compared with men with a university degree.9 In addition 

to tobacco, other risk factors, such as behavioral, environmental, occupational or psychosocial 
conditions, are likely to contribute to the excess cancer risk in more deprived groups 10. In particular, 

occupational exposures such as asbestos, silica, or formaldehyde, have been shown to explain a non-
negligible part of socioeconomic inequalities in lung 11, 12 and head and neck cancers 13, 14. 
In addition to quantifying the relative contribution of risk factors to socioeconomic inequalities in 

cancer incidence, assessing the absolute number of cancer cases attributable to smoking by 
socioeconomic position (SEP) at a national level is important for policy makers to assess the population 

burden of smoking on social inequalities in cancer. However, such assessment based on national data 
is lacking. 

The aim of this study is to estimate the tobacco-attributable cancer burden according to SEP in France 
by assessing the Population Attributable Fraction (PAF) and the number of cancer cases attributable 

to smoking by SEP at a national level. 

 
Methods 
Data sources 
We used data from cancer registries (Calvados, Côte d’Or, Doubs, Finistère, Gironde, Haute-Vienne, 

Hérault, Isère, Loire-Atlantique, Manche, area of Lille, Bas-Rhin, Haut-Rhin, Saône-et-Loire, Somme, 
Tarn, and Vendée), which represent approximately 20% of the French population. Cancers diagnosed 

among people aged 30-74 between 2006 and 2009 were included. We studied the following cancers 
related to tobacco smoking according to IARC evaluations 15: lip and oral cavity (ICD-10: C00-C08), 
oropharynx (C09-C10, C12-C14), nasopharynx (C11), oesophagus (C15), stomach (C16), colon and 

rectum (C18-C20), liver (C22), pancreas (C25), larynx (C32), trachea, lung and bronchus (C33-C34), 
cervix uteri (C53), ovary (only mucinous cancer, C56), kidney and renal pelvis (C64-C65), urinary 

bladder (C67), acute myeloid leukaemia (C92.0). In the rest of the paper, we will refer to this group of 
cancers as cancers linked to smoking.  
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As no individual socioeconomic characteristic is available in the French cancer registries, SEP was 

assessed using an ecological deprivation index which attributes the level of deprivation of his/her place 
of residence at diagnosis to each case recorded at the registry. We used the French version of the 

European Deprivation Index (EDI), calculated at the smallest geographical scale available (IRIS, about 
2000 inhabitants). The methodology has been described elsewhere.16 Briefly, from the French part of 

the European Union Statistics on Income and Living Conditions (EU-SILC), an individual deprivation 
indicator is first developed from fundamental needs associated in the sample with objective and 

subjective poverty 17, then ecological census variables that are the most closely related to the 
individual deprivation indicator are selected using logistic regressions. A categorical version of the EDI 

(quintiles calculated at the French level, each quintile includes 20% of the IRIS) was used. 
The number of cancer cases was provided by age groups (30-59, 60-74), sex, cancer site and EDI quintile 

(see supplementary table 1 for the number of cancer cases observed over the 2006-2009 and the 
corresponding incidence rates). Due to the small number of cancer cases in some strata, we combined 
all four years 2006 to 2009. Population data by sex, age group and EDI quintile for the years 2006–

2009 were obtained from the French national Statistics Institute.  

 
Calculation of the PAF 
Smoking status was not recorded at the cancer registries. Therefore we used an indirect method to 
assess the population attributable fraction (PAF) of the cancer burden attributable to smoking 

according to SEP. Although the PAF is a powerful and validated tool to assess the burden of smoking, 
this is a relatively parsimonious method. By sex, age group (30-59, 60-74) and EDI quintile, we 

computed the PAF to smoking for each cancer linked to smoking.  The number of cancer cases 
attributable to smoking by EDI quintile was then obtained by multiplying the PAF by the number of 

cancer cases observed over the period 2006-2009. We then combined these figures to obtain the 
overall PAF for the age range 30–74.  

The PAF was computed using the indirect method proposed by Peto-Lopez, which has been specifically 
developed to assess the burden of tobacco smoking on cancer incidence. More information can be 

found elsewhere  18, 19. The indirect method assumes that the lung cancer rates in a specific population 
can be used to approximate the cumulative exposure of tobacco smoking in this population. The PAF 
and the number of cancer cases attributable to smoking are then computed separately for lung cancer 

and for the other cancer sites, using two different formulas.  
The PAF to smoking for lung cancer incidence was calculated by the following formula:  

𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝐴𝐴𝐴𝐴𝐴𝐴𝑁𝑁𝑁𝑁 ∗ 𝑃𝑃

𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  

 

𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 is the number of observed lung cancer cases in France by sex, age group and EDI quintile. 

ASRNS is the lung cancer incidence rate among never-smokers. It was obtained from the EPIC study by 

sex and age group (30-59, 60-74) 20. This information was not available by EDI quintile, so we used the 
same incidence rates among never smokers in all EDI quintiles. P is the observed population size in 

France by sex, age group and EDI quintile.  
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For the other cancers linked to smoking, the traditional PAF formula from Levin was used, as incidence 

rates in never-smokers are not known and the associations with smoking are not as strong as that for 
lung cancer: 21 

𝑃𝑃𝑃𝑃𝑃𝑃 =
𝑝𝑝𝑠𝑠(𝑅𝑅𝑅𝑅 − 1)

1 + 𝑝𝑝𝑠𝑠(𝑅𝑅𝑅𝑅 − 1) 

ps is a proxy for smoking prevalence in the French population. This proxy reflects the average 

cumulative exposure to smoking in the population. Assuming the relative risks (RR) of the EPIC study 
22 apply to the French population, ps is the smoking prevalence that would have been necessary to 

produce the observed lung cancer incidence in France.  
ps (by sex, age group and EDI quintile) can be expressed as 

𝑝𝑝𝑠𝑠 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
�1−𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙��𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙−1�

 18 

 
The adjusted RRs quantified the association between current smoking and cancer incidence for specific 

cancer sites. The RRs differed by sex and cancer site, but they were the same for all age groups and 
EDI quintiles. They were obtained from the EPIC study and were adjusted for age, education, body 

mass index, physical activity, alcohol consumption, total energy intake and consumption of fruits and 
vegetables 22. 

The PAFs by cancer site, age group, sex and EDI quintile are presented in supplementary table 2. 

 
Measure of inequalities in cancer incidence 
We quantified the contribution of smoking to socioeconomic inequalities in cancer incidence at the 
national level. All calculations were performed separately for men and women and by age group (30-

59, 60-74). We calculated the total number of cancers linked to smoking by EDI quintile by multiplying 
the observed incidence rates (IR) with the national population figures (average of the years 2006-

2009). Using the PAF, we also computed the number of cancer cases attributable to smoking by EDI 
quintile.  
We considered three hypothetical situations: i) no one ever smoked; ii) the four lower EDI quintiles 

smoked as the least deprived EDI quintile; iii) and the four lower EDI quintiles had the same IRs as the 
least deprived EDI quintile. The hypothetical situation i) provided an estimate of the maximal reduction 

in cancer IR that would be observed if smoking could be totally eliminated. To assess the quantitative 
burden of smoking on the observed socioeconomic inequalities in cancer incidence in France, we then 

computed the number of cancer cases that could be prevented in the hypothetical situations ii) and 
iii). The ratio between the cases prevented in these two hypothetical situations provides an estimate 

of the potential reduction in cancer burden if inequalities in smoking were to be eliminated. Details for 
the calculation are available in appendix. 

 

Results 
In France, the observed number of cancers linked to tobacco smoking increased with decreasing SEP 

and was especially high in the most deprived EDI quintile, as the result of both higher IR and larger 
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population size (about 27% both in men and women) in this group (Table 1). The PAF to smoking 

increased with decreasing SEP from 56% in men living in the least deprived neighborhoods to 70% in 
men living in the most deprived neighborhoods and from 26% to 38% in women. The higher PAFs 

observed in men than in women mirror the higher burden of smoking in men. The PAFs differed by age 
group. Among men and women, the PAF was higher in the younger age groups i.e. 30-59 years. The 

age difference was pronounced in the more deprived EDI quintiles whereas the PAFs were almost 
identical in both age groups in the least deprived EDI quintile. The number of cancers attributable to 

smoking was substantially higher in men (42,613) than in women (9,376) and was highest in the age 
group 60-74 in men and in the age group 30-59 in women. 

IRs by EDI quintile are presented in Figure 1. Both in men and women, IRs for cancers linked to tobacco 
smoking increased with decreasing SEP. If no one had ever smoked, the IRs would hardly differ by EDI 

quintile. However, IRs would be only slightly reduced if the four lower EDI quintiles smoked as the least 
deprived EDI quintile. The socioeconomic gradient would nevertheless still be observed.  
Tables 2 and 3 assess the contribution of smoking to socioeconomic inequalities in cancer incidence at 

the national level. If the four lower EDI quintiles had the same IRs as the least deprived EDI quintile, 
8,687 cancers cases in men and 2,737 in women could be prevented (Table 2).  If the four lower EDI 

quintiles smoked as the least deprived EDI quintile, 2,388 cancer cases in men and 1,187 cancer cases 
in women could be prevented, most of them in the age group 30-59. Thus, if inequalities in smoking 

were eliminated, the excess cancer cases in the 4 most EDI quintiles would be reduced by 27.5% 
(2,388/8,687) in men and 43.4% (1,187/2,737) in women. The proportions did not differ by sex in the 

age group 60-74 (around 30%), but was much higher in women than in men in the age group 30-59 
(48.1% versus 26.3%).  

The proportion of cancers linked to tobacco smoking that could be prevented if all the population 
smoked like the least deprived EDI quintile increased with decreasing EDI quintile, and was higher in 

the younger age group. If in the most deprived EDI quintile smoked like the least deprived EDI quintile, 
10% of cancer cases in men and 13% in women could be prevented in the least deprived EDI quintile 

in the age group 30-59 compared to 5% in men and women in the age group 60-74 (Table 3). 
 

Discussion 
Summary of main findings 
We investigated the tobacco-attributable cancer burden according to SEP in France using the PAF 

methodology. This is a relatively crude method and the results should therefore not be interpreted as 
exact values but rather considered order of magnitude. Our results showed that if socioeconomic 

inequalities in smoking were removed, a significant part of the excess number of cancer cases in the 4 
most deprived EDI quintiles both in men and women would be saved. Indeed, 27.5% of the excess 

cancers cases in the 4 most deprived EDI quintiles in men and 43.4% in women could be prevented if 
smoking in these 4 EDI quintiles was similar to that of the least deprived EDI quintile. However, smoking 

only partly explained socioeconomic inequalities in the incidence of cancers linked to smoking, in 
particular in men.  
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Interpretation of the results 

The diffusion of smoking within the population follows a process that has been described as the 
smoking epidemic.23, 24 Over the whole process, smoking progressively becomes more concentrated 

among socially deprived groups and this tends to happen first in men and then in women. The 
contribution of smoking in socioeconomic inequalities in health increases as the smoking epidemic 

progresses into its final stage. Countries that are at an earlier stage of the smoking epidemic such as 
France, Italy or Spain will have a smaller contribution of smoking to socioeconomic inequalities than 

countries that are at the most advanced stage such as North America, Nordic European countries, the 
UK, and the Netherlands.4, 25 Consistent with the evolution of the smoking epidemic, we observed an 

increase in PAF to smoking by decreasing SEP that was more pronounced in the younger age group 
(30-59), especially in women. Our results, in accordance with the literature, confirm that women in 

France have only recently reached the last stage of the smoking epidemic.  
We estimated that if people in the most deprived EDI quintile had the same tobacco smoking 
prevalence as those in the least deprived EDI quintile, 10% of cancers linked to smoking in men and 

13% in women in the younger age group could have been prevented. The respective figures for the 
older age group (60-74) were 5%. In a previous paper on socioeconomic inequalities in smoking-related 

mortality during the 2000s, Kulik et al showed that if everybody smoked like tertiary educated, relative 
inequalities in lung cancer mortality would be reduced by 10% among French men and by 17% among 

French women for lung and laryngeal cancer. In total, 6% of lung and laryngeal cancer deaths among 
French men with up to lower secondary education and 2.5% among French women with up to lower 

secondary education could be avoided. The percentage was much higher in the UK (30% and 23%).25 
Consistent with the literature 5-8, 12 smoking only partly explained socioeconomic inequalities in the 

incidence of cancers linked to tobacco smoking. Several hypotheses could explain these remaining 
inequalities. Occupational exposures to carcinogens have a high burden on lung, head and neck and 

bladder cancers especially in men. This is related in particular to higher exposure to asbestos, diesel 
engine exhaust and silica 26. Studies have shown a substantial contribution of occupational exposures 

to socioeconomic differences in lung and head and neck cancer incidence.9, 13, 14, 27 As these exposures 
are disproportionately concentrated in male occupations, this could partly account for the sex 
difference observed in our data. Other risk factors may also partly account for the higher incidence of 

cancers linked to tobacco smoking among the low socioeconomic groups because they are more 
prevalent in these groups (e.g. poor diet or physical inactivity) and/or because, the same level of 

exposure may be more harmful in these groups (e.g. air pollution).28-32 These risk factors may also 
interact, leading to a larger cancer risk in the low socioeconomic groups. 

 
Strengths and limitations 
Our estimates are based on population-based cancer registries data and therefore do not suffer from 

selection bias, known to be associated with people’s SEP. We investigated incidence data over the 
period 2006-2009 because incidence data have not been geocoded for more recent years. The 

methodology used required lung cancer incidence rates among never smokers by age groups. As these 
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rates were based on very small numbers in the age group 75+ and consequently not reliable, the 

analyses were restricted to people aged below 75. 
In France, cancer registries do not record information on individual SEP. We therefore used an 

ecological deprivation index. Although this index was computed at the smallest geographical area 
available, our results may suffer from an ecological bias.33 The magnitude of the socioeconomic 

inequalities in health is smaller when SEP is measured with an ecological deprivation index rather than 
with an individual indicator. Sensitivity analyses using another deprivation index (FDep) 34 yielded close 

results among men. Among women, the results differed in the oldest age group, with no association 
between PAF and SEP without any clear explanation for these discrepancies. 

The RRs quantifying the relation between smoking and cancer incidence were obtained from the EPIC 
data, and we assumed that these applied to France.35 This assumption was necessary for practical 

reasons, as there are no high-quality literature reviews on the impact of smoking on cancer incidence 
for France. Nevertheless, there is an increasing body of evidence stating that, when the exposure is 
measured similarly, the RRs are similar across populations in different world regions.36 Additionally, 

the relative risks were assumed to be the same for all EDI quintiles. There is nevertheless an increasing 
body of literature suggesting that socioeconomic factors are biologically embodied and associated with 

different levels of epigenetic markers that in turn may be associated with a higher risk of diseases 
including cancer in the lower SEP.37, 38 It is thus possible that the effect of the same level of tobacco 

smoking on cancer incidence may be higher in lower socioeconomic groups and that we slightly 
underestimated the number of cancer cases attributable to smoking in the more deprived EDI 

quintiles. 
In our analyses, we used lung cancer IRs and RRs of cancer incidence associated with smoking from the 

European EPIC cohort because of the large differences in the smoking epidemic between the US and 
France. Sensitivity analyses using data from the CPS-II American survey as in the original publication 

presenting the Peto-Lopez method led to very similar conclusions.  
The PAF calculations based on the indirect method do not require information on smoking in the 

population, but instead use the absolute lung cancer rates as a proxy of lifetime smoking in the 
population. Therefore, they do not suffer from reporting bias for tobacco smoking. However the 
lifetime smoking exposure in the population is derived from lung cancer incidence, and then applied 

to the other cancer sites, whereas this may not be the most relevant measure on tobacco smoking 
(and its pattern) for all cancer sites. In addition, this method assumes that lung cancer incidence among 

non-smokers is fairly small and roughly constant across populations; and hence the incidence (or 
mortality) rates of lung cancer in a specific population are largely determined by the cumulative 

exposure of this population to tobacco smoking. These assumptions generally hold in high income 
populations where lung cancer is rare among non-smokers even in polluted areas. Even radon and 

asbestos may cause only a small absolute risk among those who have never smoked.19 However, 
people with a low SEP are more likely to be exposed to other lung cancer carcinogens, namely 

occupational exposures that are concentrated in manual workers in particular for men, and we 
therefore cannot rule out that the use of the same lung cancer IR among never smokers for all EDI 
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quintiles let to a slight overestimation of the role of smoking in socioeconomic inequalities in cancer 

incidence. 

 
Perspectives and conclusion 
We observed a substantial burden of smoking in socioeconomic inequalities in cancer incidence in 
France. Our results by age group, consistently with the available literature on socioeconomic 

differences in smoking by birth cohort,4 showed that this burden is going to dramatically increase in 
the most deprived groups in the coming years and even decades, especially among women. Our results 

thus highlight the need for policy efforts to reduce smoking in France in particular in the low 
socioeconomic groups. The time lag between smoking and cancer onset is of several decades for most 

cancers linked to tobacco smoking (lung, head and neck, pancreas, bladder, kidney) 39. Therefore, any 
decrease in smoking would not affect cancer incidence before at least 20 years. However, other health 

outcomes such as cardiovascular and respiratory diseases would immediately benefit from a decrease 
in smoking. 
Several tobacco control policies have been implemented in France during the last decade, in particular 

a gradual price increase since 2000, France now ranking as the European country with the third highest 
tobacco price (after UK and Ireland). Although the literature suggests that price increase is the most 

efficient tobacco control policy to decrease socioeconomic inequalities in smoking,40-42 this issue is still 
heavily discussed 43-47 and the observed trends in smoking rates by SEP in France 2, 4 showed that such 

strategies largely failed to reduce both smoking rates and social inequalities in smoking. The tobacco 
control strategies implemented so far mostly focused on modifying individual behaviors. Policies, 

prevention campaigns and intervention 48 should be implemented in a more comprehensive 
framework and address the social conditions and determinants where behaviors are rooted.49 Given 

the dramatic increase in educational differences in smoking in France among younger generations, 
such policies are urgently needed to limit the burden of smoking in socioeconomic inequalities in 

health in the future. In addition, our results show that smoking only partly explains socioeconomic 
inequalities in the incidence of cancer linked to tobacco smoking. This underlines the urgent need to 

apprehend the socioeconomic inequalities in cancer as the consequences of many interrelated 
determinants socially unequally distributed such as behavioral, occupational, environmental and 
housing exposures, to reduce social inequalities in cancer.  
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Figure 1: Incidence rates (per 100,000 person-years) for cancers linked to tobacco smoking* by sex (A. 

men, B. women) and European Deprivation Index (EDI) quintile in different hypothetical situations 
regarding tobacco smoking (black: current situation, striped: no one has ever smoked, grey: the four 

lower EDI quintiles smoked as the least deprived EDI quintile) 2006-2009 

 

 
* cancers linked to tobacco smoking include the following cancer sites: lip and oral cavity (ICD-10: C00-
C08), oropharynx (C09-C10, C12-C14), nasopharynx (C11), oesophagus (C15), stomach (C16), colon and 
rectum (C18-C20), liver (C22), pancreas (C25), larynx (C32), trachea, lung and bronchus (C33-C34), 
cervix uteri (C53), ovary (only mucinous cancer, C56), kidney and renal pelvis (C64-C65), urinary 
bladder (C67), acute myeloid leukaemia (C92.0) 



Table 1: Number of cancers linked to tobacco smoking (Nobs), Population attributable fractions (PAF) 

to smoking and number of cancers attributable to smoking (Natt) by age group, sex and EDI quintile. 
France, average annual figures over the period 2006-2009 

 

 30-59   60-74   30-74  

EDI quintile Nobs PAF Natt  Nobs PAF Natt  Nobs PAF Natt 

MEN            

1 (least 
deprived) 3827 56 2143  6252 57 3564  10079 56 5644 

2 4344 61 2650  6901 57 3934  11245 59 6635 

3 4690 64 3002  7403 61 4516  12093 62 7498 

4 5045 66 3330  8327 64 5329  13372 65 8692 

5 (most 
deprived) 8921 73 6512  11284 68 7673  20205 70 14144 

Total 26827  17637  40167  25016  66994  42613 

WOMEN            

1 (least 
deprived) 2047 26 532  2335 26 607  4382 26 1139 

2 2180 30 654  2630 28 736  4810 29 1395 

3 2450 33 809  2854 23 656  5304 28 1485 

4 2739 38 1041  3429 31 1063  6168 34 2097 

5 (most 
deprived) 4197 43 1805  4381 33 1446  8578 38 3260 

Total 13613  4841  15629  4508  29242  9376 

EDI : European Deprivation Index, quintiles were computed among all French neighborhoods 
Natt = Nobs x PAF / 100 

 
 

 



Table 2: Number of cancers linked to tobacco smoking that could be prevented under different 

scenarios by age group and sex. Estimation at the French national level, annual average figures over 
the period 2006-2009 

 30-59 60-74 30-74 

MEN    
Scenario 1: All the population had the same IR as 

the least deprived EDI quintile 
5131 3556 8687 

Scenario 2: All the population smoked like the least 

deprived EDI quintile 
1348 1040 2388 

Proportion of all cancers preventable under 

scenario 1* 
26.3 % 29.3 % 27.5 % 

WOMEN    

Scenario 1: All the population had the same IR as 
the least deprived EDI quintile 

1927 810 2737 

Scenario 2: All the population smoked like the least 
deprived EDI quintile 

926 261 1187 

Proportion of all cancers preventable under 
scenario 1* 

48.1 % 32.2 % 43.4 % 

* Computed as follows: 26.3% = 1348 / 5131 

Details for the calculations are available in the appendix 

 



Table 3: Proportion of cancers linked to tobacco smoking that could be prevented if all EDI quintiles 

smoked like the least deprived EDI quintile, by sex, age group and EDI quintile. Estimation at the French 
national level, annual average figures over the period 2006-2009 

EDI quintile 30-59 60-74 30-74 
MEN    
1 (least deprived) 0 % 0 % 0 % 
2 2.5 % 0.3 %  1.1 % 
3 4.4 % 2.1 % 3.0 % 
4 5.0 % 3.4 % 4.0 % 
5 (most deprived) 9.9 % 5.5 % 7.4 % 
WOMEN    
1 (least deprived) 0 % 0 % 0 % 
2 3.0 % 1.1 % 1.9 % 
3 5.9 % -2.3 % 1.3 % 
4 9.3 % 3.4 % 5.8 % 
5 (most deprived) 13.3 % 4.8 % 8.7 % 

A negative percentage means that more cancers would be observed if all EDI quintiles smoked like the 
least deprived EDI quintile 
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1. Computation of the incidence rates (IR) 

The incidence rates were computed by age group, sex and socioeconomic position (as measured with 
the European deprivation index (EDI) in quintiles). All incidence rates are computed by age group, sex 
and EDI quintile. 

 

1.1. Observed incidence rate 

For each EDI quintile i, IRobs_EDI=i = Nobs_EDI=i / PopuEDI=i 

Nobs_EDI=i corresponds to the number of cancer cases observed over the period 2006-2009 in the area 
covered by a cancer registry. The figures are presented in Supplementary table 1.  

PopuEDI=i is the population living in the area covered by a cancer registry over the period 2006-2009. 

 

1.2. Incidence rate that would be observed if no one ever smoked 

For each EDI quintile i, IRno smoking_EDI=i = Nno smoking_EDI=i / PopuEDI=i 

Nno smoking_EDI=i corresponds to the number of cancer cases that are not attributable to tobacco smoking 
and is computed as follows: Nno smoking_EDI=i = Nobs_EDI=i – AEDI=i, with: 

• Nobs_EDI=i = number of cancer cases observed over the period 2006-2009 in the area covered by 
a cancer registry 

• AEDI=i = number of cancer cases attributable to smoking over the period 2006-2009 in the area 
covered by a cancer registry 
AEDI=i = Nobs * PAF 
We use the age, sex and EDI quintile-specific PAF. 

PopuEDI=i is the population living in the area covered by a cancer registry over the period 2006-2009. 

 

1.3. Incidence rate that would be observed if all EDI quintiles smoked like the least deprived EDI 
quintile 

For each EDI quintile i, IRexcess smoking_EDI=i = Nexcess smoking_EDI=i / PopuEDI=i 

Nexcess smoking_EDI=i corresponds to the number of cancer cases that would be observed if all EDI quintiles 
smoked like the least deprived EDI quintile and is computed as follows: Nexcess smoking_EDI=i = Nobs_EDI=i - 
NexcessEDI=i, with: 



• Nobs_EDI=i = number of cancer cases observed over the period 2006-2009 in the area covered by 
a cancer registry 

• Nexcess_EDI=i corresponds to the number of cancer cases due to higher smoking in each of the 
four lower EDI quintile when compared to the least deprived EDI quintile and is computed as 
follows: Nexcess_EDI=i = AEDI=i – BEDI=i , with: 

o AEDI=i = number of cancer cases attributable to smoking over the period 2006-2009 in 
the area covered by a cancer registry 
AEDI=i = Nobs_EDI=i * PAFEDI=i 
We use the age, sex and EDI quintile-specific PAF. 

o BEDI=i = number of cancer cases attributable to smoking if all EDI quintiles smoked like 
the least deprived over the period 2006-2009 in the area covered by a cancer registry 
If all EDI quintiles smoked like the least deprived EDI quintile, then the PAF to smoking 
in all EDI quintiles would equal that observed in the least deprived EDI quintile. 
BEDI=i = Nobs_EDI=i * PAFEDI=1 
We use the age and sex-specific PAF of the least deprived EDI quintile (EDI = 1) for all 
EDI quintiles. 

Nexcess smoking_EDI=i is computed by age group, sex and EDI quintile. 

PopuEDI=i is the population living in the area covered by a cancer registry over the period 2006-2009. 

 

2. Computation of the number of cancer cases at the national level 

The IR computed above are multiplied by the average yearly population living in France over the period 
2006-2009 (Popu_FranceEDI=i). 

 

2.1.  Number of cancer cases that could be prevented if the 4 most deprived EDI quintiles had the 
same incidence rates as the least deprived EDI quintile.  

EDI 
quintile 

Number of cancer cases 
observed in France 

Number of cancer cases 
that would be observed in 

France if all EDI quintiles 
had the same IR as the least 

deprived EDI quintile 

Number of cancer cases 
that could be 

prevented if all EDI 
quintiles had the same 

IR as the least deprived 
EDI quintile 

 (1) (2) (1) – (2) 

1 IRobs_EDI=1 * Popu_FranceEDI=1 IRobs_EDI=1 * 

Popu_FranceEDI=1 

0 

2 IRobs_EDI=2 * Popu_FranceEDI=2 IRobs_EDI=1 * 
Popu_FranceEDI=2 

Nprevented_EDI=2 

3 IRobs_EDI=3 * Popu_FranceEDI=3 IRobs_EDI=1 * 
Popu_FranceEDI=3 

Nprevented_EDI=3 

4 IRobs_EDI=4 * Popu_FranceEDI=4 IRobs_EDI=1 * 
Popu_FranceEDI=4 

Nprevented_EDI=4 



5 IRobs_EDI=5 * Popu_FranceEDI=5 IRobs_EDI=1 * 
Popu_FranceEDI=5 

Nprevented_EDI=5 

 
Nprevented =  Nprevented_EDI=2  + Nprevented_EDI=3 + Nprevented_EDI=4  + Nprevented_EDI=5 

 
2.2. Number of cancer cases that could be prevented if the 4 most deprived EDI quintiles smoked 

the least deprived EDI quintile.  

EDI 

quintile 

Number of cancer cases 

observed in France 

Number of cancer cases that would 

be observed in France if all EDI 
quintiles smoked like the least 

deprived EDI quintile 

Number of cancer 

cases that could 
be prevented if all 

EDI quintiles 
smoked like the 

least deprived EDI 
quintile 

 (1) (2) (1) – (2) 

1 IRobs_EDI=1 * Popu_FranceEDI=1 IRexcess smoking_EDI=1 * Popu_FranceEDI=1 0 

2 IRobs_EDI=2 * Popu_FranceEDI=2 IRexcess smoking_EDI=2 * Popu_FranceEDI=2 Nprevented smoking_EDI=2 

3 IRobs_EDI=3 * Popu_FranceEDI=3 IRexcess smoking_EDI=3 * Popu_FranceEDI=3 Nprevented smoking_EDI=3 

4 IRobs_EDI=4 * Popu_FranceEDI=4 IRexcess smoking_EDI=4 * Popu_FranceEDI=4 Nprevented smoking_EDI=4 

5 IRobs_EDI=5 * Popu_FranceEDI=5 IRexcess smoking_EDI=5 * Popu_FranceEDI=5 Nprevented smoking_EDI=5 

 

Nprevented smoking =  Nprevented smoking _EDI=2  + Nprevented smoking _EDI=3 + Nprevented smoking _EDI=4  + Nprevented smoking _EDI=5 
 

3. Assumptions taken and potential impact on the results 

Computation of the PAF for lung cancer 

Assumption: The same lung cancer incidence among non-smokers is observed in all EDI quintiles, hence 

incidence rates of lung cancer in a specific population are largely determined by the cumulative 
exposure of this population to tobacco smoking.   

Potential impact on the results: Incidence rates among never smokers may be higher among people 
with a low SEP, because they are more likely to be exposed to other lung cancer carcinogens, namely 

occupational exposures that are concentrated in manual workers in particular for men. 
Therefore, we may have slightly overestimated the PAF for lung cancer in the lower EDI quintiles. 

 

Computation of the PAF for the other cancers linked to smoking 

Assumption: The RRs quantifying the relation between smoking and cancer incidence were assumed 
to be the same for all EDI quintiles. There is nevertheless an increasing body of literature suggesting 

that socioeconomic factors are biologically embodied and associated with different levels of epigenetic 
markers that in turn may be associated with a higher risk of diseases including cancer in the lower SEP.  



Potential impact on the results: It is thus possible that the effect of the same level of tobacco smoking 

on cancer incidence may be higher in lower socioeconomic groups and the RR may be higher in the 
lower EDI quintiles. 

Therefore, we may have underestimated the PAF in the lower EDI quintiles. 
 

Computation of the final combined PAF for all cancers linked to smoking 
There is both an overestimation of the PAF for lung cancer and an underestimation of the PAF for the 

other cancers linked to smoking. It is therefore impossible to say if the final combined PAF for all 
cancers linked to smoking was overestimated or underestimated in the lower EDI quintiles. 

In any case, the least biased PAF will be that computed in the least deprived EDI quintile. 
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