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Abstract  

Purpose: We investigated the magnitude of educational differences in lung and upper aero 

digestive tract (UADT) cancer mortality in France from 1990 to 2007.  

Methods: The analyses were based on census data from a representative sample of the French 

population. Educational level was used as the indicator for socioeconomic status. Educational 

differences in mortality from lung and UADT cancer were calculated among people aged 30-

74 and by birth cohort. Two periods were compared: 1990-1998 and 1999-2007. Mortality 

rates, hazard ratios and relative indices of inequality (RII) were computed. Results: We found 

higher lung and UADT cancer mortality among those with less education. Inequalities in male 

UADT cancer mortality remained stable over time (RII1990-1998=0.21 (95% Confidence 

Interval 0.15-0.29); RII1999-2007=0.17 (0.11-0.26)) whereas inequalities in lung cancer 

mortality increased among the younger men (RII1990-1998=0.48 (0.28-0.83); RII1999-2007=0.16 

(0.09-0.31)). Among women, inequalities in lung cancer mortality became apparent during the 

second period with higher mortality among those with less education. This trend was 

exclusively driven by the younger women, among whom inequalities reached about the same 

magnitude as among younger men (RII1999-2007=0.21 (0.08-0.56)).  

Conclusions: UADT cancer mortality rates strongly decreased over time for every 

educational level. This implies that the burden of health associated with socioeconomic 

inequalities in UADT cancer mortality decreased substantially. Inequalities in lung cancer 

mortality are increasing among the younger generation and are expected to increase even 

more. Differences in magnitude of inequalities among men and women may disappear in the 

coming decades. 

 

Keywords: lung neoplasms mortality, head and neck neoplasms mortality, education, social 

class and France. 
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Introduction 

In Europe lung cancer is the leading cause of cancer related mortality accounting for 

one-fifth of cancer related deaths, equal to 342 100 deaths a year. Upper aero digestive tract 

(UADT) cancer, accounts for 3.7% of all cancer deaths. Higher lung cancer mortality rates are 

found among men from Southern, Central and Eastern European countries and among women 

from the Northern European countries [1]. Over the last two decades, lung cancer mortality 

rates have been declining among men and women in Europe [2] although rates are still 

increasing among women from Spain, France and the Netherlands [3]. UADT cancer 

mortality rates among men are highest in Central and Eastern Europe. These mortality rates 

show a decrease over time which is especially steady in France where extremely high rates 

were observed in the past. Among women UADT cancer mortality rates have been relatively 

low for all European countries and stable over time [1, 4]. 

Lung and UADT cancer mortality has been shown to be related to socioeconomic 

status. Higher lung cancer mortality rates have been found in low socioeconomic groups 

among men from the Northern and Southern European countries and among women from the 

northern European countries. Among women from the Southern European countries such as 

Spain or Italy, higher rates among higher socioeconomic groups have been observed [5, 6]. In 

France, during the 1990s, educational differences were reported in favor of the higher 

educated men. No differences were observed among women, showing an intermediate 

position between Northern and Southern European countries [7]. For UADT cancer, higher 

mortality rates were found among lower educated men in all countries, especially in Slovenia, 

France and Switzerland and among lower educated women in Switzerland, France and the 

Nordic countries [7].  

Although important changes in mortality rates have been observed during the last 

decades, literature on trends in socioeconomic inequalities in lung and UADT cancer 
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mortality is sparse in Europe. Recent trends in lung cancer mortality in Barcelona, Spain,  

showed stable inequalities over time for men and women from 1992 to 2003, with higher risk 

among lower educated men and among higher educated women [8]. In France, inequalities in 

lung cancer mortality among men increased in the late seventies and stabilized after that until 

1996. For UADT cancer, inequalities in mortality increased steeply from 1968 until 1996 [9]. 

For the period from 1996 onwards, no information is available. In addition, trends in 

socioeconomic inequalities in lung and UADT cancer mortality among women in France are 

lacking, as the incidence for these neoplasms was low before the 1990s. 

The aim of this study was to compare the educational differences in lung and UADT 

cancer mortality in France for the periods from 1990 to 1998 and 1999 to 2007. Identifying 

groups that are at greater risk of dying of lung and UADT cancer can help with the 

development of effective prevention strategies.  
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Methods 

Data 

The data were obtained from a representative sample of the French population 

Echantillon Démographique Permanent (EDP) created by the French National Institute of 

Statistics  (INSEE) containing about 1% of the population. The sample includes all persons 

born on any one of four specific calendar dates in any year and is regularly updated to include 

new subjects with any of these birthdays. Data are updated at each successive census. We 

excluded people born outside of mainland France because their vital status was not adequately 

recorded. We studied two periods: 1990-1998 and 1999-2007. Each period started at a census 

and included all people aged 30-74 at census. People were followed until 31/12/1998 for the 

first period, 31/12/2007 for the second period, death or their 75
th

 birthday, whichever occurred 

first. 

Causes of death were obtained by linkage with the French national death registry 

(CepiDc, INSERM). The causes of death were identified for over 99% of the deceased. The 

underlying causes of death were classified according to the International Classification of 

Diseases, Ninth Revision (ICD-9) for the years 1990-1999 and the International Classification 

of Diseases, Tenth Revision (ICD-10) for the years 2000-2007.  The ICD code for lung cancer 

was 162 in ICD-9 and C33-34 in ICD-10. The ICD code for UADT cancer (lip, oral cavity, 

pharynx and larynx cancer) was 140-149 and 161 in ICD-9 and C00-14 and C32 in ICD-10 

[10]. Self-reported level of education at census was used as the indicator for socioeconomic 

status and categorized in five groups: 1. no diploma, 2. primary education (6-8 years of 

education (yrs)), 3. lower secondary or upper secondary vocational education (9-11 yrs) , 4. 

upper secondary education (12 yrs) and 5. tertiary education (more than 12 yrs). The 

participants with missing values on education were excluded, 156 (0.06%) in 1990 and  16224 
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(5.76%) in 1999. The analyses included 120 307 men and 130 980 women in the first period 

and 127 843 men and 137 833 women in the second period.  

 

Analyses 

 Analyses were performed for men and women separately. Lung and UADT cancer 

mortality were used as the primary outcomes. Age standardized mortality rates (MR) were 

computed with direct standardization, using the distribution of person years among the whole 

sample (including both periods) as standard. Educational differences in mortality were 

quantified using hazard ratios (HR) computed with Cox regression models, with age as the 

time scale variable and using no diploma as the reference group. In addition, to estimate the 

relative inequalities, we computed the relative index of inequality (RII) using Cox regression 

models. The calculation of the RII is based on a ranked variable for education, which specifies 

for each educational group the mean proportion of the population with a lower level of 

education. For example the rank of the lowest educational group is calculated as half the 

proportion of the population in the lowest educational group. The rank of the second lowest 

educational group is calculated as the proportion of the population with the lowest education 

plus half of the proportion of the population with the second lowest education level. The RII 

is then computed by regressing the mortality on this ranked variable. Thus, the RII expresses 

inequality in the whole socioeconomic continuum and can be interpreted as the ratio of 

mortality rates between the two extremes of the educational hierarchy. It deviates further from 

1 as the educational inequalities in the study population widen. A RII below 1 indicates a 

negative association between education and mortality with higher mortality rates among 

people with less education. A RII above 1 indicates a positive association with higher 

mortality among those with a higher education. As it takes into account the size and the 



 7 

relative position of the different educational groups it is well adapted to compare populations 

with differing educational distributions [11, 12].   

Within the two periods, analyses were first conducted for the complete samples and 

then by birth cohort. For each period, two birth cohorts were created. A priori, we did not 

have a hypothesis regarding a specific cutoff point, thus the population was divided in 

approximately two equal groups. In the first period, the younger birth cohort contained people 

born between 1942 and 1959 and the older birth cohort contained people born before 1942. In 

the second period the cohorts contained people born between 1951 and 1968 and before 1951. 

Analyses were performed using SAS 9.1 and STATA 10.0.  
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Results 

The level of education was lower among women than among men in the two periods, 

but it increased for both men and women between 1990-1998 and 1999-2007 (Table 1). The 

proportion of the population without a diploma decreased from 22% to 16% for men and from 

25% to 17% for women. Conversely, the population with lower or upper secondary vocational 

education and tertiary education increased. The proportion of people with upper secondary 

education remained stable over time. The same trend and pattern was observed within the two 

birth cohorts. In general, the educational level was lower in the older birth cohort.  

 

Men  

Among men we found clear negative associations between education and mortality for 

both periods, which were more pronounced for UADT than for lung cancer mortality (Table 

2). When compared with men with no education, the risk of dying from UADT cancer 

decreased by 27% (HR = 0.73 (95% Confidence Interval 0.61-0.89)) among men with 

primary education and by 88% (HR = 0.12 (0.07-0.21)) among men with tertiary education in 

the first period. The RII for UADT cancer mortality remained stable over time (RII1990-

1998=0.21 (0.15-0.29); RII1999-2007=0.17 (0.11-0.26)). Lung cancer showed a slightly different 

pattern as the association between education and lung cancer mortality was clearer in the 

second period. The RII decreased from 0.49 (0.39-0.61) in the first period to 0.41 (0.32-0.52) 

in the second period, but this change was not statistically significant (p=0.28). 

Furthermore, inequalities in lung cancer mortality increased over time from 0.48 

(0.28-0.83) to 0.16 (0.09-0.31) among the younger men (p=0.01), but not for the older men 

(Table 3).  
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Women  

Among women , there was no clear association between lung cancer mortality and 

education, in the first period (Table 2). In the second period, an association was found with a 

reduced risk among women with tertiary education (HR = 0.47 (0.28-0.81)) when compared 

to women without education. In addition a change in RIIs was observed for lung cancer 

mortality between the two periods from 1.20 (0.65-2.22) to 0.67 (0.41-1.09), although not 

statistically significant (p=0.15) (Table 2). For UADT cancer, a negative association was 

suggested in both periods.  

No educational differences were observed in lung cancer mortality among older 

women in both periods. In contrast, the RIIs for younger women changed from 0.60 (0.18-

2.05) in the first period to 0.21 (0.08-0.56) in the second period, showing a clear negative 

association in the second period. However, this change in educational inequalities did not 

reach statistical significance (p=0.19) (Table 3). In both periods, the RIIs for UADT cancer 

mortality were similar in the two birth cohorts (RII1990-1998, younger cohort =0.34 (0.06-1.83); 

RII1999-2007 younger cohort =0.41 (0.08-2.15) and RII1990-1998 older cohort=0.39 (0.10-1.53); RII1999-2007 

older cohort=0.45 (0.16-1.27)). 
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Discussion  

This study focused on the magnitude of relative educational differences in lung and 

UADT cancer mortality in France between 1990-1998 and 1999-2007. Different results 

among men and women were found. For men lung and UADT cancer mortality were 

negatively associated with education. Inequalities in lung and UADT cancer mortality were 

stable over time among men aged 30-74. However, inequalities for lung cancer mortality 

among younger men increased. For women no clear association between education and lung 

cancer mortality was observed in the first period. In the second period a negative association 

was found. These inequalities were restricted to the younger women. No inequalities were 

reported in the older women in both periods. In addition, UADT cancer mortality showed 

higher rates among less educated women.  

 

Educational differences in smoking consumption account for a large part of 

educational differences in lung cancer mortality [13, 14]. Thus the inequalities we found in 

lung cancer mortality can be partly explained by socioeconomic differences in smoking 

during the smoking epidemic.  

The habit of smoking usually spreads through a population in four stages. During stage 1 

smoking is mainly a habit of men with a higher socioeconomic status. In stage 2 smoking 

becomes more common. The rates among men peak and become equal among the different 

socioeconomic groups. Women with a higher education start smoking as the spread of 

smoking among women lags 10-20 years behind men. During stage 3 smoking rates decline 

among men, especially among those with a higher socioeconomic status. Women reach their 

peak rate. Throughout stage 4 the smoking rates keep on declining among men and start to 

decline among women. Smoking becomes more a habit of people with a lower socioeconomic 
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status. In this stage the mortality rates, due to smoking, among men peak after one decade. 

Among women mortality rates peak after two or three decades [15].  

 

According to our results, France is at the beginning of the fourth stage in the smoking 

epidemic. Lung cancer mortality rates among men seem to have reached their peak, whereas 

among women they are still increasing which is in accordance with a study on lung cancer 

mortality trends in Europe [2]. Moreover educational differences in lung cancer mortality are 

increasing among younger men and are becoming apparent in the second period among 

women. This is in line with the notion that smoking in this stage becomes more a habit of 

people with a low socioeconomic status both in men and women.  

 

Our results are also consistent with the pattern of smoking in France. After the Second 

World War and onwards smoking rates among men were high, whereas women only started to 

smoke in large numbers in the late 1960s. From 1980 to 2000 first stable and then decreasing 

smoking rates have been observed among men, while among women smoking rates have 

increased [16].  This is consistent with the stable lung cancer mortality rates we found among 

men and the increasing mortality rates we found among women in the 2000s. In addition, a 

study reported that around 1990 smoking became more prevalent among both men and 

younger women with less education in France [17]. This is in line with the inequalities in lung 

cancer mortality we found in the second period.  

 

The results among younger women are particularly striking. The change in inequalities 

in lung cancer mortality is extremely quick. A strong negative association between education 

and lung cancer mortality was shown in the second period, whereas in the first period no clear 

association was observed. These younger women started to smoke in the late 1960s when 
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female smoking rates strongly increased. It therefore seems that the massive uptake of 

smoking in the female population occurred when inequalities in smoking reversed in favor of 

women with a higher educational level. The inequalities in lung cancer mortality were as large 

among younger women as among younger men in the second period. To reach this magnitude, 

men needed several decades, while women only needed one decade. Thus French women 

seem to go through the phases of the smoking epidemic much more quickly than French men. 

This result is remarkable, and additional studies are needed to understand the reasons for this 

quick change in smoking behavior. 

 

Literature on trends in socioeconomic inequalities in lung cancer mortality over time is 

sparse. The stable educational differences we found among men were also observed in a study 

conducted in Barcelona investigating the trends from 1992-2003 [8]. However, the increasing 

negative association which we found among women was not observed. In Barcelona a 

positive association was reported. Several explanations could be suggested. We studied a 

more recent time period and therefore the negative association in the latest time period shown 

in our study may not yet have been observed in Barcelona in 2002. Furthermore there is a 

north-south gradient in Europe regarding socioeconomic inequalities in lung cancer mortality, 

as a consequence of the geographical spread of the smoking epidemic [5, 6]. The northern part 

of Europe is in an advanced stage of the smoking epidemic compared to the southern part of 

Europe [5, 6, 17]. France lies in the middle [7, 17]. Our results suggest that France is now 

more similar to northern European countries [7] or the US [18], at least among the younger 

generation. The reversal and widening of inequalities in lung cancer mortality we observed 

were also observed in other studies [18, 19]. American studies showed a change between lung 

cancer and education from a positive to a negative association around 1970 among men and 

mid-1980s for women. For both men and women inequalities increased after the change [18, 
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19]. This reversal occurred earlier in the US due to an advanced stage of the smoking 

epidemic there. However, the American study did not report a quicker widening of 

socioeconomic inequalities in lung cancer mortality among women than among men after this 

reversal took place. 

 

Smoking and alcohol are well known risk factors for UADT cancer, with a larger 

population attributable risk (PAR) for smoking than for alcohol [20]. Inequalities in UADT 

cancer mortality are then partly explained by inequalities in smoking and alcohol 

consumption [21]. The large decrease in UADT cancer mortality among men can be 

explained by a decrease in smoking rates and alcohol consumption in France during the last 

decades [22, 23]. In particular, a large decrease (approximately 30%) in alcohol consumption 

has been observed from 1960 to 2001 [23]. We observed that despite of the decrease in 

mortality rates, inequalities remained stable over time. Literature on socioeconomic 

differences in alcohol consumption is sparse. However one study reported that around 1990 in 

France inequalities were found in excessive alcohol consumption [24]. Our results suggest 

that alcohol consumption strongly decreased in all educational groups but that relative 

inequalities in alcohol consumption are very likely to have remained over time. 

 

A major strength of this study is that it is based on a large sample representative of the 

French population. Our study might be limited by the fact that education as indicator for 

socioeconomic status is debatable. Advantages are that it is stable over life course and shown 

to be a good predictor of mortality; a higher education facilitates a lifelong choice for a 

healthy behavior and provides opportunities for choosing a working environment that result in 

a certain level of income, working and living conditions and accessibility of healthcare [25-

27]. However it is fixed early in adult life and therefore later socio economic changes are not 
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taken into account [27]. This could have influenced our results in underestimating the social 

inequalities for the older people in our study population.  

The percentage of missing values on education differs between the two periods due to 

some internal procedures performed by Insee on the 1990 census dataset. This could have 

slightly altered the results; however we expect the influence, if any, to be small. 

In addition there have been considerable changes in educational opportunities for 

women [28], as our results showed the educational level is increasing among women and 

especially among younger women. To account for this the RII was used as it takes into 

account the size and the relative position of the different educational groups.  

 

This study shows the magnitude of educational differences in lung and UADT cancer 

mortality in France during the last two decades. UADT cancer mortality rates among men 

decreased strongly for every educational level. This implies that, although relative inequalities 

remained stable in UADT cancer mortality over time, the population health burden that is 

associated with social inequalities in UADT cancer mortality decreased substantially. 

Inequalities in lung cancer mortality are increasing. Widening inequalities among the younger 

men implicate that the decrease in mortality rates is more in favor of the highly educated men. 

Based on the smoking epidemic and trends in the US we expect the inequalities to widen even 

more. The trends for women in lung cancer are concerning. We expect an increase both in the 

lung cancer mortality rates and educational differences among women in the future. Moreover 

differences in the magnitude of inequalities may disappear between men and women in the 

coming decades. Consequently, tobacco control policies should really ensure they reach the 

men and women with a lower socioeconomic position.  
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