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Supplementary material A:  

Standard method for calculation of Smoking-Attributable Mortality 

(SAM) 

The formula used in the standard method for SAM for a specific cause of death j is as follows (Surgeon 

General, 2004; Surgeon General, 2014): 

𝑆𝐴𝑀𝑗 = 𝑃𝐴𝐹𝑗. 𝑇𝐷𝑗 =
𝑃 ∙ (𝑅𝑅𝑗 − 1)

𝑃 ∙ (𝑅𝑅𝑗 − 1) + 1
∙ 𝑇𝐷𝑗 

where TDj is the observed number of deaths for that cause, RRj is the relative risk of mortality of smokers 

(relative to non-smokers) for that cause of death, and P is smoking prevalence in the population. In that 

formula, P and TDj are observed on the population for which SAM is estimated but the RRs come from another 

population (US cohort followed in the CPS-II).  

The total number of deaths due to tobacco is then the sum over all causes of death: 𝑆𝐴𝑀 = ∑ 𝑆𝐴𝑀𝑗𝑗 . 

The formula is somewhat convoluted, and we explain where it comes from: 𝜋𝑗,𝑠, 𝜋𝑗,𝑛𝑠, are the risks of dying 

from that specific cause for smokers and non-smokers respectively.  

The relative risk of dying if smoker is 𝑅𝑅𝑗 =
𝜋𝑗,𝑠

𝜋𝑗,𝑛𝑠
.  

The definition of smoking-attributable mortality for cause j is: 

𝑆𝐴𝑀𝑗 = 𝑃 ∙ (𝜋𝑗,𝑠 − 𝜋𝑗,𝑛𝑠) = 𝑃 ∙ 𝜋𝑗,𝑛𝑠 ∙ (𝑅𝑅𝑗 − 1)  (4) 

To eliminate 𝜋𝑗,𝑛𝑠, and rely on relative risks only, we can use the expression for the total number of deaths due 

to that cause (that can be measured directly): 

𝑇𝐷𝑗 = 𝑃 ∙ 𝜋𝑗,𝑠 + (1 − 𝑃) ∙ 𝜋𝑗,𝑛𝑠 = 𝜋𝑗,𝑛𝑠 ∙ [𝑃 ∙ (𝑅𝑅𝑗 − 1) + 1]  

from which we can write: 𝜋𝑗,𝑛𝑠 =
𝑇𝐷𝑗

𝑃.(𝑅𝑅𝑗−1)+1
  (5) 

Replacing 𝜋𝑗,𝑛𝑠 by (5) in (4) gives the initial formula. Epidemiologists prefer it because it involves variables 

that can be observed as relative risks are assumed to be easier to observe than absolute risks. 

Another variable used in that literature is the “Population Attributable Fraction” (fraction of deaths from cause 

j that can be attributed to smoking): 𝑃𝐴𝐹𝑗 =
𝑆𝐴𝑀𝑗

𝑇𝐷𝑗
=

𝑃∙(𝑅𝑅𝑗−1)

𝑃∙(𝑅𝑅𝑗−1)+1
. (6) 
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A refined version of this method, used mostly in the US and known as SAMMEC (Smoking-Attributable 

Mortality, Morbidity and Economic Costs), uses the relative risks and prevalence of two sub-populations, 

current and former smokers (both risks are relative to that of never smokers).  

The formula of the “Population Attributable Fraction” becomes: 

 𝑃𝐴𝐹𝑗 =
𝑃𝑐∙𝑅𝑅𝑗,𝑐+𝑃𝑓∙𝑅𝑅𝑗,𝑓−(𝑃𝑐+𝑃𝑓)

1+𝑃𝑐∙𝑅𝑅𝑗,𝑐+𝑃𝑓∙𝑅𝑅𝑗,𝑓−(𝑃𝑐+𝑃𝑓)
 where subscripts c and f indicate current (c) or former (f) smokers.  

A second refinement consists in calculating eight PAFj for each cause of death, separately by gender and four 

age groups.  

The difference between the direct standard and indirect standard methods is that the former uses observed 

prevalence of smoking whereas the latter uses a simulated prevalence, such that PAF estimated for lung cancer 

using (6) coincides with 𝑃𝐴𝐹𝐿𝐾 the “true” PAF for that disease, assumed to be stable across populations:  

𝑃 =
𝑃𝐴𝐹𝐿𝐾

(1−𝑃𝐴𝐹𝐿𝐾).(𝑅𝑅𝐿𝐾−1)
  with 𝑅𝑅𝐿𝐾 being the relative risk for lung cancer. 

 



 

Supplementary material B: 

Epidemiological evidence on the effect of duration and intensity of smoking on lung cancer 

Table B1.  Overview of significant epidemiological studies 

Source 

Method Key results 

Population 
Juris-

diction 
Cause of 

death Inclusion/exclusion criteria Follow-up Sample 

size Estimator Duration/ 

intensity Confounders Type of result No. of  

declinations 

Doll and 

Peto (1978) 
Male doctors, 

aged 40-79 UK Lung cancer 

Continuously smoking/not 

smoking during the entire 

follow-up (20 years). 
Excluded: >40 cigs/day, onset 

of lung cancer before T0 

Prospective,  
20 years  
(1951-71) 

34,000 
Max 

Likeli-
hood  

Both No Annual 

incidence 
Unlimited 

in theory 

Flanders  

et al. (2003) 

General (CPS-II),  
both sexes,  

aged 40-79 
US Lung cancer 

Current smokers only 

Exclusion: >40 cigs/day, onset 
of lung cancer before T0, 

started smoking before 10y 

Prospective: 
6 years  
follow-up  

(1982-87) 

117,000 Poisson  Both Basic  
adjustment 

Mortality due 
to lung cancer 

8 (4 age groups 
* sex) 

Rachet  

et al. (2004) 

Case-control 

cohort 
Males aged 35-70, 

Cancer patients 

Quebec Lung cancer Cancer (19 different sites) for 
case group Prospective? 

1,500 

case +2 
control 

groups 

Logistic 

+  
non-para 
metric  

Both + 

model on 

cessation 

Occupational 

exposure, 
income, 

ethnicity, ... 

Annual 
incidence 

Unlimited in 

theory  

(Relative Risks) 

Knoke  

et al. (2008) 

General (CPS-I), 
White males, 
aged 40-79 

US Lung cancer Focus on ex-smokers 

Prospective 
12 years  

follow-up  

(1959-71) 

3 groups  

292,000 Poisson  
Duration 

since 
cessation 

No 
Decrease of the 

excess risk of 
lung cancer 

Unlimited in 

theory 

Streppel  

et al. (2007) 

Males,  

living in Zutphen, 
aged 40-80 

Nether-

lands 

All causes  

+ 5 specific 

causes of death 
(incl. Lung 

cancer)  

 

Prospective 
40 years follow-
up (1960-2000) 

1,400 

Cox  
Propor-

tional 
Hazards  

Both 

Alcohol, BMI, 
SES, energy 

intake, related 

diseases 

Mortality 
Unlimited in 

theory  
(Relative Risks) 

Mannino  

et al. (2001) 

White, born 1901-
55 (Surveys + 

vital statistics) 
US Lung cancer  

Long follow-up 

(mortality) + 
1970, 1978-80, 

1992 surveys 

(smoking) 

1.7 

million Poisson Duration 

only No 

% of lung 

cancer 
incidence 

among 

smokers 

11 (per 5-year 

birth cohort) 

Source: Review of literature from authors 
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Box B2.  Respective influence of Duration and Intensity on mortality due to lung 

cancer by sex-age groups (from Flanders et al., 2003) 

The absolute risk to die from lung cancer is given by the formula: 

�̂�𝑠,𝑥 = 𝑒𝛼𝑠,𝑥 ∙ 𝐷𝛽𝑠,𝑥 ∙ 𝐼𝛾𝑠,𝑥 

where D is the duration of smoking (how many years since the individual has started smoking), I is 

the intensity of smoking, s is sex and x is age. 

Parameters linking duration and intensity to mortality (α, β and γ) vary across age groups and sex, as 

shown in the table below. 

Sex Age group α β γ 

MALES 

40-49 -17.9 1.9 0.95 

50-59 -17.4 2.6 0.52 

60-69 -15.7 2.4 0.37 

70-79 -13.0 1.8 0.39 

FEMALES 

40-49 -20.2 2.8 0.96 

50-59 -17.2 2.2 0.75 

60-69 -14.1 1.5 0.78 

70-79 -13.2 1.3 0.95 
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Box B3. Decrease in “excess risk of lung cancer” for former smokers compared to 

continuously smokers (from Knoke et al., 2008) 

Knoke et al. (2008) assess the magnitude of the decrease in “excess risk of lung cancer” of former smokers 

when compared to continuing smokers of the same age. They conclude that this decrease depends both 

on time since cessation and age at cessation, but that the number of cigarettes smoked while smoking does 

not matter as much. For example, the risk of lung cancer is reduced by half after 7 years if the smoker 

quits at 40 and after 9 years it he quits at 50. The risk is even reduced by 90% after 15 years when a 

smoker quits between 30 and 40. 

Their main finding can be summarized in an equation linking the decrease in excess risk of incidence 

(denoted f) to the age at cessation (Ac) and the time since cessation (Tc):  

𝑓 = exp[−(0.274 − 0.00279 × 𝐴𝑐) × (𝑇𝑐 − 2)] 
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Supplementary material C: 

Reconstruction of time-series of smoking prevalence by age of 

French pseudo-cohorts 

Data sources 

The main data source in our calculation of smoking prevalence by age for pseudo-cohorts is the 

series of cross-sectional population surveys administered by the same institution, “Comité Français 

d’Éducation pour la Santé” (CFES) from 1977 to 2002, which became the “Institut National de 

Prévention et d’Éducation pour la Santé” (INPES) in 2002.  

These surveys are called “Enquête CFES” from 1977 to 1985, and we used the 1977 and 1981 

waves of CFES, followed by “Baromètre Santé”, from 1992 to 2010 (1986, 1992, 1995, 2000, 2005 

and 2010 waves, Table C1). Because these surveys are designed and administered by the same 

institution they constitute a consistent series, with minimal variation in wording or interview mode 

across waves. 

Table C1.  Surveys used to reconstruct prevalence for various cohorts in France 

Year of 

production 
Population  

selection 
Age 

range 
Number of  

age groups 
Tobacco 

measurement 
Interview mode 

Sample 

size 

2010 

Random sampling 

(random 

generation of 

phone numbers) 

15-85 14 

Distinction 

between 

“regular” and 

“occasional” 

smokers 

Telephone 

(including mobile-

only) 

27,493 

2005 
12-75 

12 

29,113 

2000 
Telephone 

13,064 

1995 
18-75 

1,975 

1992 
Telephone + self-

administered 

2,099 

1986 

Method of quotas 

15-75 6 
No distinction 

between 

“regular” and 

“occasional” 

2,000 

1981 
18-75 5 Self-administered 

1,018 

1977 1,010 

Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986  
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We also use ancillary sources, to either complement the main data series when necessary, or for 

robustness checks (that our findings are not specific to the sampling design and interview mode of 

the CFES “Baromètre santé” survey). These ancillary data are as follows: 

• “Enquêtes CFES” conducted in January 1979, November 1979 and 1982 (all year) 

• “Baromètre Jeunes” 1997/98 (Inpes) 

• “Enquête décennale santé” 1980 (Insee) 

Gaps between survey years 

From 1995 on, surveys are administered every five years and we were then able to calculate 

prevalence rates for five-years age categories following pseudo-cohorts: for instance, the same 

cohort is 25-29 years old in 1995 and 30-34 years old in 2000. Before 1995, however, surveys were 

not administered at fixed intervals and we had to use proxy years: data from the 1992 survey 

represent the year 1990 (the aforementioned cohort was 20-24 years old in 1990, but 22-26 years-

old in 1992), data from the 1986 survey represent the year 1985, data from the 1981 survey 

represent the year 1980 and data from 1977 represent the year 1975. 

Smoking status measurement 

Before 1992, response items to the question on current smoking were simply yes or no; after that 

year, a further distinction was added to the yes response item, between “regular” (at least a cigarette 

every day) and “occasional” (does not smoke every single day). For consistency, we chose to keep 

a binary variable (yes or no), without further distinguishing between regular and occasional 

smoking.  

Even though it could be argued that occasional smokers are not exposed to the same risks as regular 

smokers, not making the distinction in our calculations would be damaging if, and only if, the 

proportion of occasional smokers were to change dramatically over time (keep in mind that we are 

interested here in risk at the cohort, not the individual level).  

Empirical results for years where the distinction is made in the surveys (1995 to 2010) support the 

hypothesis that the proportion of occasional smokers is stable over the years (see Table C2), and 

also not different for men and women. Among men, regular smokers account for 87% of total 

smokers (in 2000, 2005 and 2010), a slight difference being noticed only in 1995 (91%). Likewise, 

for women, regular smokers represent about 85% to 88% of total smokers depending on the year. 
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To some extent, occasional smoking seems more prevalent at both ends of the age distribution: the 

proportion of regular among total smokers hovers around 80% for the 15-19 (with a trend toward 

more regular smokers among female smokers in that age category) and the 65-69 age category. 

Note also that changes in the proportion of occasional smokers can be reflected, in our simulations, 

through changes in average intensity (average number of cigarettes smoked per day by smokers). 

We do not attempt to do it in this particular study, but it can easily be done and a reliable series on 

intensity will reflect changes in the proportion of occasional smokers among current smokers. 

 

Table C2.  Proportion of “regular” among “total” smokers from 1995 to 2010 

 Males  Females 

Age category 2010 2005 2000 1995  2010 2005 2000 1995 

15-19 0.77 0.76 0.83 0.77  0.70 0.75 0.80 0.87 

20-24 0.82 0.87 0.88 0.91  0.86 0.85 0.87 0.89 

25-29 0.83 0.89 0.88 0.83  0.86 0.84 0.87 0.91 

30-34 0.89 0.88 0.89 0.93  0.89 0.87 0.90 0.85 

35-39 0.89 0.89 0.90 0.98  0.88 0.89 0.87 0.88 

40-44 0.90 0.90 0.85 0.89  0.88 0.86 0.86 0.89 

45-49 0.92 0.89 0.85 0.96  0.89 0.84 0.91 0.96 

50-54 0.91 0.86 0.82 0.95  0.91 0.85 0.79 0.89 

55-59 0.93 0.87 0.87 0.96  0.87 0.85 0.72 0.92 

60-64 0.85 0.87 0.90 0.84  0.87 0.81 0.86 0.64 

65-69 0.78 0.77 0.84 0.80  0.82 0.86 0.87 0.79 

70-74 0.63 0.87 0.89 1.00  0.84 0.90 0.80 1.00 

Overall 0.87 0.87 0.87 0.91  0.86 0.85 0.86 0.88 

Sources: Baromètres Santé (INPES/CFES) 1995, 2000, 2005, 2010 
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Age range 

Another issue was that the age range of respondents varied somewhat across waves of our core 

surveys (“Enquête CFES” and “Baromètre Santé”, Table C3): the minimum age to be included in 

the survey went from 18 years old to 15 to 12 and back to 15 whereas the maximum age extended 

from 75 to 85 for the most recent survey.  

Table C3.  Age categories as used in reference publications across consecutive 

versions of “Baromètre santé” / Enquête CFES 

2010 2005 2000 1995 1992 1986 1981 1977 

15–19 15–19 15–19 18–19 18–21 15–18   

20–24 20–24 20–24 20–24 22–26 19–24 18–24 18–24 

25–29 25–29 25–29 25–29 27–31 25–34 25–34 25–34 

30–34 30–34 30–34 30–34 32–36    

35–39 35–39 35–39 35–39 37–41 35–49 35–49 35–49 

40–44 40–44 40–44 40–44 42–46    

45–49 45–49 45–49 45–49 47–51    

50–54 50–54 50–54 50–54 52–56 50–64 50–64 50–64 

55–59 55–59 55–59 55–59 57–61    

60–64 60–64 60–64 60–64 62–66    

65–69 65–69 65–69 65–69 67–71 65–74 65–74 65–74 

70–74 70–74 70–74 70–74 72–75    

75–79        

80–84        

Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986 
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In our study, we included respondents aged 15 to 74 only, dropping the 12-14 years-old as well as 

the 75+. Since data were missing for some years (1977, 1981 and 1995)1 on the 15-17 years-old, 

we needed to impute values using an ancillary source, as described below: 

The “Baromètre Santé Jeunes” 1997/98 provides smoking prevalence rates for young people by 

sex and (exact) age. We use these rates to calculate a ratio of prevalence among the 15-19 years-

old relative to that of the 18-19 years-old, at 0.81 for boys and 0.87 for girls. We apply these ratios 

to prevalence rates obtained for the 18-19 years-old in waves that do not include the 15-17 years-

old to produce prevalence rates for the entire 15-19 age category for these waves. 

Age categories 

Because raw, individual data were not available for waves up to 1992 we had to use values of 

smoking prevalence by age as reported in publications or aggregate-level data at our disposal.  

Unfortunately, the lack of consistency in width and boundaries of age categories as published or 

established by CFES for these earlier waves of the survey forced us to re-calculate (impute) 

prevalence rates for a consistently defined 5-years age categories. Table A.6 lists all age categories 

and we summarize the discrepancies below: 

• In 1992, all age categories are shifted 2 years up (e.g., 22-26 instead of 20-24). 

• In 1977, 1981 and 1986, only 5 or 6 broad age groups are available. 

Correction of the 1992 wave is as follows: 

We want to calculate a prevalence for the age category [x ; x+4] but know prevalence rates for 

categories [x-3 ; x+1] and [x+2 ; x+6]. Because the first category [x-3 ; x+1] comprises 2 years of 

the category of interest out of five, we consider it contributes 40% of the prevalence rate in the 

category of interest [x ; x+4]; similarly, the second category [x+2 ; x+6] contributes 60% of the 

rate in the category of interest. For instance, knowing the prevalence rates for males at 27-31 and 

32-36 in the 1992 survey, we calculate prevalence for males aged 30-34 in the same year as follows: 

• 𝑃30−34 = 0.4 × 𝑃27−31 + 0.6 × 𝑃32−36 

 

1  Data are also missing in 1992, but this wave required special treatment, that we detail below. 



12 

For the youngest group (15-19), because 1) there are no overlapping categories to pool together 

and 2) original prevalence rates reported in 1992 do not include the 15-17 years old, we used 

information pulled from the 1995 wave to impute a reasonable prevalence rate as follows: 

• 𝑃15−19,1992 = (𝑃15−19,1995 × 𝑃18−21,1992) 𝑚𝑒𝑎𝑛⁄ (𝑃15−19,1995; 𝑃20−24,1995) 

 

Correction for the 1986, 1981 and 1977 waves is as follows: 

Age categories are broader than the five-year age categories we want to use and we need to split 

the published values between each 5-years age categories comprising the broad age group.  

 

The following general strategy is defined for 1986 wave and applied almost identically for 1981 

and 1977. 

To give the gist of the strategy we followed, we illustrate with a particular age-sex category, that 

of “Males aged 25-34” for the year 1986. We want to create prevalence rates for two categories 

within that broad age group ([25-29] and [30-34]) and we know we cannot simply use the rate of 

the broad category [25-34] uniformly. We use information on relative prevalence rates in the two 

five-years age categories as observed in 1992 to impute prevalence rates within each category in 

1986 simply by assuming that the ratio between the two five years age categories is the same in 

1986 and 1992. Formally, we solve a system of two equations:  

1. The ratio of prevalence between the 2 age categories for 1986 must remain equal to the ratio 

observed in 1992: 𝑃25−29,1986 𝑃30−34,1986⁄ = 𝑃25−29,1992 𝑃30−34,1992⁄  

2. The average of the two prevalence rates must be equal to the observed rate for the category 

[25-34] in 1986: 𝑃25−34,1986 = (𝑃25−29,1986 + 𝑃30−34,1986) 2⁄  

We follow the same strategy for all age groups, except 15-19 and 20-24 where prevalence rates are 

directly observed in the survey (Table C4). 
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Table C4.  Extrapolation of smoking prevalence rates for year 1986 

Age 

category 
Prevalence estimate 

15-19 𝑃 15−19,1986 = 𝑃15−18,1986 
 

20-24 𝑃 20−24,1986 = 𝑃19−24,1986 
 

25-29 𝑃 25−29,1986 = 2 × 𝑃25−34,1986 [1 + (𝑃30−34,1992 𝑃25−29,1992⁄ )]⁄  
 

30-34 𝑃 30−34,1986 = 2 × 𝑃25−34,1986 [1 + (𝑃25−29,1992 𝑃30−34,1992⁄ )]⁄  
 

35-39 
𝑃 35−39,1986

= 3 × 𝑃35−49,1986 [1 + (𝑃45−49,1992 𝑃35−39,1992⁄ ) + (𝑃40−44,1992 𝑃35−39,1992⁄ )]⁄  

 

40-44 
𝑃 40−44,1986

= 3 × 𝑃35−49,1986 [1 + (𝑃45−49,1992 𝑃40−44,1992⁄ ) + (𝑃35−39,1992 𝑃40−44,1992⁄ )]⁄  

 

45-49 
𝑃 45−49,1986

= 3 × 𝑃35−49,1986 [1 + (𝑃40−44,1992 𝑃45−49,1992⁄ ) + (𝑃35−39,1992 𝑃45−49,1992⁄ )]⁄  

 

50-54 
𝑃 50−54,1986

= 3 × 𝑃50−64,1986 [1 + (𝑃60−64,1992 𝑃50−54,1992⁄ ) + (𝑃55−59,1992 𝑃50−54,1992⁄ )]⁄  

 

55-59 
𝑃 55−59,1986

= 3 × 𝑃50−64,1986 [1 + (𝑃60−64,1992 𝑃55−59,1992⁄ ) + (𝑃50−54,1992 𝑃55−59,1992⁄ )]⁄  

 

60-64 
𝑃 60−64,1986

= 3 × 𝑃50−64,1986 [1 + (𝑃55−59,1992 𝑃60−64,1992⁄ ) + (𝑃50−54,1992 𝑃60−64,1992⁄ )]⁄  

 

65-69 𝑃 65−69,1986 = 2 × 𝑃65−74,1986 [1 + (𝑃70−74,1992 𝑃65−69,1992⁄ )]⁄  
 

70-74 𝑃 70−74,1986 = 2 × 𝑃65−74,1986 [1 + (𝑃65−69,1992 𝑃70−74,1992⁄ )]⁄  
 

 

  



14 

We apply roughly the same strategy for years 1981 and 1977, with two further complications.  

Firstly, no smoking prevalence is given for the 15-17 years-old in these surveys and we had to 

follow the strategy referred to earlier: 

• 𝑃15−19,1981 = 𝑃20−24,1981 × (𝑃15−19,1986 𝑃20−24,1986⁄ ) 

• 𝑃15−19,1977 = 𝑃20−24,1977 × (𝑃15−19,1986 𝑃20−24,1986⁄ ) 

Secondly and most importantly, using “Baromètre Santé” 1992 to get the ratio of prevalence rates 

for the age categories within the broad age groups becomes increasingly dubious as the time gap 

between 1992 and the year of the survey increases. We use instead the “Enquête décennale santé” 

1980 as auxiliary source to estimate these relative prevalence rates.  

 

Sensitivity to data-sources used for prevalence measures 

As already mentioned the CFES-INPES series is considered the gold standard of measures of 

smoking behaviours in France. However, because these had small (around 1,000) sample sizes in 

1977 and 1981, we checked the stability of results by using ancillary data sets. We can do this for 

1980 only, where we use three different surveys administered by CFES in January and November 

1979, and 1982. We pool the data from these three surveys with the 1981 survey (that we use in 

our main series) and recalculate prevalence rates by age.  

Comparing it with our findings based on the 1981 survey alone allows us to check that our 

estimates do not suffer from lack of precision. We find that pooling data for 1980 leads to 

change in our estimated SAM due to lung cancer by 1% to 3% only, compared to our 

standard method, which we take as confirmation that the 1981 estimate is precise.  
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Supplementary material D: 

Description of alternative method for calculation of SAM applied to 

the case of lung cancer in France 

 

This Supplementary material provides a comprehensive description of our alternative method to 

estimate SAM for lung cancer in France. 

Our method involves 8 steps described below. Since the general principle is explained for a single 

reference year (2010), notions of birth cohorts and ages are here interchangeable, although it is not the 

case conceptually. We choose to reason in terms of cohort here, because age can also refer to other ages 

of the smoking careers of people: age at initiation and at cessation. 

 

1. Reconstruction of time-series smoking from France for birth cohorts born between 1926-30 

and 1986-90 

This step is described in detail in Supplementary material C above. 

 

2. Choice of reference values for parameters 

The calculation of SAM is grounded on estimations of absolute or relative risks of lung cancer depending 

on three key parameters: intensity of smoking, duration of smoking and duration of abstinence (i.e. 

duration since cessation).  

There is no data (either retrospective or pseudo-cohorts) that would describe intensity across the 

smoking careers of smokers (how intensity varies with years for the same individual) and assumptions 

have to be made. Here we make the assumption that intensity is stable across the life-course of a smoker. 

For simplicity, we also assume that all smokers (within a cohort and for all cohorts) have the same 

intensity of 15 cigarettes per day. We run sensitivity analyses around this choice (see Supplementary 

material H).  

Durations of smoking and of abstinence derive from age at initiation and at cessation. The latter is taken 

into account by the observation of quitters from a given birth cohort in a given year, what we measure 

from the time-series of prevalence. Age at initiation, on the other hand, has to be hypothesized: in our 

central scenario, it is assumed constant across cohorts at 17.5 . 

We empirically back these assumptions in the main text of the article (see section 3.1.1 of main text); 

alternative values are tested in our sensitivity analyses (see Supplementary material H). 

  



16 

3. Measure of “smoking cessation”   

Measures of cessation are derived from a comparison of smoking prevalence rates from one age category 

to the next for a given cohort, as observed in the time-series we reconstructed. Smoking cessation is 

expressed as a share (percentage) of each birth cohort (c) by taking the difference of smoking prevalence 

of this cohort between reference year (i.e. for age group a, Pa) and 5 years before (i.e. for age-group a-

1). We assume that cessation cannot occur before the age of 30 (age group 30-34 ) and that the share of 

quitters is nil in the rare cases where Pa > Pa-1. Doing so, we implicitly assume that when prevalence 

declines between two neighbouring age categories (e.g., 30-34 and 35-39) for the same cohort, all the 

decline is only comprised of quitters, i.e. that no one starts smoking between those two age categories.  

Instead of age at cessation per se, we prefer to think in terms of duration since cessation (denoted Tc) , 

that is equivalent for a given year of analysis (see point 4 below). Finally, the number of people from 

the birth-cohort c who have quit for Tc years is calculated, separately by sex (s) for reference year 

(2010): 

Number_quitters c, a, s  = %_of_cessation c, Tc, s  * total population Insee a, 2010, s 

 

4. Calculation of “duration since cessation” (Tc) 

Quitting smoking can be “inferred” only between two measures in our data collection (between 1995 

and 2000, 2000 and 2005, etc.), and is supposed to occur at the middle of the interval for the whole birth 

cohort: age at cessation can be 30, 35, 40, … up to 75, and we assume that no cessation can happen after 

75. 

Duration since cessation (Tc) is the difference between age in reference year (2010) and age at cessation. 

For example, those from birth cohort 1960-1964 who are considered to have quit between 2000 and 

2005 are aged 47.5 in 2010 and are said to have quit at age 40 on average, which leads to an average 

duration since cessation of 7.5 years. 

In theory, almost all combinations of age at cessation and duration of abstinence are imaginable. In our 

method, however, not all the combinations are possible or of intrinsic interest for 3 reasons: 

• Combinations are conditional on the hypothesis we made that everyone starts smoking at age 

17.5: for example, it is impossible that someone has stopped at age 35 for more than 17.5 years. 

• Some combinations are out of the scope of our data collection since they would require more 

than our span of 35 years and 8 points of observation (for example, people aged 60 who have 

quit for 22.5 years or more).  

• Last, we are interested only in ex-smokers aged 40-79 in the reference year (2010), because that 

is the range of ages supposed to be primarily at risk of lung cancer according to Knoke et al., 

2008 (see point 7 below) 

  



17 

As a result, the 36 following combinations are the only ones actually taken into account in our estimation 

of SAM (Table D1). 

Table D1. Practical combinations of “age at” and “duration since” smoking cessation  

Age at 
cessation 

Duration since cessation 

2.5 7.5 12.5 17.5 22.5 27.5 32.5 

30   X     

35  X X X    

40 X X X X X   

45 X X X X X X  

50 X X X X X X  

55 X X X X X     

60 X X X X       

65 X X X         

70 X X           

75 X             

 

 

5. Number of current and former smokers by duration of exposure 

For the reference year (2010), the total number of “current smokers” is calculated separately by sex, 

cohort and duration of smoking (Ts) by applying the corresponding smoking prevalence rates by 

duration of exposure to the total population by age and sex as published by Insee for this reference year. 

Ts is deduced from cohort (=age) in the reference year, assuming they all started at age 17.5. 

The total number of “ex-smokers” is decomposed also by cohort, sex, and duration of smoking (Ts), but 

additionally by duration since cessation (Tc): distinct rates and number of quitters are calculated as 

explained in point 3 above. 

 

6. SAM for “current smokers” in reference year 

The absolute risk of death from lung cancer is then calculated separately by sex and cohort for those 

aged 40-79 in reference year (2010), according to the set of 8 equations based on the respective 

influences of intensity and duration of smoking we extracted from Flanders et al., 2003 (described in 

box B2). This absolute risk of cancer is applied to the numbers of “current smokers” by cohort and sex 

as calculated in previous stage, which leads to an estimate of deaths due to lung cancer for each cohort-

sex category.  
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7. SAM for “former smokers” in reference year 

The study from Knoke et al. (2008) provides estimates of “decrease in absolute risk” of lung cancer for 

ex-smokers compared to continuously smokers, which is different from a “relative risk” (see box B3). 

This decrease in risk is estimated on age at cessation and duration since cessation (Tc), but identically 

for males and females, and only for those aged 40-79. 

To be put to use, these decrease rates have to be applied to baseline risks of lung cancer of someone who 

would have continued to smoke to the age under consideration. The baseline risks are calculated for a 

given cohort and sex in the counterfactual situation where the entire cohort would have kept smoking 

continuously until then, from Flanders et al. (2003). Then, SAM among ex-smokers for reference year 

(2010) can be expressed for a given birth cohort and sex by the number of quitters times the baseline 

risk of lung cancer times the decrease in absolute risk.  

 

8. Total SAM  

Ultimately, total SAM for the reference year (2010) is the sum over all the cohort-sex categories of SAM 

for current and former smokers respectively. 

 

Additional sensitivity tests are performed on valises of parameters (intensity of smoking, age at 

initiation) and on several technical aspects otherwise: see Supplementary material H. 
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Supplementary material E: 

Projections of smoking prevalence and SAM for 2010-2060  

 

Section E1. Principle of 2010-2060 projection of smoking prevalence rates 

This step consists in building projection of smoking prevalence rates by age for the period 2010-2016 

in order to calculate overall SAM for each year from 2010 on.  

Two things need to be done: 1) generate prevalence rates at older ages for birth cohorts that are already 

entered observation in the reference year (2010) and 2) simulate prevalence rates (= initiation rates) at 

age 15-19 for future birth cohorts that will enter smoking. 

 

For the first thing, we “prolong the trends” by projecting age-specific smoking prevalence rates to 2060, 

separately by sex and birth cohort. This projection is based on “recursive smoothing”. For a given birth 

cohort c, prevalence of smoking for age-group a (observed in year N=c+a) results from smoking 

prevalence in the age-group a-1 for the same birth cohort c affected by an evolution reproducing the 

evolution of smoking behaviour between ages categories a-1 and a in the three preceding birth cohorts 

c-1, c-2 and c-3. It is recursive in the sense that each age category and cohort builds on preceding cohorts 

(therefore years of observation) and the projection unfolds recursively. 

We have to use another strategy for the second thing, generating initiation rates of smoking at age 15-

19 for a given birth cohort c, since we cannot use comparison with prevalence at a younger age. In that 

case, we simply take the arithmetical mean of prevalence for the same age-group 15-19 in the 3 

preceding cohorts c-1, c-2 and c-3. 

Formally, projected prevalence rates 𝑃(𝑎,𝑐) for a cohort c at age a can be written as follows in these two 

situations: 

𝑃(𝑎,𝑐) = 𝑃(𝑎−1,𝑐) × [1 +𝑚𝑒𝑎𝑛 {
𝑃(𝑎,𝑐−1)

𝑃(𝑎−1,𝑐−1)
− 1;

𝑃(𝑎,𝑐−2)

𝑃(𝑎−1,𝑐−2)
− 1;

𝑃(𝑎,𝑐−3)

𝑃(𝑎−1,𝑐−3)
− 1}] for 𝑎 ≥ [20 − 24] 

𝑃(𝑎,𝑐) = 𝑚𝑒𝑎𝑛{𝑃(𝑎,𝑐−1); 𝑃(𝑎,𝑐−2); 𝑃(𝑎,𝑐−3)} for 𝑎 = [15 − 19] 

 

The result is a new time-series of projected prevalence rates by age for the years 2010-2060 for birth 

cohorts that will be at risk of lung cancer at some point in the period (cohorts 1931-1935 to 2016-2020). 

These are the only cohorts that generate SAM in those years. Table E2 below gives a full description of 

combinations of ages and birth cohorts used in estimations of SAM either in the reference year (2010) 

or for the 50 years horizon of the projection. 
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Based on these projected prevalence rates, we use the method described in Supplementary material D is 

applied to i) calculate cessation rates, durations of smoking and of abstinence, ii) produce estimates of 

numbers of deaths from lung cancer for current and former smokers separately based on Flanders et al. 

(2003) and Knoke et al. (2008), and iii) finally combine these numbers to get an overall estimate of 

SAMN for a particular year N.  



 

Table E2. Overview of smoking prevalence measures and projections and of scope of lung cancer by birth cohorts and age groups  

 Age group  Age at… 
At risk of lung 

cancer in… 

Birth  
cohort 

15-
19 

20-
24 

25-
29 

30-
34 

35-
39 

40-
44 

45-
49 

50-
54 

55-
59 

60-
64 

65-
69 

70-
74 

75-
79 

 
1st measure 

(1975) 
Last measure 

(2010) 

Last year 
projected 

(2060) 
2010 

2010-
2060 

2041-45 P                 15-19   

2036-40 P P                20-24   

2031-35 P P P               25-29   

2026-30 P P P P              30-34   

2021-25 P P P P P             35-39   

2016-20 P P P P P P            40-44  X 

2011-15 P P P P P P P           45-49  X 

2006-10 P P P P P P P P          50-54  X 

2001-05 P P P P P P P P P         55-59  X 

1996-00 P P P P P P P P P P        60-64  X 

1991-95 M P P P P P P P P P P      15-19 65-69  X 

1986-90 M M P P P P P P P P P P     20-24 70-74  X 

1981-85 M M M P P P P P P P P P P    25-29 75-79  X 

1976-80 M* M M M P P P P P P P P P    30-34    X 

1971-75 M* M M M M P P P P P P P P    35-39    X 

1966-70 M M* M M M M P P P P P P P    40-44   X X 

1961-65 M* M M* M M M M P P P P P P    45-49   X X 

1956-60 M* M M* M* M M M M P P P P P  15-19 50-54   X X 

1951-55  M M* M* M* M M M M P P P P  20-24 55-59   X X 

1946-50   M* M* M* M* M M M M P P P  25-29 60-64   X X 

1941-45    M* M* M* M* M M M M P P  30-34 65-69   X X 

1936-40     M* M* M* M* M M M M P  35-39 70-74   X X 

1931-35      M* M* M* M* M M M M  40-44 75-79   X X 

1926-30       M* M* M* M* M M M*  45-49      

1921-25        M* M* M* M* M   50-54      

1916-20         M* M* M* M*   55-59      

1911-15          M* M* M*   60-64      

1906-10           M* M*   65-69      

1901-05            M*   70-74       

How to read this table? ‘M’ refers to prevalence measured, ‘M*’ refers to prevalence based on measure with interpolation, ‘P’ refers to projected value of prevalence for 2010-2060 

Authors’ calculations. Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986  
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Supplementary material F: 

Principle of “what if” scenarios  

Broadly speaking, “what if” scenarios consist in defining hypothetical changes in behaviours either of tobacco 

initiation among teenagers or of smoking cessation at older ages. These changes are not thought to be realistic 

per se or directly produced by any particular public policy, although they constitute a general horizon of what 

should be achieved in terms of anti-smoking policies. 

For the sake of illustrating our method, we retain a set of different values to represent “what if” situations of 

different magnitudes. The initiation scenarios assume that initiation to tobacco decreases by 25%, 50%, 80% 

and 100% respectively. The cessation scenarios assume a marked increase in quit rates among smokers, of 

25%, 50%, 100% or 200% once respectively. These increase/decrease values are applied to “forecast” initiation 

and prevalence rates by age that would be observed otherwise, i.e. as produced by our projection (see 

Supplementary material E). 

Particular features of the method should be emphasized here. 

• The initiation scenarios are expressed in “absolute” values whereas the cessation scenarios are “relative”. 

Indeed, the “extreme initiation reduction” scenario is that the current initiation rate decreases by 100%, 

i.e. that nobody starts smoking. On the other hand, the “extreme cessation increase” postulates that they 

are still people who never quit but that the percentage of quitters increases by a factor 200%, i.e. multiplied 

by 3. 

• In our “what if” scenarios, a same hypothetical increase/decrease is applied to all birth cohorts (i.e. for all 

years from 2010 to 2060) either once at age at initiation (17.5) or at all ages where cessation can happen 

(from 30-34 to 75-79). For example, an hypothesis of a 50% decrease in initiation means that the number 

of youth starting smoking is divided by half compared to projected values for every birth cohort when it 

turns 17.5 years old, i.e. for every year from 2010 to 2060. Of course, the “extreme initiation scenario” is 

a special case since, when it assumed that no one starts smoking, the change takes effect as soon as 2010 

once and for all. 

By contrast, for a given birth cohort, hypothetical improvements of cessation behaviours apply to all ages 

concerned by cessation, which means that all smoking prevalence rates for people aged from 30-34 to 75-79 

are reduced by a similar percentage. That does not mean that this change in cessation for all age groups has 

the same impact on final SAM however, quite the contrary. Age groups where the percentage of smokers was 

greater and/or the numbers of quitters was already high and/or who quit the earliest are, at the end, the age 

groups most influential in the quantitative change of number of deaths due to tobacco. 



 

Supplementary material G: 

Smoking careers by sex and age for various birth cohorts 

  



 

Figure G1.  Age profiles of smoking prevalence for birth cohorts, for MALES 

 

Authors’ calculation. Self-reported “regular” + “occasional” smoking.  

Cohorts born 1926-1990; maximum number of measures is 8 (for cohorts born 1936-1960). 

Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986   
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Figure G2.  Age profiles of smoking prevalence for birth cohorts, for FEMALES 

 

Authors’ calculation. Self-reported “regular” + “occasional” smoking.  

Cohorts born 1926-1990; maximum number of measures is 8 (for cohorts born 1936-1960). 

Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986 
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Figure G3.  Age profiles of smoking prevalence for birth cohorts, expressed as relative value to the peak prevalence between 20 and 29 years 

old, for MALES 

 
Authors’ calculations. Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986 
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Figure G4. Age profiles of smoking prevalence for birth cohorts, expressed as relative value to the peak prevalence between 20 and 29 years 

old, for FEMALES 

 
Authors’ calculations. Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986 
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Supplementary material H: 

Sensitivity analyses 

 

Two different kinds of “sensitivity” analyses are performed to assess the robustness of our method and 

the confidence values of the point estimates of SAM due to lung cancer for France. 

 

Our first analyses are purely technical, in the sense that they rely on alternative data sources or 

assumptions in reconstituting time series of smoking prevalence (described in Supplementary material C). 

It consists first in checking the stability of our results to alternative data sources for older years (1980), 

and second in using weighted prevalence rates instead unweighted ones as used for estimation in reference 

method. 

 

Our second sensitivity tests are parametric, consisting in reproducing baseline estimation, 2010-2060 

reference projection, and changes due to “what if” scenarios with alternative values of the key parameters 

of age at initiation and/or intensity of smoking.  

The age at initiation is set to vary between 12 and 22 in a systematic and uniform way for all birth-cohorts. 

The intensity of smoking is set to an average number of cigarettes per day ranging from 10 to 25, also 

with a common value of intensity applied to all birth cohorts at all ages. An additional sensitivity test uses 

differential values of intensity by sex and age-group, based on the average daily consumption by sex and 

age measured in a general population survey in France in 2010 (“Enquête Santé Protection Sociale”): 

values range from 10.9 cigarettes per day for males aged 15-19 to a maximum of 17.4 for males aged 45-

49, and from 9.6 both for females aged 15-19 and 70-74 to a maximum of 14.2 for the females aged 40-

44.  

A more refined sensitivity analysis would have required different values of age at initiation for each 

cohort, or differential intensity of smoking per birth cohort and/or per year. In a more ambitious 

perspective, alternative options would consist of testing different sets of values for intensity parameters 

conditional on age at initiation and duration of smoking, following a joint distribution approach (as 

discussed in section 4.2. of main text). Finally, we acknowledge that we have not performed any kind of 

probabilistic sensitivity tests, which would have consisted in recalculating confidence intervals of 

prevalence rates on an ex-post basis in order to provide additional evidence on the robustness of our 

numerical application to lung cancer in France. 

The main findings of such sensitivity analyses can be found in Table H1 and Figure H2 below.  

  



29 

Table H1. SAM due to lung cancer in 2010: technical and parametrical sensitivity 

analyses  

Sensitivity analysis 
SAM due to lung 

cancer in 2010 

Difference in %  

to reference value 

Reference method and parameters 20,439  

Ancillary data sources  

(for smoking prevalence of year 1980) 
20,165 -1.3% 

Weighted prevalence rates 

(vs. unweighted in reference method) 
19,904 -2.6% 

Age at initiation = 14 yo  

(under reference intensity of 15 cigs /day) 
24,167 +18.2% 

Age at initiation = 20 yo  

(under reference intensity of 15 cigs /day) 
18,017 -11.8% 

Intensity : 10 cigs /day 

(under reference age at initiation of 17.5 yo)  
16,513 -19.2% 

Intensity : 20 cigs /day 

(under reference age at initiation of 17.5 yo) 
23,891 +16.9% 

Intensity : variable / age (ESPS 2010) 

(under reference age at initiation of 17.5 yo) 
20,041 -1.9% 

Authors’ calculations 

Sources: "Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1979a, 

1979b, 1980, 1981, 1986 ; ESPS 2010; Flanders et al. (2003), Knoke et al. (2008)  
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Figure H2. SAM due to lung cancer in 2010: alternative values for age at initiation and 

intensity of smoking 

 

Authors’s calculations 

Sources: Baromètres Santé (INPES/CFES) 1992, 1995, 2000, 2005, 2010 ; CFES surveys 1977, 1981, 1986 
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