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Supplementary Figure 1: Flow chart of participant exclusions  

 

 

 

 

 

 

 

 

 

146 556 participants 

recruited into the study 

24 159 participants aged ≥70 

at recruitment excluded 

122 397 participants aged 

30-69 at recruitment 

3557 participants missing information 

on smoking or covariates excluded 

118 840 participants included in main 

analyses of current versus never smoking 

9445 participants with major chronic 

disease at recruitment excluded 

109 395 participants without major chronic disease 

at recruitment included in analyses of ex- versus 

current or never smoking 
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                                                                    Supplementary Figure 2: 
                                           Mean consumption and age started smoking , by year of birth 
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                                           Supplementary Figure 3: 
Prevalence of smoking amount (number  of cigarettes/day), by sex and year of birth  
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                                       Supplementa ry Figure  4:
Distribution of reported number of cigarettes smoked per  day per current smoker  at baseline 

Note: the <1% of smokers who reported smoking >40 cigarettes/day not pictured.
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                       Supplementary Figure 5: 
Prevalence of age start ed smok ing, by sex and year of birth  
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                                                         Supplementa ry Figure  6: 
                   Distribution of reported age started smoking among current smokers  at baseline 

Note: the <1% of smokers who reported starting to smoke after age 40 not pictured.
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1 2 4 8

     Supplementary Figure 7: Cause−specific mortality at ages 30­69 years,
         cigarette smoker vs never­smoker, by amount smoked  at baseline 

Amount  Cause
of death smoked*

No.
deaths

RR (95% CI)

RR (95% CI)

RR=mortality rate ratio, adjusted for age at risk, sex, province, education, alcohol consumption and BMI 
CI=confidence interval
 
*Groups defined by number of cigarettes smoked reported at baseline. Mean number of cigarettes smoked at 
re­survey in those baseline­defined groups was 9, 14, 18, and 24 cigarettes per day, respectively.

Respiratory
cancers

Never 218 1.00 (0.87–1.15)
1−9/day 105 2.74 (2.26–3.32)
10−19/day 249 3.99 (3.53–4.52)
20/day 290 4.81 (4.28–5.40)
>20/day 121 6.56 (5.48–7.86)

Other cancers Never 935 1.00 (0.93–1.07)
1−9/day 172 1.22 (1.05–1.41)
10−19/day 269 1.31 (1.17–1.48)
20/day 251 1.35 (1.19–1.53)
>20/day 97 1.78 (1.45–2.17)

COPD Never 86 1.00 (0.80–1.25)
1−9/day 38 2.97 (2.16–4.09)
10−19/day 55 2.97 (2.28–3.87)
20/day 80 4.54 (3.63–5.68)
>20/day 30 5.92 (4.12–8.51)

Other respiratory Never 154 1.00 (0.84–1.19)
1−9/day 36 1.65 (1.19–2.28)
10−19/day 47 1.40 (1.05–1.87)
20/day 52 1.46 (1.11–1.93)
>20/day 27 2.50 (1.70–3.67)

IHD Never 625 1.00 (0.92–1.09)
1−9/day 152 1.54 (1.32–1.81)
10−19/day 285 1.83 (1.63–2.06)
20/day 279 1.83 (1.63–2.07)
>20/day 93 2.00 (1.63–2.45)

Stroke and
other vascular

Never 618 1.00 (0.92–1.09)
1−9/day 151 1.59 (1.36–1.86)
10−19/day 223 1.52 (1.34–1.74)
20/day 234 1.62 (1.42–1.85)
>20/day 78 1.77 (1.41–2.21)

Other medical
causes

Never 678 1.00 (0.92–1.09)
1−9/day 110 1.01 (0.84–1.21)
10−19/day 194 1.15 (1.00–1.32)
20/day 205 1.28 (1.12–1.48)
>20/day 68 1.41 (1.11–1.79)

External causes Never 222 1.00 (0.87–1.16)
1−9/day 42 0.99 (0.73–1.34)
10−19/day 73 0.98 (0.77–1.23)
20/day 80 1.06 (0.85–1.33)
>20/day 36 1.53 (1.10–2.13)
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                Supplementary Figure 9: All ­cause mortality at ages 30 ­69 years, by sex and amount smoked 
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Supplementary Figure 10: A ll­cause mortality at ages 30­69 years, by age started smoking 
                                    and amount smoked , after mutual adjustment  
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Supplementary Figure 11: All−cause  mortality at ages 30−69  years, by age started smoking and amount smoked .
                                   Effect of excluding those who had quit for one or more years 
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                Supplementary Figure 12: All­cause mortality at ages 30­69 years
                     for cigar only and cigarette smokers versus never­smokers

Cause  
of death  

Baseline
smoking
pattern*

No.
deaths

RR (95% CI)

RR (95% CI)

RR=mortality rate ratio adjusted for age at risk, sex, province, education, alcohol consumption and BMI
CI=Confidence interval
Cigar only: mean 3 cigars/day. Cigarette: mean 15 cigarettes/day (and 7% also smoked cigars).

Respiratory
cancers

Never 218 1.00 (0.87–1.15)
Cigar only 19 1.59 (1.01–2.49)
Cigarettes 765 4.17 (3.87–4.50)

Other cancers Never 935 1.00 (0.93–1.07)
Cigar only 40 1.32 (0.96–1.81)
Cigarettes 789 1.34 (1.25–1.44)

COPD Never 86 1.00 (0.80–1.25)
Cigar only 6 1.63 (0.73–3.67)
Cigarettes 203 3.70 (3.21–4.26)

Other respiratory Never 154 1.00 (0.84–1.19)
Cigar only 9 1.27 (0.65–2.46)
Cigarettes 162 1.59 (1.36–1.85)

IHD Never 625 1.00 (0.92–1.09)
Cigar only 40 1.12 (0.82–1.54)
Cigarettes 809 1.78 (1.66–1.91)

Stroke and
other vascular

Never 618 1.00 (0.92–1.09)
Cigar only 49 1.64 (1.23–2.18)
Cigarettes 686 1.59 (1.48–1.72)

Other medical
causes

Never 678 1.00 (0.92–1.09)
Cigar only 34 1.14 (0.81–1.60)
Cigarettes 577 1.18 (1.09–1.28)

External causes Never 222 1.00 (0.87–1.15)
Cigar only 13 0.97 (0.56–1.69)
Cigarettes 231 1.07 (0.93–1.22)

All causes Never 3536 1.00 (0.97–1.04)
Cigar only 210 1.27 (1.11–1.46)
Cigarettes 4222 1.66 (1.61–1.71)
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Supplementary Figure 1 3: Mean number of cigarettes sold per adult per day in Cuba, 1980−2015  

Vertical dotted lines refer to baseline survey (1996−2002) and resurvey (2006−2008) periods.

Source: Suarez−Lugo N. Consumo de cigarrillos y elasticidad precio−demanda. Cuba 2016. Horizonte Sanitario 2016; 16(3).
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Supplementary Table 1: ICD-9 and ICD-10 codes for mortality endpoints 

Endpoint ICD-9 codes ICD-10 codes 

   

Cancer   

     Lung or upper-aerodigestive 140-150, 161-162 C00-C15, C32-C34 

     All other 151-160, 163-208 C16-C31, C35-C97 

   

Respiratory   

     COPD 490-492, 494-496 J40-J44, J47 

     All other 460-489, 497-519, 010-012 A15-16, J00-J39, J48-J98 

   

Vascular   

     Ischaemic heart disease 410-414 I20-I25 

     Stroke and all other 390-409, 415-459, 798 I00-I19, I26-I99 

   

External  800-1002 S00-Y89 

   

All-cause 000-1002 A00-Y89 

   

ICD=International Classification of Diseases; COPD=Chronic Obstructive Pulmonary Disease 
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Supplementary Table 2: Chacteristics of the 52 524 male participants included in the mortality analyses,
by smoking pattern and age started smoking

Never
smoker

Ex
smoker

Smoke
cigars only

Cigarette smoker, by age started

Any 5-9 10-14 15-19 20+

Participants 21 515 3745 2184 25 080 1129 8210 11 323 4418

Age, years 50 (10) 53 (10) 57 (9) 50 (9) 52 (10) 51 (10) 49 (9) 49 (9)

Smoking behavior

Age started smoking (years) - 16.3 (4.9) 16.7 (6.8) 15.8 (4.4) 8.1 (0.9) 12.4 (1.4) 16.5 (1.3) 22.5 (4.5)

Cigar smokers - - 2184 (100%) 2662 (11%) 181 (16%) 1032 (13%) 1064 (9%) 385 (9%)

Cigarettes/day at baseline - - - 16.2 (8.7) 19.6 (10.9) 17.5 (8.9) 15.8 (8.2) 13.7 (8.0)

Cigars/day at baseline - - 3.2 (3.0) 3.4 (4.0) 2.9 (3.2) 3.2 (3.7) 3.8 (4.5) 3.2 (3.6)

Current smokers at resurvey* 7% 26% 83% 85% 86% 82% 87% 85%

Cigarettes/day at resurvey* - - - 17.8 (10.1) 19.7 (9.7) 19.9 (10.5) 17.3 (10.1) 14.6 (8.7)

Cigarettes/day at resurvey
among all resurveyed*

0.9 (4.3) 4.6 (10.6) 2.6 (6.1) 14.6 (11.4) 15.7 (11.7) 15.7 (12.4) 14.6 (11.2) 11.9 (9.7)

Other characteristics

Completed high school 11 411 (53%) 1786 (48%) 566 (26%) 11 377 (45%) 286 (25%) 3110 (38%) 5561 (49%) 2420 (55%)

Consume alcohol weekly 4376 (20%) 1011 (27%) 619 (28%) 10 354 (41%) 428 (38%) 3356 (41%) 4791 (42%) 1779 (40%)

BMI kg/m² 24.4 (3.8) 24.5 (3.7) 24.7 (4.1) 23.8 (3.6) 23.7 (4.0) 23.7 (3.7) 23.8 (3.5) 24.0 (3.6)

SBP (mmHg) 125 (13) 127 (15) 128 (16) 125 (14) 125 (16) 124 (14) 125 (13) 125 (14)

N (%) or mean (SD) shown.
BMI=body-mass index; SBP=systolic blood pressure
* Of the 3578 participants resurveyed, 1519 were men. Among men at baseline, 732 participants reported never smoking, 57 ex-smoking, 69 cigar smoking only,
and 661 cigarette smoking (mean 18/day).
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Supplementary Table 3: Characteristics of the 66 316 female participantsincluded in the mortality analyses,
by smoking pattern and age started smoking

Never
smoker

Ex
smoker

Smoke
cigars only

Cigarette smoker, by age started

Any 5-9 10-14 15-19 20+

Participants 43 671 3332 351 18 962 595 5222 7842 5303

Age, years 51 (10) 52 (10) 57 (9) 48 (9) 50 (10) 48 (9) 47 (9) 49 (9)

Smoking behavior

Age started smoking (years) - 18.8 (7.3) 19.5 (9.9) 17.5 (6.2) 8.1 (1.0) 12.5 (1.3) 16.5 (1.4) 24.7 (6.7)

Cigar smokers - - 351 (100%) 502 (3%) 26 (4%) 147 (3%) 192 (2%) 137 (3%)

Cigarettes/day at baseline - - - 13.4 (8.2) 16.1 (9.6) 15.1 (8.5) 13.3 (7.8) 11.5 (7.8)

Cigars/day at baseline - - 3.4 (3.7) 5.6 (6.2) 2.0 (1.3) 5.1 (5.7) 7.2 (7.2) 4.7 (5.4)

Current smokers at resurvey* 3% 26% 50% 81% 86% 83% 83% 76%

Cigarettes/day at resurvey* - - - 13.7 (8.4) 17.8 (9.9) 14.5 (8.0) 13.8 (7.6) 12.1 (9.4)

Cigarettes/day at resurvey
among all resurveyed*

0.3 (2.3) 3.1 (6.5) 5.0 (12.2) 11.0 (9.3) 15.4 (11.1) 12.1 (9.1) 11.3 (8.7) 9.0 (9.7)

Other characteristics

Completed high school 17 072 (39%) 1221 (37%) 63 (18%) 7270 (38%) 92 (15%) 1554 (30%) 3289 (42%) 2335 (44%)

Consume alcohol weekly 1235 (3%) 190 (6%) 51 (15%) 1752 (9%) 50 (8%) 553 (11%) 768 (10%) 381 (7%)

BMI kg/m² 24.8 (4.4) 24.7 (4.8) 24.7 (4.5) 23.9 (4.4) 23.6 (5.2) 23.7 (4.6) 23.8 (4.2) 24.2 (4.4)

SBP (mmHg) 124 (16) 124 (17) 128 (17) 122 (16) 123 (19) 121 (16) 122 (16) 122 (16)

N (%) or mean (SD) shown.
BMI=body-mass index; SBP=systolic blood pressure
* Of the 3578 participants resurveyed, 2059 were women. Among women at baseline, 1501 participants reported never smoking, 34 ex-smoking, 6 cigar smoking
only, and 518 cigarette smoking (mean 13/day).
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 Supplementary Table 4: Characteristics at resurvey about 6 years later, by baseline smoking status and amount smoked

 

 
Never 

smoker 
Ex 

smoker 
Smoke 

cigars only 

Cigarette smoker, by cigarettes/day at recruitment 

Any < 10 10-19 20 21+ 

Participants 2243 92 76 1186 262 350 430 144 

Smoking status at resurvey         

Never­smoker 2070 (92%) 0 (0%) 0 (0%) 1 (<0.5%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 

Ex­smoker 73 (3%) 68 (74%) 15 (20%) 194 (16%) 63 (24%) 67 (19%) 50 (12%) 14 (10%) 

Smoke < 20 cigs/day 62 (3%) 13 (14%) 10 (13%) 525 (44%) 168 (64%) 199 (57%) 126 (29%) 32 (22%) 

Smoke 20 cigs/day 23 (1%) 5 (5%) 4 (5%) 317 (27%) 19 (7%) 57 (16%) 198 (46%) 43 (30%) 

Smoke >20 cigs/day 6 (<0.5%) 4 (4%) 2 (3%) 121 (10%) 5 (2%) 18 (5%) 49 (11%) 49 (34%) 

Smoke cigars only 9 (<0.5%) 2 (2%) 45 (59%) 28 (2%) 7 (3%) 9 (3%) 7 (2%) 5 (3%) 

Average daily cigs         

At baseline - - - 15.8 (9.5) 4.8 (2.0) 11.5 (2.2) 20.0 (0.0) 34.0 (8.6) 

At resurvey, per smoker * 12.3 (9.6) 16.8 (11.9) 13.0 (8.9) 16.0 (9.6) 9.3 (7.5) 14.1 (7.6) 18.3 (7.5) 24.1 (13.0) 

At resurvey, all participants †  0.5 (3.1) 4.0 (9.2) 2.7 (6.6) 13.0 (10.7) 6.8 (7.6) 11.1 (8.9) 15.8 (9.4) 20.7 (14.7) 

Average daily cigars         

At baseline - - 2.4 (1.4) 0.1 (0.4) 0.0 (0.2) 0.1 (0.4) 0.1 (0.4) 0.1 (0.3) 

At resurvey, per smoker *  0.3 (1.1) 0.3 (0.7) 1.9 (1.7) 0.1 (0.6) 0.2 (0.7) 0.1 (0.7) 0.1 (0.6) 0.1 (0.6) 

At resurvey, all participants † 0.0 (0.2) 0.1 (0.4) 1.5 (1.7) 0.1 (0.6) 0.1 (0.6) 0.1 (0.6) 0.1 (0.6) 0.1 (0.5) 

 
 
N (%) or mean (SD) shown. Includes only participants with non-missing smoking information, and non-missing blood pressure and BMI values 
* Among those self-reporting current smoking at resurvey 
† Among all participants, ie, those reporting never­ or ex­smoking assigned zero cigarettes/day 
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Supplementary Table 5: Cause­specific population-attributable fractions (PAF) at ages 30-69 years, by sex 

 
Male 

 
Female  

Cause of death 
No. of deaths 

smokers/non-smokers RR (95% CI) PAF (%) 
 

No. of deaths 
smokers/non-smokers RR (95% CI) PAF (%) 

 

IHD 662/304 1.55 (1.35-1.78) 24  320/321 2.03 (1.74-2.38) 25  

Stroke and other vascular 526/223 1.57 (1.34-1.84) 26  321/395 1.60 (1.38-1.86) 17  

Respiratory cancers 575/104 3.22 (2.60-3.99) 58  271/114 4.61 (3.69-5.75) 55  

Other cancers 473/236 1.30 (1.11-1.53) 15  478/699 1.34 (1.19-1.51) 10  

COPD 115/23 3.25 (2.06-5.12) 58  113/63 3.48 (2.54-4.77) 46  

Other respiratory 110/62 1.21 (0.88-1.66) 11  78/92 1.80 (1.33-2.45) 20  

Other medical 441/230 1.25 (1.06-1.47) 13  276/448 1.19 (1.02-1.38) 6  

All medical 2902/1182 1.61 (1.50-1.73) 27  1857/2132 1.72 (1.61-1.83) 19  

IHD=Ischaemic Heart Disease; COPD=Chronic Obstructive Pulmonary Disease 
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Supplementary Table 6: Comparisons between the never-smoker lung cancer 
mortality rates in the Cuba Prospective Study during 1996-2016 and the American 
Cancer Society prospective study during 1984-88 

Men 

Age at 
risk 

(years) 

Person 
years 

Cuba 
rate/100000 

ACS 1984-88 
rate/100000 

Cuba study 
lung ca. 
deaths 

Expected 
deaths at ACS 

rate 

40-44 31886 0 3 0 1 

45-49 47970 2.1 5 1 2 

50-54 59413 10.1 7 6 4 

55-59 57494 19.1 10 11 6 

60-64 53857 53.8 14 29 8 

65-69 47224 57.2 20 27 9 

70-74 39586 98.5 27 39 11 

75-79 31523 92.0 35 29 11 

Women 

Age at 
risk 

(years) 

Person 
years 

Cuba 
rate/100000 

ACS 1984-88 
rate/100000 

Cuba study 
lung ca. 
deaths 

Expected 
deaths at ACS 

rate 

40-44 60140 3.3 3 2 2 

45-49 91629 2.2 4 2 4 

50-54 116435 7.7 7 9 8 

55-59 118020 13.6 10 16 12 

60-64 113870 28.1 14 32 16 

65-69 105126 39.0 19 41 20 

70-74 92355 40.1 26 37 24 

75-79 75781 42.2 34 32 26 

Source: appendix to Lancet 1992; 339: 1268-78 
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Supplementary Table 7: Baseline characteristics of 1997-2014 US National Health Interview Surveys  

 

 
Never 

smoker 

Ex- 

smoker 
Daily* 

smoker 

Daily smokers, by age began regular smoking Total 

 < 10 10-14 15-17 18-20 > 20 

 n=186 040 n=77 315 n=63 101 n=1225 n=12 111 n=21 381 n=16 132 n=12 252 n=326 456 

Mean (SD):          

Age started smoking† - 18 (4) 18 (  5) 8 (1) 13 (1) 16 (1) 19 (0.1) 26 (5) - 

Cigarettes/day  - - 17 (10) 21 (13) 20 (11) 18 ( 10) 16 (9) 14 (9) - 

Age (in range 30-69) 46 (11) 52 (11) 47 (10) 49 (11) 47 (10) 46 (10) 47 (10) 48 (10) 48 (11) 

Characteristics (% of n):          

     Male  40% 53% 50% 68% 55% 50% 49% 44% 45% 

     Consume alcohol weekly 25% 37% 37% 36% 37% 38% 38% 34% 30% 

     High school graduate 85% 86% 78% 58% 70% 76% 84% 84% 84% 

     Race/ethnicity, self-defined          

        Non-Hispanic White 57% 73% 71% 72% 75% 74% 70% 62% 64% 

        Non-Hispanic Black 16% 10% 15% 12% 11% 14% 16% 21% 14% 

        Hispanic 21% 12% 10% 11% 10% 9% 10% 12% 17% 

        Other 7% 4% 4% 5% 4% 4% 5% 5% 6% 

    Region          

        North-East 17% 19% 17% 14% 18% 18% 17% 15% 18% 

        Mid-West 21% 23% 26% 24% 25% 26% 27% 24% 22% 

        South 37% 34% 39% 41% 38% 39% 38% 41% 37% 

        West 25% 24% 18% 20% 19% 17% 18% 20% 23% 

  

Analyses restricted to 326 456 adults surveyed at ages 30-69 in the 1997-2014 annual National Health Interview Surveys (NHIS). 

*Smokers who at the time they were surveyed did not smoke daily are excluded from this table.  

†The few who reported starting regular smoking before age 6 were assigned age 6 during data collection. 
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Brief report on analyses of the 1997‐2014 US National Health Interview Surveys     

Introduction: We investigate the association between age started smoking and adult mortality, using 

public data from the annual US National Health Interview Surveys (NHIS).1  

Methods: 552 837 US adults aged ≥18 years were surveyed in 1997-2014 and followed until 

1.1.2016 via the National Death Index. They were asked whether they smoked, how much they 

smoked, and when they had started regular smoking. The few who smoked, but not every day, were 

excluded. Current smokers were grouped by the age when they had begun daily smoking (<10, 10-

14, 15-17, 18-20, or >20 years). Adjusted Cox regression was used to estimate smoker versus never-

smoker mortality rate ratios at ages 30-69 years in each group. Rate ratios (with group-specific 95% 

CIs2) were adjusted for age-at-risk (8 categories), sex, race (4 categories), education (4 categories), 

region (4 categories), and drinking (5 categories). NHIS surveys were conducted by the National 

Center for Health Statistics; participants gave informed consent. We used SASv9.4 (SAS Institute) for 

statistical analyses, and Rv3.1.1 for graph-plotting.  

Results: Among 326 456 adults aged 30-69 without missing demographic or mortality information, 

63 101 (19%) were daily smokers, 77 315 (24%) ex-smokers, and 186 040 (57%) never-smokers. Of 

daily smokers, 13 336 (21%) had started smoking regularly in childhood (ie, before age 15), of whom 

1225 (2%) had started before age 10 (Table). Compared with those who had started later, those 

who had started in childhood were more likely to be male, more likely to be non-Hispanic white, less 

likely to graduate high school, equally likely to drink, but smoked more cigarettes/day.  

During 2.2 million person-years of follow-up at ages 30-69, there were 6698 deaths among never-

smokers and 6691 among daily smokers. The fully adjusted all-cause mortality rate ratio comparing 

daily versus never‐smokers was 3.70 (95% CI 3.25-4.21) for those who had started before age 10, 

2.91 (2.76-3.06) for those who had started at ages 10-14, 2.43 (2.33-2.54) for those who had started 

at ages 15-17, 2.20 (2.09-2.32) for those who had started at ages 18-20, and 2.04 (1.93-2.17) for 

those who had started after age 20. These associations were little altered by further adjustment 

for cigarettes/day. 

Discussion: For those who had started after age 20, current smoking approximately doubled all-

cause mortality rates at ages 30-69, but for those who had started in childhood current smoking 

approximately tripled all-cause mortality rates at ages 30-69, with the highest rates in the few who 

had started before age 10. According to the 2017 NHIS, about 5 million of the 25 million daily 
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smokers in the US had started in childhood, among whom 0.5 million had started before age 10. 

These 5 million smokers will be at particularly high risk of death from smoking if they do not quit.  

Tobacco surveillance systems routinely report the incidence and prevalence of smoking before age 

15 in the United States3 and other populations,4 and those who start smoking before age 10 will, if 

they continue, be at even greater risk of premature death than children who start at 10-14. Starting 

daily smoking in childhood approximately triples the risk of premature death at ages 30-69, and if 

this three-fold death rate ratio continues at older ages among those who continue to smoke then it 

means that about two-thirds of those who start smoking before 15 and do not stop will eventually 

be killed by their habit. These US findings (which match similar findings from Cuba in this report) 

mean that adult smokers who started in childhood or adolescence can expect particularly large gains 

from smoking cessation.  
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