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ABSTRACT 

Background 

Characterizing smoking patterns over time is essential for evaluating the impact of tobacco control interventions and predicting smoking-related mortality. 

Beginning with a 1920s birth cohort, smoking histories (i.e., estimates of smoking initiation and cessation, and prevalence of current and former smokers) were 

generated. 

Data 

The Ontario sample (n = 238,411) of the 2003 to 2013 cycles of the Canadian Community Health Survey, which is conducted biennially, was used to obtain 

cross-sectional information on current smoking behaviour.  

Methods 

Age at smoking initiation and age at smoking cessation were used to construct smoking histories for each respondent, up to the survey date. An age-period-

cohort model was generated and used to examine survival differences by smoking status. Using the model, and adjusting for survival differences in smoking 

status, the prevalence of current, former and never smokers was estimated in cohorts from 1920 to 1985. Smoking initiation, cessation and intensity were then 

estimated for age-specific distributions of each birth cohort. These rates were projected forward through to 2041. Smoking patterns by highest level of education 

were generated using education-stratified models. 

Results 

Smoking histories show clear trends over time by sex, cohort and age. If current patterns persist, smoking prevalence is projected to decline to single digits 

(below 10%) by 2023 for women and 2040 for men.  

Interpretation 

Birth-cohort-specific smoking histories can be generated using cross-sectional health surveys. These cohort histories can describe smoking patterns over time 

and into the future. In turn, these histories can be used in micro-simulation models to evaluate historic or planned tobacco control interventions, and to project 

smoking prevalence.  

Keywords 

models; statistical prevalence; smoking, epidemiology and trends; smoking cessation; statistics and numerical data; education 

AUTHORS 

Douglas G. Manuel (dmanuel@ohri.ca), and Carol Bennett are with the Ottawa Hospital Research Institute and ICES in Ottawa, Ontario. 

Andrew S. Wilton is also with ICES. Douglas G. Manuel is also with Statistics Canada, and the Department of Family Medicine and the School 

of Epidemiology, Public Health and Preventative Medicine at the University of Ottawa. Adrian Rohit Dass, and Audrey Laporte are with Institute 

of Health Policy, Management and Evaluation, at the Dalla Lana School of Public Health, University of Toronto, and the Canadian Centre for 

Health Economics. Theodore R. Holford is with the Department of Biostatistics at the Yale School of Public Health in New Haven, Connecticut.

Smoking patterns based on birth-cohort-specific histories 
from 1965 to 2013, with projections to 2041

by Douglas G. Manuel, Andrew S. Wilton, Carol Bennett, Adrian Rohit Dass, Audrey Laporte,  
and Theodore R. Holford  



Research Article Smoking patterns based on birth-cohort-specific histories from 1965 to 2013, with projections to 2041 

Statistics Canada, Catalogue no. 82-003-X 17 Health Reports, Vol. 31, no. 11, November 2020  

n most countries, including Canada, smoking remains the 
leading cause of mortality that is attributable to 
health behaviour.1-3 To monitor progress in reducing 
smoking prevalence, studies have relied on observing 

smoking prevalence trends using either general population 
health surveys, such as the Canadian Community Health Survey 
(CCHS), or tobacco-focused surveys, such as the Canadian 
Tobacco, Alcohol and Drugs Survey.4 Two properties of 
smoking history are important in assessing the effect of anti-
smoking strategies: life-course smoking exposure and smoking 
initiation and cessation information. Life-course smoking 
exposure is important because smoking-attributable chronic 
diseases have a long latency. Initiation and cessation 
information are essential to assess the two main strategies for 
reducing smoking prevalence (i.e., strategies to reduce smoking 
initiation or increase smoking cessation).  

This study’s objective was to characterize smoking history by 
sex using birth cohorts beginning in 1920. Smoking histories for 
each birth cohort included age at smoking initiation and 
cessation, which was used to construct smoking prevalence for 
each calendar year from 1971 to 2041. Given known differences 
in smoking rates by socioeconomic status, and evidence that 
inequalities are widening over time in Canada and in many other 
countries,5-7 a secondary objective was to characterize smoking 
history by socioeconomic status.  

Methods

Data

The Ontario samples from the 2003 to 2004, 2005 to 2006, 2007 
to 2008, 2009 to 2010, 2011 to 2012 and 2013 to 2014 CCHS 
cycles were used to retrospectively reconstruct smoking 
histories. The CCHS uses a multistage stratified cluster design 
that represents approximately 98% of the Canadian population 
aged 12 and older (average response rate of 80.5%).8

Individuals in each household were automatically selected to 
participate in the survey using various selection probabilities 
based on age and household composition. Each respondent was 
assigned a weight that signified the number of individuals that 
the respondent represented in the target population. Individuals 
living on reserves, institutionalized residents, full-time 
members of the Canadian Forces and residents of certain remote 
areas were excluded from the survey. 

Ascertainment of smoking exposure and 

sociodemographic status

Smoking exposure was measured by self-reported smoking 
status at the time of the survey (current, former or never 
smoker), age of initiation and age of cessation (see Appendix 1). 
A lifetime smoking history was created for each respondent 
from birth to survey date. Smoking history begins at birth, when 
an individual is a “never smoker.” Next, there is a possible 
transition to “current smoker,” followed by a further possible 

I

What is already known on this subject? 

• Holford et al. (2014) developed a smoking history generator model that uses birth-cohort-specific smoking histories to model 
smoking patters. Using United States survey data, the age-period-cohort model predicted historic smoking prevalence that 
closely approximated observed smoking prevalence.  

• The smoking history generator model has been used to project future smoking prevalence, incidence and cessation. Using 
microsimulation models, the model has also been used to assess the effectiveness of smoking prevention strategies.  

What does this study add? 

• Smoking patterns based on birth-cohort-specific histories can be generated using the Canadian Community Health Survey and 
other surveys that contain questions on timing of smoking initiation and cessation. 

• This study found a close approximation between modelled and observed smoking prevalence in Canada. The replication of the 
same modelling approach in two countries (Canada and the United States) suggests that the approach is robust. 

• To the authors’ knowledge, this the first study to estimate historic smoking initiation and cessation by sociodemographic groups 
and to project future smoking prevalence. The projections suggest that, in Canada, a large, persistent difference in smoking 
prevalence will remain through to 2041 between people with a postsecondary education and those with less than a high school 
diploma. 

• There is merit to replicating this study in other countries with similar population health surveys, given the robustness of the 
approach and the importance of projecting smoking prevention. 
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transition to “former smoker” (see Appendix 2 for details on the 
smoking history model). The probability of smoking initiation 
was assumed to be zero before age 8, and the probability of 
smoking cessation was assumed to be zero before age 15.9

Highest level of education was ascertained from the following 
two questions: “Did you graduate from high school (secondary 
school)?” and “What is the highest degree, certificate or 
diploma you have obtained?” 

Immigration status was ascertained from the following two 
questions: “In what country were you born?” and “In what year 
did you first come to Canada to live?”  

For most variables, less than 2% of data were missing (see 
Table 1). Missing data were imputed using a multiple 
imputation model based on sex, birth year, immigration status 
and ethnicity.10

Details on variable transformation and recoding are available in 
the cchsflow library.11

Analysis

Smoking history model

This study used the Holford et al. (2014) age-period-cohort 
approach, which was used to create the National Cancer 
Institute’s smoking history generator model for the population 
of the United States.9 The smoking history generator model 
contains two parts: a smoking initiation model (for people who 
had not already started smoking) and a smoking cessation 
model (for those who were currently smoking).  

This study differs in two ways from the study conducted by 
Holford et al.9 First, immigrants in this study were excluded 
from the smoking models for the period prior to their 
immigration to Canada. Second, survival differences by 
smoking status were estimated using a multivariable predictive 
model that considered detailed smoking history and other health 
behaviours.1 Comparatively, the Holford et al. (2014) approach 
used a constant mortality risk ratio based on smoking status (see 
the following section on mortality adjustment for further 
details).  

Overall
Survey sample         
(N = 107,656)

Represented 
population‡  

Survey sample       
(N = 130,755)

Represented 
population‡ 

Represented 
population‡  

Age group (years)
10 to 19 13.7 12.6 10.9 11.6 12.1
20 to 29 11.8 16.5 11.4 15.7 16.1
30 to 39 13.9 15.9 13.9 16.2 16.0
40 to 49 14.8 18.9 12.9 18.1 18.5
50 to 59 15.8 16.2 16.1 16.0 16.1
60 to 69 15.1 10.9 15.7 11.3 11.1
70 to 79 10.3 6.3 11.8 7.2 6.8
80 to 89 4.3 2.4 6.5 3.5 3.0
90 to 99 0.4 0.2 0.8 0.4 0.3

Smoking status
Current 22.0 21.9 17.6 15.9 18.9
Former 30.6 25.9 23.8 19.6 22.7
Never 47.4 52.1 58.6 64.5 58.4

Immigrant status
Immigrant 29.8 36.6 29.8 37.0 36.8
Non-immigrant 68.6 60.8 68.5 60.5 60.7
Missing 1.6 2.5 1.6 2.5 2.5

Ethnicity
White 76.6 67.1 77.4 67.4 67.3
Non-white 22.1 30.8 21.2 30.5 30.7
Missing 1.4 2.1 1.4 2.0 2.0

Education
Less than high school 25.2 20.9 23.4 20.1 20.5

High school graduate 23.2 24.1 24.6 24.9 24.5
Postsecondary graduate 49.8 52.8 50.2 52.8 52.8
Missing 1.8 2.2 1.7 2.2 2.2

Survey cycle
2003 to 2004 17.0 15.7 16.7 15.6 15.7
2005 to 2006 16.6 16.1 16.2 16.0 16.1
2007 to 2008 17.3 16.5 17.2 16.5 16.5
2009 to 2010 16.6 16.9 16.7 17.0 17.0
2011 to 2012 16.2 17.2 16.6 17.2 17.2
2013 to 2014 16.3 17.6 16.6 17.7 17.6

‡  Population estimated using the Canadian Community Health Survey sampling weights.
Source: Canadian Community Health Survey.

Table 1 
Baseline description of study cohorts

Male cohort Female cohort

percent
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An age-period-cohort model was constructed for each part of 
the model (i.e., the smoking initiation model and the smoking 
cessation model). The three components of the model were 
related by c = t – a, where c represents the cohort or year of 
birth, a represents age, and t represents the period or 
calendar year.9 The smoking initiation model was the 

conditional probability that an individual in cohort c started 
smoking at age a, given that they were a non-smoker at a – 1. 
The cumulative proportion of “ever smokers” (current or former 
smokers) at age a was estimated using life table methods, 
adjusted for mortality differences by smoking status and other 
predictors (see the following section on mortality adjustment).  
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Figure 1 
Historic and projected prevalence of current smokers by sex, calendar year and birth cohort, Ontario, 1928 to 2041

Note: Dashed lines indicate extrapolations.
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The smoking cessation model was the conditional probability 
that a current smoker in cohort c ceased smoking at age a, given 
that they were a smoker at a – 1. The cessation rates provided 
an estimate, for each sex-age cohort, of the cumulative cessation 
probability for ever smokers who had not yet quit smoking. The 
combination of these two models provided the prevalence of 

current smokers and former smokers in each year for each birth 
cohort. The model assumes that a person smoked in each year 
from the age at which they started smoking until either the age 
they quit (former smoker) or the year of the survey (current 
smoker).  

Note: Dashed lines indicate extrapolations.
Source: Author's compilation based on the 2015 Canadian Community Health Survey – Nutrition content.

Figure 2 
Historic and projected prevalence of former smokers by sex, calendar year and birth cohort, Ontario, 1928 to 2041

0%

10%

20%

30%

40%

50%

60%

70%

1920 1940 1960 1980 2000 2020 2040

Former smoker prevalence

Calendar year

Panel A—women 

1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s

0%

10%

20%

30%

40%

50%

60%

70%

1920 1940 1960 1980 2000 2020 2040

Former smoker prevalence

Calendar year

Panel B—men

1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s



Research Article Smoking patterns based on birth-cohort-specific histories from 1965 to 2013, with projections to 2041 

Statistics Canada, Catalogue no. 82-003-X 21 Health Reports, Vol. 31, no. 11, November 2020  

At the time of this study, 2013 was the last year for which data 
were available for initiation and cessation estimates. 
Respondents born after 1985 (i.e., those younger than age 18 in 
2003) were not included in the estimates. In the initiation and 
cessation models, the cohort effect was assumed constant from 
1985 forward. The period effect of initiation was assumed 
constant from 1999 forward for men and from 2003 forward for 
women. Finally, the period effect of cessation was assumed 
constant from 2013 forward. The number of respondents born 
prior to 1920 was small. As such, the period effect was assumed 
constant prior to 1928, and the cohort effect was assumed 
constant from 1920 backward.  

The model was estimated using the general linear model 
command (PROC GENMOD) in SAS. Using the combined 
CCHS surveys, the incidence of initiation (or cessation) was 
first estimated by age and cohort using an age-cohort linear 
logistic model. Constrained natural cubic splines were used to 
provide nonparametric additive effects, using the same knot 
points described by Holford et al.9,12

Mortality adjustment for survival bias from smoking 

status

Non-smokers were more likely to survive to survey date than 
smokers, and therefore they produced biased (downward) 
estimates of smoking initiation. Initiation rates were adjusted 
for this survival bias using a weight for never smokers and ever 
smokers in each historical year that reflected the proportion of 
ever smokers who would have died prior to the survey date. The 
survival bias weight was calculated using Mortality Population 
Risk Tool (MPoRT). The MPoRT includes age, smoking status, 
time since quitting, immigration status and sex, and was used to 
calculate each respondent’s one-year probability of death for 
each historical year up to the survey date.1 See Appendix 2 for 
details. 

Population smoking prevalence 

Smoking prevalence was modelled based on smoking initiation 
and cessation, which reflects how long a person smokes (as 
described in Equation 1).9 The historic and projected population 
prevalence reflects an open population (i.e., a population that 
includes births, deaths, immigration and emigration).  

Equation 1: Current smoking prevalence (Pc) for cohorts, based 
on initiation (ever smokers) and cessation 

��	(�, �) = �� (�, �)�	�(�, �)

��	(�, �) = prevalence of current smokers at age � for cohort �

�� (�, �) = prevalence of ever smokers at age � for cohort � (Pe

reflects initiation probabilities) 

�(�, �) = cumulative proportion of smokers in cohort � who had 
not ceased smoking by age � (Q reflects cessation probabilities)

The annual age- and sex-specific prevalence rates for current 
and former smokers was estimated by multiplying the age- and 
sex-specific prevalence rates by the historic and future age- and 
sex-specific population projections. The population estimates 
were derived in DemoSim, a microsimulation demographic 
projection model designed to project the Canadian population 
according to various ethnocultural characteristics.13 The total or 
overall prevalence rate was the sum of the age- and sex-specific 
prevalence estimates, divided by the sum of the age-specific 
population estimates. 

Assessment of model performance

The modelled annual population prevalence (modelled using 
smoking initiation and cessation rates, and adjusted for the 
increased mortality risk of smokers) of current and former 
smokers was compared with historic survey results using the 
Survey of Smoking Habits (1971 to 1986),11,14-22 the Canadian 
Health Survey (1978),23 the General Social Survey (1985 and 
1991),16,17 the Ontario Health Survey (1990),18 and the National 
Population Health Survey (1994 to 1998).20,21,24 These surveys 
used different survey methods and smoking ascertainment 
questions. Where possible, smoking status ascertained by 
survey reflected the definitions used in the study’s model.  

Secondary analysis

To assess the impact of socioeconomic status on smoking 
history, the models were further stratified by highest level of 
education (postsecondary, high school, less than high school). 
To approximate highest level of education, only respondents 
aged 25 or older at the time of survey response were included 
in the education-stratified models. 

Sensitivity analyses

Sensitivity analyses were performed on the case ascertainment 
of smoking (Appendix 1) and the assumed fixed rates of 
initiation and cessation for recent and future years in the 
initiation and cessation models. 

Results

Current smoker prevalence was estimated by year for birth 
cohorts from 1920 to 2000, as shown in Figure 1. For men, 
current smoker prevalence was highest for the 1920s cohort 
(peaking in 1945, at 63%) and then declined by almost two-
thirds for the most recent cohort (projected maximum of 23% 
for the birth cohort from 2000 onward). The decline was 
steepest from 1970 to 2000, when smoking prevention 
strategies were progressively introduced. Current smoker 
prevalence in early cohorts was lower for women than for men, 
with current smoker prevalence increasing until the 1960s 
cohort (39% maximum in 1973) and then declining (17% 
projected maximum for the 2000s cohort). 

Figure 2 shows the former smoker prevalence for birth cohorts 
from 1920 to 2000. Men in the cohorts from 1920 onward 
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showed a decline in former smoking prevalence. Former 
smoker prevalence declined in all cohorts after age 60 
(approximately), which reflects the higher mortality risk for 
former smokers compared with never smokers, as well as lower 
smoking initiation rates. For women, former smoker prevalence 
increased until the 1980s cohort and then declined.  

The annual initiation and cessation probabilities upon which the 
modelled prevalence estimates were generated are shown in 
Appendix 3. For both men and women, the age at which they 
started smoking remained virtually unchanged over the past 80 
years. Across all cohorts, the peak age of initiation was 15 to 17 
for women and 16 for men. Over this same period, the 
likelihood of smoking initiation decreased quickly after age 16, 
with few people older than age 30 ever starting to smoke. 
Women born during the 1920s and 1930s were an exception: 
they continued to start smoking in their 30s and 40s. For both 
men and women, the likelihood of smoking cessation generally 
increased with age, and the pattern was more pronounced for 
women. Over the past 80 years, the increasing rate of smoking 
cessation contributed to the steady increase in the prevalence of 
former smokers. This also means that smokers in more recent 
birth cohorts quit smoking at earlier ages and smoked for fewer 
years than smokers from previous birth cohorts. Historically, 
few people quit smoking when they were young, and instead 
quit when they were in their 40s or older. In more recent years, 
it has become more common for smokers to quit at younger 
ages. 

Current smoker prevalence has dropped steadily since the 1970s 
(Figure 3). Current smoker prevalence is projected to drop 
below 10% (single-digit prevalence) by 2023 for women and by 
2040 for men. The projected decline in smoker prevalence is a 
result of recent cohorts being less likely to start smoking and, 

among ever smokers, being more likely to stop smoking earlier 
than historic cohorts. Current smoker prevalence is projected to 
continue to decline, even if there are no future improvements in 
smoking initiation and cessation rates. This inevitable decrease 
in current smoker prevalence is a consequence of older people 
(who smoke at higher rates) being slowly replaced by their 
children and grandchildren, who smoke at much lower rates. 
For men, the modelled current smoker prevalence closely 
approximated historic smoking surveys. For women, there was 
a modest underestimation of modelled smoker prevalence 
compared with surveys prior to 2000.  

Former smoker prevalence has increased steadily since the 
1970s, but plateaued in recent years (Appendix 4). The steady 
increase in former smoker prevalence is a consequence of the 
high historic smoking initiation rates combined with the long 
period that a person is classified as a former smoker (until they 
die).  

Current smoker prevalence stratified by highest level of 
education is shown in Figure 4. From 1971 through to 2041, 
respondents whose highest level of education was less than a 
high school diploma had persistently higher rates of current 
smoker prevalence compared with other respondents. Those 
with less than a high school diploma were not projected to 
achieve single-digit current smoker prevalence during the study 
period. Conversely, women and men with a postsecondary 
education were projected to attain single-digit current smoker 
prevalence by 2017 and 2027, respectively. 

Discussion 

This study shows that smoking patterns based on birth-cohort-
specific histories can be generated using cross-sectional surveys 
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Source: Canadian Community Health Survey.

Figure 3 
Historic and projected prevalence of current smokers among men and women aged 20 and older, by modelled estimates and unadjusted survey results, 
Ontario, 1971 to 2041
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that contain questions on the timing of smoking initiation and 
cessation. Using the birth-cohort models, current smoker 
prevalence was projected to decline to single digits (less than 
10% by 2023 for women, and 2040 for men) in Ontario, Canada. 
However, this decline to single digits is not universal across 
socioeconomic groups. Current smoker prevalence is projected 

to continue to decline, even if there are no future improvements 
in initiation and cessation, because new cohorts are projected to 
have a lower lifetime smoking prevalence and will 
progressively replace historic cohorts that had much higher 
lifetime smoking prevalence.   

Note: Dashed lines indicate extrapolations.
Source: Author's compilation based on the 2015 Canadian Community Health Survey – Nutrition content.
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Information on smoking initiation and cessation is crucial for 
evaluating anti-smoking strategies, given that these strategies 
often aim to either reduce initiation or increase cessation. 
Cohort-specific histories form the basis of robust population 
models whose purpose is to project smoking prevalence and 
evaluate tobacco-control strategies designed to change smoking 
patterns.25 In Canada, this smoking model was used to estimate 
a $51-billion reduction in smoking-attributable health care 
expenditures between 2003 and 2041.26 In the United States, 
tobacco control was assessed using a similar model, and was 
found to be associated with the avoidance of 8 million 
premature deaths and an estimated extended mean life span of 
19 to 20 years.25

Comparison with other studies

This study replicated the Holford et al. (2014) modelling 
approach, which used United Stated health surveys from 1965 
to 2009.9 Compared with the Holford et al. study, the present 
study used historic health surveys that covered a shorter period 
(11 years, from 2003 to 2014), but had a larger sample size for 
each available survey. Additionally, because the historic data 
available covered a shorter period, this study had a shorter 
period of historic cohorts (starting in 1920 versus 1890). 
Despite these differences, this study was able to replicate 
accurate smoking histories. The successful creation of smoking 
histories in Canada and the United States using the same 
approach suggests that the modelling approach is robust. 
Further replication in other countries with different periods and 
intensity of policy implementation could provide further data 
for evaluating prevention and cessation strategies.  

To the authors’ knowledge, this is the first study to estimate 
historic smoking initiation and cessation by sociodemographic 
status and to project future smoking prevalence. There are 
significant inequities in smoking-attributable deaths and 
diseases in Canada, but the degree to which these inequities will 
persist has been unclear.1,27 This study’s projections suggest that 
a large, persistent difference in smoking prevalence will remain 
between people with a postsecondary education and those with 
less than a high school diploma.  

In the Holford et al. (2014) study, historic smoking prevalence 
more closely approximated historic surveys, likely because the 
historic data used in the model covered a longer period (46 
years). It is likely that more years of historic data improve the 
characterization of smoking histories and are important for 
evaluating historic smoking prevention and reduction strategies. 
However, this study’s close adherence to more recent 
prevalence estimates using only 11 years of historic data 
suggests that future projections can be generated with historic 
data that cover shorter periods.  

This study builds on previous studies that used Canada’s 
population health model to project smoking prevalence using 
linear interpolation and a probability matrix.28,29 The current 
study showed a closer approximation to historical smoking 
prevalence and a steeper decline in future smoking prevalence. 
Other studies have also generated historic cohorts using an 

observed rather than a modelled approach, with similar 
findings.30 Beyond Canada and the United States, the authors 
are not aware of any age-period-cohort models of smoking 
history that can be used to project smoking prevalence. 
However, there are historic cohorts for a number of countries.30

Limitations

Although the modelled estimates closely approximated survey 
estimates from the 2003 to 2013 cycles of the CCHS, there was 
modest underreporting of current smoking for women 
compared with other historic survey-reported prevalence. It is 
noteworthy that this study modelled smoking prevalence, unlike 
other studies that generated historic prevalence entirely from 
recall.30 Furthermore, comparisons with previous health surveys 
are not straightforward because of the different survey designs 
(population coverage, sampling approach, etc.), response rates 
and smoking questions. 

Several assumptions affect this study’s results. The smoking 
history model’s main assumption is that CCHS respondents 
accurately reported their historic smoking patterns, specifically 
when they started and stopped smoking. Although there is 
strong validation for self-reported smoking status among 
Canadians,31 there is no similar validation for age of smoking 
initiation or cessation. That stated, this study’s comparison of 
the modelled prevalence estimates with historical surveys found 
a close approximation between the two approaches, which 
suggests that any telescoping effect was modest. There are other 
supporting studies and improved ascertainment methods that 
consider smoking duration, quantity and quality.30,32,33

A constant smoking initiation and cessation rate after 1985 was 
also assumed. This assumption did not affect model accuracy 
up to 2013, but future projections may be lower—if the effect 
of control measures or social influence increase—or higher—
because of the introduction of vaping, which may translate into 
increased smoking initiation. 

This study’s analysis suggests that differences in smoking rates 
by socioeconomic status will persist over the next couple of 
decades. However, the analysis by socioeconomic status was 
challenging. The biggest challenge was defining life-course 
socioeconomic status using the cross-sectional CCHS data. 
Although level of education was the most feasible measure, the 
extent to which it corresponds to socioeconomic status over 
generations may have changed over time. 

Finally, for this study, the smoking questions were limited to 
cigarette smoking and did not include pipes, cigars, e-cigarettes, 
vaping, etc. The impact on smoking prevalence of more recent 
legislation with respect to e-cigarettes and other vaping 
products may not be adequately captured by the current model 
if smoking initiation and cessation patterns are impacted by 
these products. That stated, the model can be used to assess 
potential effects relative to the status quo.  
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Future directions

This study’s focus was Ontario, but CCHS data are available for 
all of Canada. Adding national data should improve the 
robustness of the model. Given the robustness of the approach 
and the importance of projecting smoking prevention, further 
replication in other countries with similar population health 
surveys that include questions on smoking initiation and 
cessation would be beneficial. The models used in the United 
States and elsewhere have also included smoking intensity 
which, if incorporated into the Canadian data, would enhance 
studies on smoking-attributable burdens in the Canadian 
context.9,32

Conclusions 

Birth-cohort-specific smoking histories can be generated using 
cross-sectional health surveys. Cohort smoking histories can 
describe smoking patterns over time and into the future, which 
in turn can be used in microsimulation models to evaluate 
historic or planned tobacco control interventions, and project 
smoking prevalence.
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APPENDIX

Appendix 1

Ascertaining smoking exposure from the Canadian Community Health Survey 

See cchsflow for details on ascertaining smoking exposure for different versions of the Canadian Community Health Survey.  

Canadian Community Health Survey – flow: Transforming and Harmonizing CCHS Variables (available in English only) 

 https://cran.r-project.org/web/packages/cchsflow/index.html or 

Canadian Community Health Survey – flow (available in English only) 

https://big-life-lab.github.io/cchsflow/

Smoking status questions 

1a) Have you smoked >100 cigarettes in your lifetime? Yes/No/Don’t know 

1b) Have you ever smoked a whole cigarette? Yes/No/Don’t know 

2) What is your current smoking status? Daily/Occasional/Non-smoker/Don’t know 

Smoking initiation question 

Age at which you smoked first whole cigarette? #/Don’t know 

Smoking cessation questions 

When did you stop smoking? 

How many years ago did you stop completely? #/Don’t know (derived from previous question) 

Non-smokers are defined as individuals who smoked fewer than 100 cigarettes in their lifetime or, if they did not know if they had smoked fewer than 100 

cigarettes in their lifetime, individuals who had never smoked a whole cigarette. 

Current smokers are defined as individuals who smoked at least 100 cigarettes in their lifetime or, if they did not know how many cigarettes they had 

smoked in their lifetime, individuals who gave an age of initiation and reported their current smoking status as “daily” or “occasional.” 

Former smokers are defined as current non-smokers who smoked at least 100 cigarettes in their lifetime. 

Age at cessation is defined as numbers of years since the individual stopped smoking completely, subtracted from their age at the time of the survey. 

Exclusions were made if start or stop (where appropriate) age could not be determined, or if responses were inconsistent. Where available, age at first 

whole cigarette was used as the start age. 

Case ascertainment sensitivity analyses 

Several different approaches were assessed to ascertain smoking status. These approaches had a small influence on the study’s main findings. 

First, in more recent surveys, those who smoked fewer than 100 lifetime cigarettes were classified as occasional smokers, not current smokers. In this 

study’s primary analysis, these occasional smokers were treated the same as current daily smokers. In the first sensitivity analysis, these individuals were 

excluded (i.e., treated as “never smokers”).  

The second sensitivity analysis classified those who smoked less than once a year as never smokers instead of current smokers (how they were classified 

in the primary analysis). 

In the primary analysis, because smoking cessation is often unsuccessful, people were considered to be former smokers only if they had ceased smoking 

for at least two years before the survey interview; otherwise, their observation period was truncated to their age of reported cessation. In the third sensitivity 

analysis, this truncation rule was reduced to one year, or there with no truncation and anyone who ceased smoking was classified as a former smoker.  
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Appendix 2

Smoking history model—lifetime smoking patterns 

A simple compartment model was used for smoking history. The model begins at birth, when individuals are classified as “never smokers,” and then 

there is a possible transition to “current smoker,” followed by a further possible transition to “former smoker.” Yearly transition probabilities were conditional 

on a hypothetical scenario of no transitions. Smoking history parameters were estimated using an age-period-cohort model. Temporal indicators are 

related by c = t – a, where a represents age, t represents period or calendar year, and c represents cohort or year of birth.  

Mortality adjustment for survival bias from smoking status 

Non-smokers are more likely to survive to survey date than smokers, which produces biased (downward) estimates of smoking initiation. Initiation rates 

were adjusted for this survival bias using a weight for never smokers and “ever smokers” (i.e., current or former smokers) in each historical year. This 

weight reflected the proportion of ever smokers that would have died prior to the survey date. The survival bias weight was calculated using the Mortality 

Population Risk Tool (MPoRT). The MPoRT includes age, smoking status, time since quitting, immigration status and sex, and was used to calculate 

each respondent’s one-year probability of death for each historical year up to the survey date.1

First, mortality adjustment was performed for all respondents for the years when they were aged 30 or older and living in Canada. Differential mortality 

was not applied before age 30, under the assumption that smoking status does not have a differential effect on survival at that stage of life. The MPoRT 

model assumes that the proportional hazard of death for smokers is higher than that for non-smokers, and that it varies over time depending on an 

individual’s level and intensity of smoking (heavy smoker, light smoker, former heavy smoker, former light smoker) and time since quitting.  
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Second, weighted age–sex mean probabilities of death were calculated yearly and compared with the published yearly age–sex probabilities of death to 

form a scaling factor for each year/age/sex group.12 Third, each respondent’s one-year probability of death (from MPoRT) was multiplied by the 

appropriate year/age/sex scaling factor to obtain a scaled probability. For years in which respondents were younger than 30 years of age, the published 

mortality year/age/sex probability was used as the “scaled probability.” Finally, each respondent’s scaled probability was used to calculate the probability 

of survival from any year to the survey response date, as the product of all one-year survival probabilities from that year to the survey year. The final 

yearly weight was calculated as the mean of the cumulative survival probabilities in each sex/smoking-status group. These weights were used in the 

denominator of Equation 1 to estimate historical smoking incidence. 

Equation 1: Proportion of historic smokers adjusted for survival differences between smokers and non-smokers 

��� =
��� ���

�⁄

��� ���
�⁄ �������� ���

��

Ptt = adjusted incidence proportion 

PtT = crude incidence proportion 

SStT = survival probability of ever smokers at time T to survey 

SNtT = survival probability of never smokers at time T to survey 

For population prevalence estimates, a second mortality adjustment was applied to account for the likelihood that never smokers have a higher one-year 

survival probability than ever smokers. Using the scaled one-year survival probabilities found above, the probability of death (as 1 – mean one-year 

survival probability) was calculated at each age for never smokers and ever smokers. The ratio of mean probabilities of death was used as the mortality 

adjustment on the proportion of ever smokers in the population.  
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Appendix 3
Probability of smoking initiation and cessation by sex, age, and birth cohort in Ontario

Source: Author's compilation based on the 2015 Canadian Community Health Survey - Nutrition content.
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Appendix 4
Historic and projected prevalence of former smokers among men and women aged 20 and older, by modelled estimates and unadjusted survey results, 
Ontario, 1971 to 2041
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