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Abstract

The Cancer Intervention and Surveillance Modeling Network-Lung Working Group (CISNET-

LWG) age-period-cohort (APC) methodology to study smoking patterns can be applied to tackle 

important issues in tobacco control and public health. This paper summarizes analyses of smoking 

patterns in the US by race/ethnicity, educational attainment, family income and for each of the 

50 US states using the CISNET-LWG APC approach, describing how decision-makers, policy 

advocates, and researchers can use the sociodemographic analyses in this supplement to project 

state smoking trends and develop effective state-level tobacco control strategies. The all-cause 

mortality relative risk estimates associated with smoking for US race/ethnicity and education 

groups are also discussed in the context of research that measures and evaluates health disparities. 

Finally, the application of the CISNET-LWG APC methodology to Brazil is reviewed with a view 

towards how the same types of analyses can be applied to other low- and middle-income countries.

Introduction

The present supplement of the AJPM, published in January 2023,1 provides detailed 

smoking histories for disparate populations using the Cancer Intervention and Surveillance 

Modeling Network - Lung Working Group (CISNET-LWG) age, period, and cohort (APC) 

methodology. Until now, such detailed cohort-specific smoking data for US populations by 

race/ethnicity, educational attainment, family income, and state have not been available. 

These data facilitate in-depth examination of smoking disparities, and direct attention to 

patterns among recent birth cohorts that appear likely to affect future trends. They also 

invite further exploration of how smoking disparities across states may be related to racial/

ethnic and socioeconomic status (SES) disparities and state tobacco control policies. New 
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information about smoking-related mortality relative risk by race/ethnicity and education 

provides building blocks for future work evaluating the relationship between smoking 

disparities and mortality outcomes. The APC framework applied to Brazil shows how other 

countries may similarly benefit from developing comprehensive smoking estimates. This 

paper summarizes findings from across the supplement, and discusses their limitations and 

implications for both US and global smoking disparities research.

US smoking disparities and their relationship to mortality impacts

Race/ethnicity.

Despite reductions in initiation and increases in cessation among recent cohorts for all racial/

ethnic groups, Meza et al.2 show how disparities in all smoking indicators across racial/

ethnic groups persist in more recent birth-cohorts. While American Indian and Alaskan 

Native adults still have the highest rates of smoking, Hispanic adults have historically low 

smoking initiation and prevalence. Since the Hispanic population is driving much of US 

population growth,3 understanding these trends can help distinguish the impact of reduced 

smoking due to public health interventions from that of demographic turnover and change.4 

Across cohorts, smoking prevalence among Non-Hispanic Black populations, particularly 

males, is lower than among Non-Hispanic White populations at younger ages, but higher 

at older ages. Despite Non-Hispanic Black cohorts’ relatively lower initiation rates, their 

low cessation rates compared to other groups suggest their need for improved cessation 

interventions. Estimates of cohort-specific smoking parameters for each of the racial/ethnic 

groups analyzed and interactive figures are available at apps.cisnetsmokingparameters.org/

race/.

Education.

Although previous literature finds greater levels of education are linearly associated with 

lower smoking rates,5–8 Cao et al.9 find that the relationship between education and smoking 

in the US has the least educated (less than or equal to an 8th grade education) and most 

educated groups (a college degree or above) smoking at far lower rates compared to 

those in the middle (e.g., 9th to 11th grade, high school graduate or General Educational 

Development, or those with some college education). This pattern is partly driven by the 

increasing proportion of the non-U.S. born Hispanic population with less than or equal 

to an 8th grade education, indicating the need to especially consider this population 

in distinguishing tobacco use by education. Smoking disparities by education have also 

increased by birth cohort, with initiation rates highest among individuals with 9-11th grade 

education and lowest among individuals with at least a college degree in recent cohorts. 

These disparities reflect shifting societal norms as well as demographic composition. Larger 

shares of the young adult population are obtaining college degrees, which may reduce 

overall smoking but further concentrate smoking among the less educated. Estimates of 

cohort-specific smoking parameters by education and interactive figures are available at 

apps.cisnetsmokingparameters.org/education/.
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Income.

Studies of historical smoking patterns by family income are difficult to interpret because of 

rising incomes and changing criteria for federal poverty thresholds. Jeon et. al.10 address 

this obstacle by calculating the ratio of individual family income to the federal poverty 

level adjusting for family size and structure and imputing missing income.11 Researchers 

analyzing historical trends in other health outcomes by family income can now adapt 

this methodology.4 Jeon et. al find that smoking prevalence and initiation probabilities 

across all income groups decreased while cessation probabilities increased. However, 

relative differences between low- and high-income groups are increasing, leading to greater 

declines in smoking prevalence among high-income groups in recent cohorts and increasing 

disparities.

Future modeling and trend analyses of smoking by income level should consider: 1) 

inflation-adjusted family incomes are rising over time reflecting increased labor market 

participation and income inequality; 2) estimates of income for youth or young adults 

often rely on parental income, which may be a poor proxy for their future incomes; and 

3) survey results are sensitive to income questions and consequently subject to relatively 

high rates of missing data (ranging from 12-20%).12 While reliance on educational 

attainment as a measure for SES avoids some of these issues, education measures 

share the first two shortcomings. The studies on education and income both show the 

importance of information from more recent birth cohorts whose demographics, behaviors, 

and environments are more likely to represent that of future generations.4 Estimates of 

cohort-specific smoking parameters by income group and interactive figures are available at 

apps.cisnetsmokingparameters.org/income/.

U.S. States.

Holford et al.13 find vast differences in cohort-specific smoking behaviors by state. 

Exemplar findings from Kentucky and California show that age-specific initiation 

probabilities in Kentucky were consistently higher than in California across cohorts, with 

cessation rates higher in California for cohorts born after 1950. In subsequent cohorts, 

prevalence differences become more pronounced, resulting from Kentucky’s consistently 

lower cessation probabilities. Reasons for these disparities can be complex, reflecting 

differences in social norms, public policy, and sociodemographic composition. For example, 

Kentucky has lower SES on average than California, whereas California has been much 

more aggressive in its tobacco control policies (e.g. higher cigarette taxes, comprehensive 

smoke-free air laws). In addition, the size of the Hispanic population in California may 

contribute to their lower average smoking rates. However, estimates of the effect of different 

sociodemographic factors on smoking within each state are not yet available.

Many important tobacco control policies are decided at the state level.14 15 While none of 

the papers in this supplement have yet analyzed disparities at a state level, decision-makers, 

policy advocates, and researchers can use the data from their states as well as information 

from other papers on racial/ethnic and family income disparities to consider how policies 

may be directed at particular vulnerable groups in their state. The CISNET-LWG previously 

estimated the state-level impact of different tobacco control policies relying only on state-
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specific smoking prevalence data in its simulation models.15 Now those efforts can be 

improved with detailed state-specific information on smoking initiation, cessation, duration, 

intensity and pack-years. In addition, recent literature indicates that implementing cigarette 

taxes,16–23 increasing the minimum legal age of sale,24 25 and funding anti-smoking 

media campaigns26 may be efficacious in reducing smoking prevalence and initiation and 

promoting cessation in persons with (or whose parents had) low educational attainment 

as well as Non-Hispanic Black and Hispanic populations. However, other studies tend to 

find inconsistent or no evidence of differences by educational attainment or racial/ethnic 

identity,27–34 suggesting the need for further research. Analyses can then be conducted to 

compare smoking behaviors across multiple states, and to examine how policies impact 

geographic variations in smoking disparities.

State planners and researchers can view each state’s cohort-specific smoking behaviors at 

apps.cisnetsmokingparameters.org/states/.

Mortality

Differences in smoking behaviors by race/ethnicity and SES are not the only major 

contributors to smoking-related disparities; underlying differences in smoking-related 

mortality risk are also important drivers. Jeon et al. estimated all-cause mortality relative 

risk for current smokers, recent quitters, and long-term quitters compared to never smokers, 

specifically considering differences by race/ethnicity and education.35 Compared to never 

smokers, mortality relative risk among current smokers or recent quitters were generally 

highest for Non-Hispanic White individuals, followed by Non-Hispanic Black individuals, 

and lowest for Hispanic individuals. Notably, relative risks were substantially higher for 

smoking among high education compared to lower education groups, due in part to the lower 

overall mortality risks of never smokers among advantaged groups; i.e., for subpopulations 

with lower underlying mortality risk (e.g. high education, Non-Hispanic White populations), 

than for subpopulations that already have higher underlying mortality risk. Thus, relative 

risks do not correspond directly to disparities in smoking behaviors; lower relative risks 

were observed among lower education and Non-Hispanic Black populations with higher 

smoking rates. Beyond differences in smoking rates, underlying differences in mortality risk 

are important drivers of smoking-related disparities by race/ethnicity and education.

While the analysis suggests that smoking relative risk estimates are often lower for those 

with the highest smoking rates, the analysis, like earlier work,36 37 shows how both mortality 

risk and smoking behaviors determine health outcomes for specific racial/ethnic or education 

groups. In addition, reductions in smoking-attributable deaths among specific groups (e.g., 

due to a policy change) can be used to calculate the impact in reducing health disparities. 

For example, Issabaksch et al.38 estimated the impact of a menthol cigarette ban on Non-

Hispanic Black smoking and smoking-related mortality.

Thus, policy planners can now obtain better mortality estimates to distinguish the roles of 

race/ethnicity and education in health outcomes and health disparities in policy evaluations. 

Simulation models and other analyses of public policy goals should carefully consider 

relative risk variations in evaluating the public health impact of smoking.35
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Application of APC Analysis to other countries

Tam et al. apply the APC analytic approach to data from Brazil, marking the first time the 

CISNET methodology has been applied to a low or middle-income country.39 They found 

that male and female smoking prevalence declined considerably since the 1950 birth cohorts 

for males (1955 for females), reflecting decreased smoking initiation and increased smoking 

cessation rates. Among female cohorts born on or after 2000, smoking initiation may be 

increasing despite major increases in smoking cessation. Stagnating declines in smoking 

initiation among young women are consistent with adolescent surveys,40–43 indicating that 

smoking may be increasing among girls and young women. Slower progress in reducing 

smoking among recent birth cohorts also suggests that, despite Brazil being a leader in 

tobacco control,44 ongoing vigilance is needed so that reductions in smoking prevalence 

are not eroded by inaction. While Brazil has low smoking rates relative to other countries, 

the projections indicate that smoking rates may stop declining in the absence of additional 

policies. Estimates of cohort-specific smoking parameters for Brazil and interactive figures 

are available at apps.cisnetsmokingparameters.org/Brazil/.

As shown in this supplement and other CISNET-LWG work,45–48 each generation has its 

own unique experience of the tobacco epidemic, making data on birth cohort variations 

essential for developing reliable projections of future smoking trends. The Brazil analysis 

and earlier work by Manuel et al.49 applying this methodology to Canada demonstrate how 

the APC framework can be utilized across different country settings. The CISNET-LWG 

is currently conducting similar analyses for Mexico and Argentina in collaboration with 

local investigators. Unfortunately, many low- and middle-income countries share the same 

challenge, the lack of consistent nationally representative smoking surveillance data over 

time. For those countries with fewer available data points, alternative methods could be 

pursued. For example, individual countries may apply information from APC analyses of 

countries at similar stages in the tobacco epidemic50 and which have a similar tobacco 

product environment. For example, Levy et al.51 recently tailored CISNET-LWG US APC 

cohort projections to smoking trends in Australia to develop a simulation model of smoking 

trends for Australia. Similarly, relying on CISNET-LWG US cohort data, the US Smoking 

and Vaping Simulation model52 is now also being adapted and applied to other countries, 

such as Germany, and Japan.

Future Directions and Limitations

The rich smoking history data made available through this supplement offer a promising 

beginning for future surveillance and policy research in both domestic and global tobacco 

control efforts. Figure 1 provides a schema for applying the data to evaluate smoking 

trends across diverse settings. Researchers select the state or country setting of interest and 

begin the process by compiling the necessary population, smoking, mortality, morbidity, 

and policy data for modeling and trend analyses. The detailed smoking parameters (e.g. 

initiation, cessation, intensity, duration) published in this supplement can be used as direct 

inputs to tobacco simulation models for specific populations. Data permitting, simulation 

models can then be developed for subpopulations based on race/ethnicity, education, or 

family income. The simulation models would then project smoking rates and associated 
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health outcomes across different sociodemographic groups. These models can compare 

health outcomes under different intervention scenarios, thereby quantifying the potential 

impact of past public health policies, or future ones.

The results may subsequently be used by policymakers to: 1) evaluate trends in smoking 

or in disparities between groups, 2) set public health goals, and 3) develop and prioritize 

policy strategies that reduce tobacco-related disease and death and improve health equity. 

The data produced and presented in this supplemental issue provides the inputs needed to 

conduct these analyses for the US, each of the 50 states and Washington DC, and Brazil. 

By developing APC analyses for different countries, modeling analyses can support World 

Health Organization tobacco control policy recommendations,53 54 assist with decision-

making regarding resource allocation, and help to prioritize targeted interventions based on 

current model projections and patterns of tobacco use.

Although this paper and, more generally, this supplement has highlighted the potential for 

APC analyses to improve public health surveillance and tobacco control efforts, some key 

limitations to the APC approach should be acknowledged. APC analyses are only as reliable 

as the survey data on which they are built. The US analyses use data from the National 

Health Interview Survey and Tobacco Use Supplement to the Current Population Survey, 

both of which rely on self-reported smoking behavior, which may be subject to recall bias 

and underreporting. While the US has relatively large, continuous nationally representative 

surveys, low- or middle-income countries typically have far less data. In particular, other 

countries may not have sufficiently large samples to distinguish between sociodemographic 

groups, as necessary for subpopulation and disparities research.

Policy or market changes that occur during survey data collection periods can amplify 

small changes, particularly when the data are sparse. For example, initiation and cessation 

estimates for recent US birth cohorts (using data through 2018) indicate major changes, but 

because these estimates are based on limited information (i.e., the 2000 birth cohort only 

provides 18 years of data for the APC analysis), the analysis may be less reliable . Those 

in recent birth cohorts are also often the most directly impacted by changes in the tobacco 

market and policy environment because of their rising e-cigarette use.55–58 Although data 

for historical time-series analyses of e-cigarettes use are limited by their relatively recent 

entry, the smoking estimates for recent birth cohorts from the different studies in this 

supplement suggest that e-cigarette use and smoking declines are simultaneously occurring. 

Analyses by Levy et al.59 and Meza et al.60 suggest that one potential factor driving the 

remarkably large recent declines in US youth smoking may be e-cigarette use. In addition, 

cessation rates have likely changed because the dynamics of smoking histories61 62 have 

changed due in part also to the emergence of e-cigarettes in the tobacco product landscape.63 

64 55–58

Thus, although data for historical time-series analyses of e-cigarettes use are limited by 

their relatively recent entry, the smoking estimates for recent birth cohorts from the different 

studies in this supplement hint at the future impact of e-cigarette use on declining smoking 

initiation and cessation patterns. However, while APC analyses reflect observed patterns 

in survey data, they cannot make causal inferences about what caused specific changes in 
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smoking patterns. Beyond e-cigarettes, recent studies indicate that other nicotine delivery 

products may play an important role in future patterns of smoking, such as modern 

oral nicotine pouches65–67 and heated tobacco products.68 The CISNET-LWG is currently 

expanding its smoking models to consider e-cigarette use in the US.

The COVID-19 pandemic has also altered the behavioral landscape and likely impacted 

newer estimates.55 69 It is unclear whether COVID-19-related age, cohort, or period 

disruptions in tobacco use behaviors are temporary or have long-lasting implications for 

smoking trends. Given the potential to influence future projections, the short- and long-term 

role of the COVID-19 pandemic should be a priority area for future research inquiry.

Conclusions

This supplement has focused on identifying cohort patterns of smoking and related 

disparities in the US, while offering a preview for extension to low- and middle-income 

nations, starting with Brazil. States and countries with smaller populations and lower SES 

populations can now more easily benefit from simulation models adapted to their geographic 

contexts. To take full advantage of the smoking histories provided by this supplement, 

tobacco simulation models will also need additional estimates of policy effects on specific 

subpopulations, as well as appropriate mortality relative risk estimates.27–34 Moreover, 

modeling capacity is not necessarily available in local or resource-limited settings, so efforts 

are needed to build such capacity in affected communities. The publication of the detailed 

smoking histories in this supplemental issue is now publicly accessible for any interested 

individuals or groups to explore and download data. This supplement is only the first step in 

a series of efforts needed to translate findings from these data into policy decision tools that 

improve health and address disparities. The authors of this supplement invite the research 

and policy community to work together to make use of the vast data now available, and to 

meet the challenges ahead.
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Figure 1. 
A Research and Policy Planning Strategy
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