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Abstract

Background: In the US, low-income individuals generally smoke more than high-income
individuals. However, detailed information about how smoking patterns differ by income,
especially differences by birth cohort, are lacking.

Methods: Using the National Health Interview Survey (NHIS) 1983-2018 data, individual family
income was calculated as a ratio of the federal poverty level (FPL). Missing income data from
1983-1996 were imputed using sequential regression multivariate imputation. Age-period-cohort
models with constrained natural splines were used to estimate annual probabilities of smoking
initiation and cessation, and smoking prevalence and intensity by gender and birth cohort (1900 to
2000) for five income groups: <100%, 100%-199%, 200%-299%, 300%-399%, and =400% of the
FPL. Analysis was conducted in 2020-2021.

Results: Across all income groups, smoking prevalence and initiation probabilities are
decreasing by birth cohort while cessation probabilities are increasing. However, relative
differences between low- and high-income groups are increasing markedly, such that there

were greater declines in prevalence among those in high-income groups in more recent cohorts.
Smoking initiation probabilities are lowest in the 2400% FPL group for males across birth cohorts;
whereas for females, this income group has the highest initiation probabilities in older cohorts but
the lowest in recent cohorts. People living below the FPL have the lowest cessation probabilities
across cohorts.

Conclusions: Smoking prevalence has been decreasing in all income groups; however,
disparities in smoking by family income are widening in recent birth cohorts. Future studies
evaluating smoking disparities should account for cohort differences. Intervention strategies
should focus on reducing initiation and improving quit success among low-income groups.
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Introduction

Cigarette smoking has declined considerably in the US for the general population.! From
1997 to 2018, adult smoking prevalence fell from 24.7% to 13.7%, a 44% reduction.?
However, the decrease in smoking prevalence differed greatly by socioeconomic status.2->
For instance, during that same time period, smoking prevalence among people living at or
above the poverty level decreased from 24.6% to 12.8%, a 48% reduction, compared to only
a 32% reduction among those living below the poverty level for whom smoking fell from
33.3% to 22.6%.2 The association between higher cigarette smoking and lower income level
continues today:® adult cigarette smoking prevalence in 2019 was 21.4%, 15.7%, 11.4%,
and 7.1% among people whose annual household income was <$35,000, $35,000-$74,999,
$75,000-$99,999, and =$100,000, respectively.” Thus despite overall reductions in smoking
due to tobacco control policies, high-income groups are benefiting more from this public
health progress than low-income groups.

Differences in smoking trends by sociodemographic factors may be partially due to varying
smoking cessation responses to tobacco control policies. For example, a previous study
reported that young female smokers quit at higher rates than young male smokers in the late
1960s through the mid 1970 due to public health campaigns that highlighted the impacts

of smoking on pregnancy and birth outcomes.® The higher smoking prevalence among low-
income groups is due in part to lower cessation rates compared to high-income groups.1:9-12
A longitudinal study for US adults aged >18 years showed that the odds of abstinence

from cigarette use for 30+ days is higher among adults with income =300% of the federal
poverty level (FPL) compared to the adults with income below 300% FPL (24.4% vs.13.7%;
AOR= 1.9, 95% Cl=1.4-2.7).13 Another study based on the Tobacco Use Supplement to

the Current Population Survey from 2014-2019 showed that people with an annual income
lower than $25,000 are less likely quit smoking compared to people with higher annual
income.14 Differences in patterns of smoking initiation, duration, and smoking intensity
(cigarettes per day) likely also explain smoking prevalence disparities, though differences by
income in these smoking measures have been studied in less detail.11:1215-18

Smoking disparities by socioeconomic status have commonly been evaluated using levels
of educational attainment as a measure of status, rather than family income.® However
socioeconomic status encompasses both family income and education level—in addition to
a range of other attributes that are connected to social class—and are not interchangeable

as indicators of socioeconomic status.29-21 Besides, there exists a potential causal link
between education and smoking, where adolescent smoking could lead to lower educational
attainment in adulthood.2223 Family income can also be a useful metric for socioeconomic
status as it captures the level of access to health care, improved living conditions, and

other psychosocial resources.2425 Income furthermore determines eligibility for government
social services and benefits, including Medicaid coverage, based on whether individuals are
below or above the FPL.242> Thus, analyses of smoking disparities by income facilitate a
more comprehensive understanding of socioeconomic differences in health behaviors and in
access to care,26 and how these translate into disparities in long-term health outcomes.327~
29 In particular, the risk of smoking-related diseases, such as lung cancer, COPD, and
cardiovascular disease has been declining more rapidly among high-income compared
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to low-income individuals, thereby widening overall tobacco-related health disparities by
socioeconomic status in recent years.3:27:29.30

Previous studies have shown that age-specific smoking patterns for some US populations
vary dramatically by birth cohort.1:31-38 |n particular, Holford et al. showed that cohort
patterns in US smoking prevalence, initiation, cessation, and intensity vary considerably
by gender38 and race.3° Another study by Escobedo et al. found variations in smoking
prevalence trends by education, with decreases among those with higher educational
attainment, but not in those lower educational attainment.34 Smoking trends may also be
determined by birth cohort specific smoking patterns by income level, but this has not been
examined yet. This study focus on evaluating gender and birth cohort specific smoking
patterns by income level in the US population. Using a methodology previously developed
by the Cancer Intervention and Surveillance Modeling Network-Lung Working Group
(CISNET-LWG) investigators,36:39 age-specific smoking prevalence, initiation probabilities,
cessation probabilities, mean cigarettes per day, mean smoking duration, and mean pack-
years were estimated by gender and birth cohort for five income groups, categorized by
family income relative to the FPL. The resulting smoking parameters facilitate a more
in-depth understanding of variations of smoking patterns across income groups and their
implications for health disparities when used to inform simulation models of smoking and
smoking related morbidity and mortality.

Smoking and Family Income Data

Data were obtained from the NHIS for smoking status (i.e., current, former, never smoking;
1983, 1985, 1987, 1990-1995, 1997-2018), age at which respondents started smoking
regularly (1987, 1988, 1992, 1995, 1997-2018), years since quit smoking (1983, 1985,
1990, 1992, 1994, 1995, 1997-2018), and cigarettes smoked per day (1983, 1985, 1988,
1990-1995, 1997-2018). Individuals who smoked 100 cigarettes or more in their lifetime
were classified as current smokers if they currently smoked every day or some days at the
time of survey completion, and classified as former smokers if they did not currently smoke
at all at the time of the survey. Data from the NHIS 2019 and 2020 were excluded because
the survey design was substantially changed in 2019.40

Family income data were also obtained from the NHIS from 1983-2018. To estimate
smoking patterns by the level of family income and to avoid issues of rising income and
inflation, individuals were categorized according to their family income-to-poverty ratio,
using the FPL for each year and family composition. The FPL is defined by the Census
Bureau as the minimum amount of gross income that a family needs for survival, and it
varies by family size and structure (i.e., number of adults and related children under 18
years of age).4! The FPL is adjusted for inflation annually. For this analysis, five categories
of family income-to-poverty ratio were used: below poverty (<100% FPL), near poverty
(100%-199% FPL), 2009%-299% FPL, 300%-399% FPL, and =400% FPL.
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Imputation for continuous family income

Detailed family income in the NHIS is often subject to high rates of missing values due

to the sensitive nature of income-related questions for survey respondents. To address this
shortcoming, the NHIS provides five imputed datasets for the family income-to-poverty
ratio for 1997-2018. For these, missing continuous family incomes were imputed by NHIS
investigators using the sequential regression multivariate imputation (SRMI) method.*2 Prior
to 1997, only categorical family income data were included in the NHIS. Following a
similar SRMI approach, continuous family income for NHIS years 1982-1996 was imputed
by calculating a family income-to-poverty ratio for each survey individual by dividing the
continuous family income by the corresponding year FPL, accounting for the individual’s
family size and structure. Five imputed datasets for family income-to-poverty ratio were
generated for years 1982-1996. Additional details regarding the continuous family income
imputation procedure for NHIS 1982-1996 are provided in the supplement (S1 Text).

Smoking parameter estimation

Using age-period-cohort (APC) models with constrained natural splines,36:39 annual
probabilities of smoking initiation, cessation, and intensity (cigarettes per day or CPD) by
gender and cohort (1900 to 2000 birth cohorts) were estimated separately for each income
group. The underlying analysis framework assumes that individuals who never smoked can
transition into current smoking status (smoking initiation), and individuals with current
smoking status can then transition into former smoking status (smoking cessation). The
estimated rates or probabilities from the APC models were presented, which are identifiable
and not affected by the known identifiability issue of these models.43

Smoking initiation probabilities were estimated using data on respondents’ reported age
of initiation. For each gender and birth cohort, age-specific initiation probabilities were
estimated as conditional probabilities of smoking initiation among individuals who had
never smoked up to the time of the interview. To address differential mortality between
individuals who smoked and individuals who did not smoke up to the time at interview,

as well as recall bias in self-reported age at smoking initiation, the cumulative initiation
probabilities by cohort were calibrated to match the estimated ever smoking prevalence

at age 30. The latter was obtained by fitting an age-period-cohort model to ever smoking
data from all surveys. Age-specific cessation probabilities were estimated as conditional
probabilities of quitting for individuals who reported current smoking, with the minimum
age of quitting set as age 15. Smoking cessation is based on having quit for at least 2 years,
thereby minimizing the need to account for relapse among recent quitters. Risk of relapse
is higher immediately following a quit attempt, but permanent abstinence is high among
former smokers who quit more than 2 years.*4-46 In the NHIS surveys, age is top coded at
age 85, thus the cessation probabilities were set as constant beyond age 85.

For estimating smoking intensity by age for each gender and birth cohort, CPD was
classified into six categories (approximate mean CPD of each category): CPD<5 (3); 5<
CPD<15 (10); 15<CPD<25 (20); 25<CPD=<35 (30); 35<CPD<45 (40); and 45<CPD (60).
Age- and cohort-specific probabilities for each dose category was estimated by a cumulative
logistic age-period-cohort model using constrained natural splines for temporal effects.
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For each birth cohort, the current smoking prevalence at a given age was estimated by
multiplying the ever-smoking prevalence by the cumulative proportion of individuals who
smoked in the cohort who had not quit smoking at that age. Former smoking prevalence
was estimated by subtracting the proportion of current smoking from the proportion of ever
smoking. Never smoking prevalence was estimated by the complement of ever smoking
prevalence. Based on the estimated distribution of smoking initiation, current smoking
prevalence, former smoking prevalence, and mean cigarettes per day, the mean smoking
duration and mean pack-years were also estimated by age, gender, and birth cohort.

All smoking parameters for age, period, and cohort effects were estimated separately for
each of the five income-to-poverty ratio groups: below poverty (<100% FPL), near poverty
(100%-199% FPL), 200%-299% FPL, 300%-399% FPL, and =400% FPL, using the PROC
SURVEYLOGISTIC in SAS 9.4, accounting for sample weights.

The distribution of US adults across income groups from NHIS 1983-2018 is shown in
Supplement Figure S1. The percentage of the population living below the FPL is quite
stable across years in both females and males, approximately 10%. The percentage of the
population in the highest income (=400% FPL) group has been growing over time from
1983 to 2018, increasing from 24% to 40% of females and from 28% to 44% of males.

Smoking initiation

Figure 1 shows age-specific initiation probabilities by the family income-to-poverty ratio
for five selected birth cohorts (1910, 1930, 1950, 1970, 1990) by gender. In general,
smoking initiation increases during adolescence and decreases during young adulthood,
with very little or no initiation occurring beyond age 30. Differences in initiation between
income groups were relatively modest in earlier birth cohorts, but more prominent in recent
cohorts. Among females, the highest income (=2400% FPL) group had the highest initiation
probabilities in older birth cohorts but the lowest in recent birth cohorts. On the other

hand, among males, the 2400% FPL group has the lowest initiation across all birth cohorts.
In earlier birth cohorts, the below poverty (<100% FPL) group had the lowest initiation
probabilities compared to other income groups, but with more recent birth cohorts this
group had the highest or second highest initiation probabilities for both genders. The age
at peak initiation increases with the level of family income, where lower income groups
have earlier ages at smoking onset. Figure S2 shows age-specific initiation probabilities for
additional cohorts by calendar year, comparing each income group to the highest income
(=400% FPL) group. Among females, the initiation probabilities increased through the
1940-1960 birth cohorts, before decreasing in later birth cohorts. Conversely, the male
initiation probabilities decreased by birth cohort since the early 1900s across all income
groups. Initiation probabilities were much higher in males compared to females in early
birth cohorts but became similar by gender with more recent birth cohorts across all income
groups.
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Smoking cessation

In general, smoking cessation probabilities increased with age, and declined slightly at
older ages. For both genders, there was a clear positive gradient in age-specific cessation
probabilities by level of family income, especially in recent birth cohorts: cessation
probabilities were highest in the 2400% FPL group and lowest in the below poverty group
(Figure 2). Differences in cessation probabilities by income group became larger with more
recent birth cohorts. Figure 2 shows that males in the >400% FPL group generally have
higher cessation probabilities than females in the same income group across birth cohorts.
However, there were no major gender differences in cessation for each of the other income
groups except in the 1910 birth cohort. Cessation probabilities increased by birth cohort
across all income groups in both females and males (Figure S3).

Current smoking prevalence

Across all income groups, smoking prevalence increased through young adulthood and
gradually declined with age for both females and males. For both genders, there was a

clear negative gradient in age-specific current smoking prevalence by income group in all
selected birth cohorts, except in the 1910 birth cohort (Figure 3); across birth cohorts and
ages, smoking prevalence is highest in the below poverty group, followed by near poverty,
200%-299% FPL, 300%-399% FLP, and lowest in the =400% FPL group. In Figure S4,
similar to initiation trends, smoking prevalence in females increased through the 1940-1960
birth cohorts, then decreased with later birth cohorts, with modest variation by income
group. For males across all income groups, prevalence has been decreasing by birth cohort
since the early 1900s birth cohorts. Smoking prevalence was much higher among males than
females in early birth cohorts, but gender differences in smoking prevalence have decreased
in recent birth cohorts.

Mean cigarettes per day among individuals who currently smoke

Figure 4 shows age-specific mean cigarettes per day (CPD) among individuals who currently
smoke by income group and gender for five selected birth cohorts. In early birth cohorts, the
mean CPDs were highest in the 2400% FPL group and lowest in the below poverty group.
However, in recent birth cohorts, the mean CPDs were lowest in the 2400% FPL group

and highest in the below poverty and near poverty groups. In early birth cohorts (1910 and
1930), the mean CPDs increased until around age 55 and decreased thereafter. In contrast,
for the 1950 birth cohort, the peak occurred around age 40. Mean CPDs became relatively
flat, slightly decreasing by age, in recent birth cohorts. This pattern was consistent across

all income groups and genders. In general, mean CPDs decreased by birth cohort for both
genders, and were higher in males compared to females in all income groups (Figure S5).

Mean duration of cigarette use among individuals who smoke

Across all selected birth cohorts except for the 1910 birth cohort, there was a negative
gradient in the age-specific mean smoking duration by the level of family income, where
smoking duration was shorter with higher income (Figure S6); the mean smoking duration
was longest in the below poverty group, followed by near poverty, 200%-299% FPL,
300%-399% FLP, and shortest in the 2400% FPL group. Figure S6 shows that in general the
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mean smoking duration has been decreasing by birth cohort in all income groups, and that
males had higher mean smoking duration compared to females in early birth cohorts, but
differences by gender have narrowed with recent birth cohorts.

Mean pack-years among individuals who smoke

Figure S7 shows a negative gradient in age-specific mean pack-years by the level of family
income in relatively recent birth cohorts for both genders. Similar to patterns in smoking
duration, mean pack-years decreased by birth cohort in all income groups and for both
genders, with males having higher mean pack-years compared to females in early birth
cohorts, but reaching similar levels in recent birth cohorts (Figure S7).

Discussion

This is the first study to provide a comprehensive analysis of smoking behaviors by family
income for US birth cohorts. Previous studies have looked at birth cohort smoking patterns
by gender,1:31.36.3947 race 39 or education?” in the US population, however, income group
differences in smoking patterns by birth cohort have not been studied. This study extends
the CISNET age, period, cohort modeling methodology to estimate smoking behaviors—
smoking initiation, cessation, and intensity—by family income level in the US. Smoking
prevalence and initiation probabilities have been decreasing by birth cohort starting with the
early 1900s cohorts in males and with the 1940-1960 cohorts in females, although the extent
of decrease varied across income groups. Cessation probabilities have been increasing by
birth cohort in all income groups, especially young adult males and females. For all income
groups, mean cigarettes per day, smoking duration, and pack-years have been decreasing by
birth cohort. However, differences in smoking initiation and cessation probabilities between
income groups have been widening in more recent birth cohorts, resulting in increasing
disparities in smoking prevalence by income level. These findings are consistent with other
studies showing differences in smoking prevalence and cessation probability by income level
to be widening in recent years.479:13

Findings from this study illustrate the social transition of smoking behaviors from high-

to low-income groups as it varies by gender.8 While males from the lowest income

group had the highest smoking levels since early cohorts covered in this analysis, females’
smoking progressively shifted from higher-income to lower-income groups with increasing
time/birth cohorts. This social transition increases smoking disparities and progressively
concentrates the disproportionate burden of smoking-related morbidity and mortality on the
lowest income population. It is particularly problematic because low-income groups have the
least access to health care resources and are most vulnerable to housing and food insecurity,
all of which exacerbate risks to health.4950 It is plausible that a similar cohort transition

of smoking behaviors from higher-income to lower-income groups also would have been
observed among males if data from even earlier cohorts were available.

Strengths and Limitations

In this study, the NHIS imputation methods were used and extended to fill in gaps in
historical income data, addressing the absence of continuous income data prior to 1997.
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This allowed using NHIS data from NHIS 1983-2018. Future researchers that wish to use
this imputation methodology to analyze the relationship between family income and other
NHIS outcomes and behaviors besides smoking can refer to the supplement for details.
Another methodological strength is the use of the CISNET-LWG approach which jointly
estimates historical age-period-cohort specific initiation and cessation probabilities with the
prevalence of ever, never, current and former smoking, resulting in consistent estimates
across smoking behaviors.

This study has some limitations. The analysis used a simplifying assumption that
categorized recent quitters as current smokers unless they had quit for at least 2 years.
Consequently, more complex smoking trajectories, such as repeated quitting and relapse
back to smoking in one lifetime, are not evaluated. The smoking parameters were estimated
for age, gender, and birth cohort, separately for each income group, without adjusting

for additional potential confounding factors, such as race/ethnicity, education, or US
region.1:51:52 The analysis focuses on national data and trends; however, smoking patterns
are a reflection of policy environments shaped at the state and local levels, and therefore
vary geographically. Although both family income and educational attainment are different
aspects of socioeconomic status, they are also highly correlated.2-21 Another limitation is
that the analysis focused exclusively on cigarette smoking, but the landscape of tobacco
use has changed dramatically with the emergence of e-cigarettes in recent years.: Recent
changes in smoking initiation or cessation that may be associated with rising e-cigarette
use are still not fully captured by the NHIS data, including potentially different changes

by income level. Nonetheless, this analysis found considerable decreases in smoking
initiation in recent cohorts, particularly for high-income groups, which could be related

to replacement of cigarette smoking by e-cigarettes among youth and young adults.5354
Variations in use of other tobacco products by income, particularly cigars and cigarillos,
might also be contributing to differences in cigarette smoking patterns and trends across
income groups.®® Last, this analysis defined income levels according to the census federal
poverty line, which ignores geographical differences in cost of living and purchasing power
across regions, states and localities.

Cohort-specific smoking patterns may reflect changes in both the tobacco control policy
and tobacco product landscapes over time. People born in 1950 vs. 1990 were exposed

to very different sets of social norms and public health policies during key life stages for
initiation (adolescence, young adulthood) and cessation (middle age, older adulthood). For
instance, the strong decreases in smoking initiation and prevalence across income groups
since the 1950 birth-cohort likely reflects the continuous impact of strengthened tobacco
control policies and regulations implemented since the 1964 Surgeon General’s Report.

Estimates of age-specific initiation and cessation probabilities, and the distribution of
cigarettes per day by birth cohort for the overall US population have been used as input
parameters for simulation models of smoking.36:39.56-59 These models have been used to
examine the potential impact of health intervention strategies such as tobacco policies

on smoking and lung cancer,37°7-1 the benefits and harms of different cancer screening
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strategies on health outcomes,%2-66 as well as their effectiveness and cost-effectiveness.7~
69 This study provides smoking parameters for different income groups, which facilitates
similar analyses to examine the impact of prevention strategies on health outcomes by
income level.

Income-based analysis of smoking disparities are important because of vulnerability to
smoking and related morbidity and mortality in low-income populations. Research has
revealed tobacco industry targeting of low-income individuals’%71 and the larger presence
of tobacco advertising and tobacco product availability in low-income neighborhoods.”2:73
High rates of smoking initiation and low rates of quitting among low-income group are
especially concerning. Targeted interventions, such as cell phone-delivered counseling, have
shown promise for improving quit success for smokers living in poverty.” Efforts to reduce
tobacco retailer density may have the potential to address smoking among low-income
youth, who are disproportionately exposed to both tobacco advertising and retail outlets

in their neighborhoods.”3:75-77 This study highlights persistent disparities by income and
changing trends by birth cohort. The adoption of effective smoking intervention strategies
specifically for low-income groups will be important to reduce tobacco-related health
disparities.

Conclusions

Smoking prevalence has been decreasing in all income groups, but disparities in smoking

by family income are widening in recent birth cohorts. These trends are shaped by the

social transition of harmful smoking behaviors from high-income groups in earlier cohorts
to low-income groups in recent cohorts. Future studies evaluating smoking disparities should
take into account these differences by birth cohort. Intervention strategies should focus on
decreasing initiation and improving quit success among low-income groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Age-specific smoking initiation probabilities (percentage) for selected birth cohorts by

family income-to-poverty ratio and gender (females — top panels, males — bottom panels).
Lines represent the initiation probabilities for Below poverty (<100% FPL, red), Near
poverty (100%-199% FPL, orange), 200%-299% FPL (sky blue), 300%-399% FPL (blue),
and =400% FPL (black). FPL=Federal Poverty Level. An interactive version of this figure’s
data can be found at: https://apps.cisnetsmokingparameters.org/income/
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Figure 2.

Age-specific smoking cessation probabilities (percentage) for selected birth cohorts by
family income-to-poverty ratio and gender (females — top panels, males — bottom panels).
Lines represent the initiation probabilities for Below poverty (<100% FPL, red), Near
poverty (100%-199% FPL, orange), 200%-299% FPL (sky blue), 300%-399% FPL (blue),
and =400% FPL (black). FPL=Federal Poverty Level. An interactive version of this figure’s
data can be found at: https://apps.cisnetsmokingparameters.org/income/
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Age-specific smoking prevalence (percentage) for selected birth cohorts by family income-
to-poverty ratio and gender (females — top panels, males — bottom panels). Lines represent
the initiation probabilities for Below poverty (<100% FPL, red), Near poverty (100%-199%

FPL, orange), 200%-299% FPL (sky blue), 300%-399% FPL (blue), and =400% FPL
(black). FPL=Federal Poverty Level. An interactive version of this figure’s data can be
found at: https://apps.cisnetsmokingparameters.org/income/
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Figure 4.
Age-specific mean cigarettes per day among current smokers for selected birth cohorts by

family income-to-poverty ratio and gender (females — top panels, males — bottom panels).
Lines represent the initiation probabilities for Below poverty (<100% FPL, red), Near
poverty (100%-199% FPL, orange), 200%-299% FPL (sky blue), 300%-399% FPL (blue),
and =400% FPL (black). FPL=Federal Poverty Level. An interactive version of this figure’s
data can be found at: https://apps.cisnetsmokingparameters.org/income/
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