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Abstract
Introduction  People with low socioeconomic status (SES) or serious psychological distress (SPD) in the U.S. face 
ongoing and future disparities in tobacco smoking. We sought to estimate how smoking disparities contribute to 
disparities in life expectancy and aggregate life-years in these marginalized subpopulations.

Methods  We used the Simulation of Tobacco and Nicotine Outcomes and Policy (STOP) microsimulation model to 
project life expectancy as a function of subpopulation (low SES, higher SES, SPD, or non-SPD) and cigarette smoking 
status. Low SES was defined as having at least one of the following: income below poverty, less than high school 
education, or Medicaid insurance. Higher SES individuals belonged to none of these categories. SPD was defined as 
Kessler-6 score ≥ 13; non-SPD was a Kessler-6 score < 13. To project individual life expectancy losses from smoking, 
we simulated 40-year-olds stratified by gender, subpopulation (by SES or by SPD, with no change), and smoking 
status (current/never, with no change). To project time to reach 5% cigarette smoking prevalence (U.S.) – reflecting 
one tobacco “endgame” threshold – in each subpopulation, we simulated the entire subpopulations of people with 
low SES, higher SES, SPD, and non-SPD, incorporating corresponding distributions of gender, age, and smoking 
status and accounting for changes in smoking behaviors and secular smoking trends. We then estimated total 
life-years accumulated under status quo and alternate scenarios in which smoking dynamics in the marginalized 
subpopulations matched those of their less marginalized counterparts.

Results  The model showed that, for individuals with low SES or SPD, smoking is associated with substantial loss of 
life expectancy (9.8-11.5y). Marginalized subpopulations would reach 5% smoking prevalence 20y (low SES) and 17y 
(SPD) sooner if smoking trends mirrored their less marginalized counterparts; these differences result in 5.3 million 
(low SES) and 966,000 (SPD) excess life-years lost over 40y.

Conclusions  Differences in cigarette smoking portend substantial ongoing and future disparities in life expectancy 
and time to reach 5% smoking prevalence. Reducing tobacco-related disparities in the U.S. will require an explicitly 
equity-focused vision, and the tobacco endgame will only be truly achieved when it includes all groups.
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Introduction
Tobacco smoking causes approximately 480,000 deaths 
per year in the U.S [1]. Although tobacco continues to 
harm population health, tobacco control over recent 
decades has been a major public health and public pol-
icy success. Since the first Surgeon General’s Report on 
smoking and health in 1964 and the adoption of numer-
ous tobacco control initiatives, cigarette smoking preva-
lence among U.S. adults has declined from 42% in 1964 
to 11.6% in 2022 [2]. At a population level, these changes 
saved approximately 157  million life-years from 1964 
to 2012 [3]. With this decline in smoking, public health 
experts are contemplating the path by which cigarette use 
– and tobacco use more broadly – go from uncommon to 
rare, or the “tobacco endgame.” [4].

As cigarette smoking has declined overall, it has 
become increasingly concentrated in socially margin-
alized populations in the U.S [5–8]. Individuals with 
low socioeconomic status (SES) are the largest of these 
groups, comprising 9-13% of the U.S. population in 2019 
[9–11]. Tobacco companies have long targeted lower-
income communities for sales [12, 13]. Of people whose 
household incomes were less than $35,000, current ciga-
rette use in 2020 was 25.2%, compared to 13.7% among 
individuals with household incomes of $100,000 or 
greater [14]. Meanwhile, disparities in smoking are great-
est when comparing people with poor mental health to 
those with average or better mental health. Nicotine may 
temporarily decrease symptoms associated with seri-
ous psychological distress (SPD), but smoking cessation 
is associated with longer-term improved mental health 
[15]. Cigarette smoking prevalence among people identi-
fied as experiencing SPD (who comprise 3.9% of the 2018 
U.S. population) [16] ranges from 31.0 to 40.6%, whereas 
it ranges from 12.5 to 14.0% among people without SPD 
[17, 18]. 

Both relative and absolute disparities are increasing 
due to the slower rate of decline in cigarette smoking 
prevalence among marginalized populations [19]. With 
the approach of the tobacco endgame, an increasingly 
disproportionate share of morbidity and mortality due 
to smoking is falling on these marginalized groups in the 
U.S. Therefore, the three objectives of this study were to 
(1) quantify the current life expectancy losses associated 
with cigarette smoking in people with low SES or SPD; 
(2) project when these subpopulations and their less mar-
ginalized counterparts might reach an endgame thresh-
old, defined here as < 5% cigarette smoking prevalence (a 
population health target set in Healthy People 2030, the 
U.S. Department of Health and Human Services’ decen-
nial report on national health goals [20]); and (3) estimate 
the future life-year losses due to disparities in reaching 
this threshold.

Methods
Analytic overview
We used the Simulation of Tobacco and Nicotine Out-
comes and Policy (STOP) model, a validated microsim-
ulation of tobacco- and nicotine-related behaviors and 
clinical outcomes, applied to two different types of analy-
ses [21]. In the first type of analysis (Individual-Level 
Life Expectancy), we used the STOP model to project 
the impact on life expectancy of tobacco cigarette smok-
ing (current vs. never) for two pairs of marginalized sub-
populations – (1) low SES vs. higher SES and (2) SPD 
vs. non-SPD, defined below. We compared marginalized 
subpopulations with their less marginalized counterparts 
and compared people who currently smoke versus never 
smoked (with no change in smoking status over time), 
matched by gender and age. With this analysis, we illus-
trate an upper bound on the negative effects of tobacco 
use and SES/SPD status, allowing comparison of the rela-
tive impact of each on life expectancy [22]. 

In the second type of analysis (Population-Level Smok-
ing and Mortality Dynamics), we used the STOP model 
to simulate cohorts intended to reflect all U.S. adults in 
each of the four subpopulations (low SES, higher SES, 
SPD, non-SPD) – accounting for differing distributions of 
gender, age, and smoking status within each subpopula-
tion and for changes in smoking behaviors over time – to 
project when each subpopulation would reach a thresh-
old of 5% cigarette smoking prevalence, as well as total 
life-years accrued over a 40-year period by each subpop-
ulation starting in 2019.

Below, we provide an overview of the model and defini-
tions of the subpopulations. Then, we detail the first type 
of analysis, followed by a description of key differences in 
the second type of analysis.

Model overview
STOP is a Monte Carlo microsimulation model in which 
simulated individuals may transition monthly through 
various tobacco smoking states, each with associated 
mortality risks. Each simulation can consist of people 
homogenous by gender, age, and smoking status, or it can 
be constituted to resemble real populations with specific 
distributions of gender, age, and smoking status. Within 
a simulation, smoking status can vary over time based on 
monthly probabilities of initiation, cessation, and relapse, 
or it can remain static by setting these probabilities of 
smoking status change to zero. We previously validated 
the STOP model against 1997–2009 National Health 
Interview Survey (NHIS) data on smoking prevalence 
and mortality by age and sex; details about the STOP 
model are described in that work [21]. The model was not 
separately validated for SES and SPD subpopulations.
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Subpopulation definitions
Using data from the 2018 and 2019 NHIS (See Addi-
tional File 1), we defined low SES as having at least one 
of the following: income < 100% of the federal poverty 
level, education level less than high school, or enrollment 
in Medicaid. We defined SPD as reporting a Kessler-6 
score ≥ 13 [23, 24]. The Kessler-6 is a measure designed 
for population surveys to detect clinically-significant 
distress associated with serious mental illness [25]. In 
comparison with low SES and SPD subpopulations, we 
simulated two less marginalized, complementary sub-
populations: one for people who did not meet any of 
the criteria for low SES (higher SES) and another for 
people with Kessler-6 score < 13 (non-SPD). We did not 
separately simulate people with both low SES and SPD 
because data were sparse for people belonging jointly to 
both subpopulations.

Analyses
Individual-level life expectancy
In this analysis, we conducted 16 model simulations of 
40-year-olds wherein all individuals in each simulated 
cohort are homogeneous by subpopulation (low SES, 
higher SES, SPD, or non-SPD), gender (women or men), 
and smoking status (current or never smoking). For the 
purpose of defining mortality risks, current smoking was 
defined as having smoked ≥ 100 cigarettes over a life-
time and currently smoking every day or some days [22]. 
Never smoking was defined as having smoked < 100 ciga-
rettes over a lifetime. To obtain stable estimates, in each 
stratification we simulated one million individuals over a 
modeled lifetime and projected life expectancy assuming 
no change in their smoking status nor SES/SPD status. 
We chose to simulate 40-year-olds at model start because 
tobacco-attributable mortality becomes more evident 
after age 40y [22]. We report life expectancy as age at 
time of death for ease of interpretation and comparison 
with other studies.

Key model input parameters and assumptions are in 
Table  1. We applied monthly all-cause mortality proba-
bilities stratified by gender, age, smoking status, and sub-
population, deriving them from NHIS data and the linked 
mortality files. To derive all-cause mortality probabili-
ties, we pooled NHIS data from 2004 to 2014 to obtain a 
large sample size. The NHIS was redesigned in 2004 [26], 
and 2014 was the last year prior to the 2015 Public-Use 
Linked Mortality Files (the latest available files when we 
performed the analysis) [27]. Given that data suggest that 
those who quit smoking retain the mortality risk of those 
who currently smoke for approximately 5 years follow-
ing cessation, and to limit bias that could be introduced 
due to changes in smoking status over time, we only con-
sidered the mortality for 5 years of follow-up after the 
NHIS interview [22, 28, 29]. For additional details on the 

derivation of mortality probabilities, including the deri-
vation of subpopulation-specific values, see Additional 
File 1.

To assess the uncertainty in our model projections, 
we performed sensitivity analyses around model input 
parameters, following guidance on good research prac-
tices in modeling [30]. We performed one-way sensitiv-
ity analyses and varied: (i, ii) monthly all-cause mortality 
probability for people who have never smoked (NS); (iii) 
all-cause mortality hazard ratios for people who cur-
rently smoke (CS) compared with NS according to upper 
and lower bounds of 95% confidence intervals; and (iv) 
all-cause mortality hazard ratios for CS compared with 
NS according to subpopulation-stratified ratios (Addi-
tional File 1).

Population-level smoking and mortality dynamics
In this second analysis, we simulated one million peo-
ple aged 20y and older in each subpopulation (low SES, 
higher SES, SPD, or non-SPD), where each subpopulation 
has a specific distribution of gender, age, and current/for-
mer/never smoking status derived from the 2019 NHIS 
(former smoking was defined as having smoked ≥ 100 
cigarettes over a lifetime but not in the last 5 years [22]) 
[21]. In contrast to the Individual-Level Life Expec-
tancy analysis, we allowed smoking status to change 
over time (initiation, cessation, relapse) [21]. Simulated 
subpopulations change each year as individuals die and 
new 20-year-olds enter the model. Smoking prevalence 
among entering 20-year-olds declines yearly according to 
subpopulation-specific secular trends estimated from the 
NHIS (see Additional File 1). Monthly all-cause mortal-
ity probabilities stratified by gender, age, smoking status, 
and subpopulation were applied as in the base case of the 
first analysis (see above).

In addition to these “status quo” scenarios, we also esti-
mated “alternate” scenarios for the marginalized subpop-
ulations in which initiation and cessation probabilities, 
as well as the rate of decline in smoking prevalence for 
new 20-year-olds entering the simulated subpopulation, 
match those in the corresponding less marginalized sub-
population. We estimated the time points at which each 
subpopulation would reach the 5% cigarette smoking 
prevalence threshold under status quo scenarios and, for 
marginalized subpopulations, under alternate scenarios. 
To estimate the total life-years lost among marginalized 
subpopulations specifically due to disparities in smok-
ing dynamics, we calculated the difference in model-
projected life-years accumulated by the low SES and SPD 
subpopulations under the status quo and alternate sce-
narios. This difference, derived from the simulated popu-
lation, was scaled to the U.S. population using weighted 
data from the NHIS to calculate the total life-years lost 
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Parameter Value (Range in sensitivity analysis) Source
PARAMETERS USED IN BOTH FIRST AND SECOND ANALYSES

Low SES High SES SPD Non-SPD
Examples of all-cause mortality (at age 60y) among people who 
never smoked, monthly probability (× 10− 4)a

Women: 9.0 (95% CI 
8.4–9.6)
Men: 12.7 (95% CI 
11.7–13.9)

Women: 
4.0 (95% CI 
3.7–4.3)
Men: 6.5 (95% 
CI 6.0-7.1)

Women: 
10.5 (95% CI 
8.6–12.8)
Men: 16.3 
(95% CI 
12.3–21.6)

Women: 
5.0 (95% CI 
4.8–5.3)
Men: 7.4 (95% 
CI 7.0-7.9)

NHISb

All-cause mortality hazard ratio, people who currently smoke vs. 
people who never smoked

Women: 2.4 (95% CI 2.3–2.5)
Men: 2.1 (95% CI 2.0-2.3)

NHISb

PARAMETERS USED ONLY IN SECOND ANALYSIS
Low SES Higher SES SPD Non-SPD

Women/men, % 55/45 51/49 61/39 51/49 NHISc

Initial age, mean (SD), years 46.1 (18.2) 48.2 (18.4) 46.7 (11.1) 46.8 (11.7) NHISc

Examples of initial prevalence of never/former/current smoking, 
by age, %

NHISc

  Age 20–24y Women: 79.8/6.4/13.8
Men: 80.2/9.2/10.6

Women: 
89.3/2.8/7.9
Men: 
81.6/9.4/9.0

Women: 
75.1/6.6/18.2
Men: 
53.4/22.7/23.9

Women: 
85.7/5.1/9.1
Men: 
82.4/6.3/11.3

  Age 40–44y Women: 
65.4/14.9/19.8
Men: 51.0/17.5/31.5

Women: 
68.3/20.0/11.7
Men: 
56.9/28.3/14.8

Women: 
42.7/22.0/35.3
Men: 
32.3/26.8/40.9

Women: 
71.6/16.4/11.9
Men: 
59.9/23.2/16.9

  Age 60–64y Women: 
50.3/17.8/31.9
Men: 44.1/24.0/31.9

Women: 
61.4/27.3/11.3
Men: 
49.0/35.7/15.3

Women: 
47.1/31.6/21.3
Men: 
36.0/26.1/37.9

Women: 
61.6/26.4/12.0
Men: 
53.7/31.1/15.2

Smoking initiation probability, monthly, by age and genderd 0-0.007
(0.75x-1.25x)

0-0.006
(0.75x-1.25x)

0-0.008
(0.75x-1.25x)

0-0.006
(0.75x-1.25x)

NHIS 
and 
Jeon 
[31]

Smoking cessation probability, monthly, by age and genderd 0-0.072
(0.75x-2.0x)

0-0.132
(0.75x-2.0x)

0-0.065
(0.75x-2.0x)

0-0.120
(0.75x-2.0x)

NHIS 
and 
Jeon 
[31]

Smoking relapse probability, monthly (t = months since cessation)e 0.62*e− 0.33*t (0.75x-1.25x) [54–57]
Annual relative decrease in current smoking prevalence among 
20-year-olds entering the cohort, %

-9.0 -12.1 -8.3 -10.5 NHISc

All-cause mortality hazard ratio, people who formerly smoked vs. 
people who never smoked, by age at smoking cessation

NHISb, 
Thun 
2013 
[29]

  <40yf Women: 1 (assumption)
Men: 1 (assumption)

  40–44y Women: 1.3
Men: 1.1

  45–54y Women: 1.4
Men: 1.3

  55–64y Women: 1.7
Men: 1.5

Table 1  Model input parameters
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due to smoking among people with low SES and among 
people with SPD in the U.S.

To allow smoking behavior to change dynamically, 
we applied monthly smoking initiation, cessation, and 
relapse probabilities in this second analysis (Table  1). 
Derivations and validation of age- and gender-stratified 
probabilities from NHIS data are described elsewhere 
[21]. From these age- and gender-stratified initiation 
and cessation probabilities, we derived distinct sets of 
initiation and cessation probabilities for each of the low 
SES, higher SES, SPD, and non-SPD subpopulations. To 
do this, we adapted data from Jeon et al., [31] who used 
NHIS data to estimate smoking initiation and cessation 
probabilities by birth cohort, age, gender, and family 
income. Family income brackets were defined as < 100%, 
100–199%, 200–299%, 300–399%, and > 400% of the fed-
eral poverty level (FPL). Jeon et al. provided us with the 
1970 birth cohort datapoints (stratified by gender, age, 
and family income level) used to create Figs. 1 and 2 of 
their paper (personal communication). Due to assumed 
differences in a 1970 birth cohort and our modeled 
cohort, which was not specific to a birth year but rather 
to a cross-section of the population, we calculated gen-
der-stratified ratios of smoking initiation and cessation 
probabilities between less marginalized and marginalized 
subpopulations. Based on the distribution of income lev-
els within and across subpopulations, we assumed > 400% 
FPL to represent less marginalized (higher SES and non-
SPD) subpopulations and 100–199% FPL to represent 
marginalized (low SES and SPD) subpopulations. We 
focused on smoking initiation and cessation probabili-
ties at age 20 and age 45, respectively, because they are 
approximately representative of age groups initiating 

and quitting smoking in our simulations [2, 32]. We used 
weights to reflect the sizes of low SES vs. higher SES 
subpopulations and SPD vs. non-SPD subpopulations, 
derived from NHIS data for ages 18–20 and 40–49 (age 
ranges were used to improve data precision) [33, 34]. The 
following series of equations were adapted for each age- 
and gender-specific probability of smoking initiation and 
cessation for the low SES, higher SES, SPD, and non-SPD 
subpopulations, with low SES used as an example:

	 wtlowSESprlowSES + wthigherSESprhigherSES = prall

	 wtlowSESprlowSES + wthigherSESRprlowSES = prall

	 prlowSES(wtlowSES + wthigherSESR) = prall

	 prlowSES = prall

(wtlowSES+ wthigherSESR)

where prx is the age- and gender-specific probability of 
initiation (or cessation) for x subgroup, wtx is the weight 
of x subpopulation based on its relative size, R is the 
ratio of initiation (or cessation) probabilities among the 
less marginalized subgroup compared with the marginal-
ized subgroup, and prall is the overall probability of ini-
tiation or cessation derived from the NHIS (not specific 
to subpopulation). Because Jeon et al. define cessation as 
abstinence at two years follow-up, R accounts for sub-
population differences in both quit attempts and relapse. 
The resulting age- and gender-stratified probabilities for 
smoking initiation and cessation were entered into the 
model for each subpopulation.

For this second analysis, we varied the following 
parameters in one-way sensitivity analyses (v): monthly 

Parameter Value (Range in sensitivity analysis) Source
  65-69y Women: 1.7

Men: 1.5
≥70y Women: 2.2

Men: 2.1
Abbreviations:

NHIS, National Health Interview Survey. SES, socioeconomic status. SPD, people with serious psychological distress. SD, standard deviation. CVD, cardiovascular 
disease. CI, confidence interval

Low SES was defined as having income < 100% of the federal poverty level, or having less than a high school education, or being a Medicaid beneficiary. SPD was 
defined as having a score of 13 or higher on the Kessler-6 scale

In the first analysis, all individuals in each modeled cohort are homogeneous by subpopulation (low SES, higher SES, SPD, or non-SPD), initial age (40 years), gender 
(women or men), and smoking status (current or never smoking)

In the second analysis, each modeled subpopulation cohort comprises individuals with a specific distribution of age, gender, and current/former/never smoking 
status, derived from NHIS
aMonthly mortality probabilities for 60-year-old people are provided as an example here. The model includes age-specific monthly probabilities for a range of ages
bThis was derived from NHIS 2004–2014
cThis was derived from NHIS 2019 (Low SES and Higher SES) and pooled NHIS 2009–2014 (SPD and Non-SPD) data
dFor the sensitivity analysis around smoking initiation and cessation probabilities, multipliers (e.g., multiply by 1.25) were applied to previously derived (from NHIS 
1997–2009 data) initiation and cessation probabilities that were stratified by age and gender but not by subpopulation [21]. 
eThis is based on relapse probabilities reported in smoking cessation intervention trials, focusing on placebo arms
fWe assumed no excess mortality among people who stop smoking before age 40y compared with people who never smoke [22, 29]. 

Table 1  (continued) 
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probabilities of smoking initiation, cessation, and relapse. 
In a multi-way sensitivity analysis (vi), we simultaneously 
varied the monthly probabilities of smoking initiation, 
cessation, and relapse to maximally increase or decrease 
smoking prevalence. For these sensitivity analyses, we 
used life expectancy as an outcome for comparison 
purposes. Also, for simplicity, we did not stratify initia-
tion, cessation, or relapse probabilities by subpopulation 
because the sensitivity to these input changes would vary 
similarly across groups. Lastly, we performed a sensitivity 
analysis (vii) in which smoking initiation and cessation 
probabilities are varied between less marginalized and 
marginalized subpopulations using relative risks calcu-
lated from Jeon et al., [31] rather than based on ratios and 
population-level weighting (see Additional File 1).

Results
Individual-level life expectancy
In the first type of analysis, where we simulated 40-year-
old people, smoking throughout adulthood (compared 
with never smoking) is associated with a greater reduc-
tion in life expectancy than is low SES (compared with 
higher SES) or SPD (compared with non-SPD) expe-
rienced throughout adulthood. For example, women 
with low SES who currently smoke have life expectancy 

(reported as age at death) of 70.3 years (Table  2). Their 
life expectancy loss associated with smoking, compared 
with the life expectancy of women with low SES who 
never smoke, is 10.1 years; their life expectancy loss 
associated with low SES, compared with the life expec-
tancy of women with higher SES who currently smoke, 
is 7.6 years (Table 2). Similar trends are seen among men 
with low SES who currently smoke, women with SPD 
who currently smoke, and men with SPD who currently 
smoke – the life expectancy loss associated with smok-
ing is greater than that associated with low SES or SPD. 
People with low SES and people with SPD have lower 
life expectancy than people with higher SES and people 
without SPD, respectively (Table 2).

Population-level smoking and mortality dynamics: 
smoking prevalence threshold
According to our second type of analysis, given recent 
smoking prevalence and trends (status quo), the higher 
SES subpopulation would reach a threshold of 5% smok-
ing prevalence in 2044 while the low SES subpopulation 
would reach that threshold 31 years later (Fig. 1). People 
without SPD would reach the 5% smoking prevalence 
threshold in 2053 while those with SPD would reach that 
threshold 29 years later.

Fig. 1  Projected current cigarette smoking prevalence for marginalized and less marginalized groups in the U.S. – status quo scenario
SES, socioeconomic status; SPD, serious psychological distress
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Figure 2 includes the alternate scenarios, where smok-
ing initiation and cessation probabilities, as well as the 
downward trends in smoking prevalence among new 
20-year-olds in the low SES and SPD subpopulations, 
are similar to those in the higher SES and non-SPD sub-
populations, respectively. Among people with low SES, 
the threshold of 5% smoking prevalence is reached 20 
years sooner in the alternate scenario than in the status 

quo scenario; among people with SPD, the threshold is 
reached 17 years sooner in the alternate scenario.

Population-level smoking and mortality dynamics: 
aggregate Life-years lost
The second type of analysis also indicates that the low 
SES population, comprising 61.4  million people, would 
accrue 5.3  million (0.2%) fewer life-years over 40 years 

Table 2  Model-projected life expectancy for 40-year-old people by gender, smoking status, and subpopulation
Women Men
Current 
smoking, LE, 
years

Never smok-
ing, LE, years

LE loss associated 
with lifelong smok-
ing, years

Current 
smoking, LE, 
years

Never smok-
ing, LE, years

LE loss
associated 
with lifelong 
smoking, years

Low SES 70.3 80.4 10.1 67.7 76.3 8.6
Higher SES 77.9 86.4 8.5 74.1 81.7 7.6
LE loss associated with low SES, years 7.6 6.0 6.4 5.4
SPD 68.6 78.3 9.7 65.0 73.3 8.3
Non-SPD 75.9 84.7 8.8 73.0 80.8 7.8
LE loss associated with SPD, years 7.3 6.4 8.0 7.5
Abbreviations: LE, life expectancy. SES, socioeconomic status. SPD, serious psychological distress

The individuals in each model simulation are homogenous by initial age (40 years), subpopulation, gender, and smoking status. In these simulations, we assumed 
no changes in smoking status over time, such that “current smoking” means continued smoking until death and “never smoking” means never initiating smoking. 
Similarly, SES and SPD were assumed unchanged from age 40 years through death

Low SES was defined as having income < 100% of the federal poverty level, or having less than a high school education, or being a Medicaid beneficiary. SPD was 
defined as having a score of 13 or higher on the Kessler-6 scale

Fig. 2  Projected current cigarette smoking prevalence for marginalized groups in the U.S. in the status quo and alternate scenarios
SES, socioeconomic status; SPD, serious psychological distress. Predicted prevalences in the alternate scenarios are adjusted for the age and gender 
distributions of each subpopulation
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under the status quo scenario than they would in the 
alternate scenario. The SPD population, comprising 
8.0  million people, would accrue 966,000 (0.3%) fewer 
life-years over 40 years under the status quo scenario 
than they would in the alternate scenario.

Uncertainty analyses
We tested the sensitivity of our findings to variations in 
input parameters. For our Individual-Level Life Expec-
tancy analyses, we found the following: (i) setting the 
mortality probabilities for NS to their upper and lower 
confidence bounds changes life expectancy estimates by 
approximately 1 year or less (≤ 1.4%) in all subpopula-
tions except for SPD, in whom life expectancy estimates 
change by up to 2.6y (3.3%) for women and 3.5y (4.8%) for 
men (Additional File 1, Supplementary Table 1); (ii) when 
mortality probabilities for NS increase or decrease by 
10%, life expectancy changes by ≤ 1.2y (≤ 1.6%) compared 
with the base case in all subpopulations (Additional File 
1, Supplementary Table 2); (iii) when mortality multipli-
ers for CS (hazard ratios vs. NS) are set at their upper 
and lower confidence bounds, life expectancy estimates 
vary by ≤ 0.7y (≤ 1.1%) (Additional File 1, Supplementary 
Table 3); and (iv) when subpopulation-stratified mortality 
multipliers for CS (hazard ratios vs. NS) are applied, life 
expectancy estimates vary by ≤ 3.1y (≤ 4.2%) (Additional 
File 1, Supplementary Table 4).

For our second type of analysis (Population-Level 
Smoking and Mortality Dynamics), we found that (v) 
increasing or decreasing the smoking initiation, cessa-
tion, or relapse rates by 25% changes life expectancies 
by ≤ 0.3y (Additional File 1, Supplementary Table 5). In a 
multi-way sensitivity analysis (vi) in which initiation, ces-
sation, and relapse are simultaneously varied by 25% in a 
manner to either maximize or minimize the prevalence 
of CS, life expectancies change by ≤ 0.6y (Additional File 
1, Supplementary Table 6). Note that for simplicity, these 
two sensitivity analyses used models where initiation, 
cessation, and relapse probabilities were not stratified by 
subpopulation, but the results would be similar if they 
had been. In the sensitivity analysis utilizing relative risks 
of smoking initiation and cessation without weighting by 
subpopulation size (vii), the difference in time needed 
to reach 5% smoking prevalence increases by 8 years 
between low SES and higher SES subpopulations and 11 
years between SPD and non-SPD subpopulations (Addi-
tional File 1, Supplementary Fig. 1).

Discussion
Using a simulation model of cigarette smoking, we pro-
jected substantial ongoing and future disparities in 
smoking-associated health outcomes between U.S. mar-
ginalized groups at high risk for tobacco smoking and 
their less marginalized counterparts. At an individual 

level, we find that smoking is associated with a major loss 
in life expectancy for people with low SES and people 
with SPD, even greater than the loss in life expectancy 
associated with low SES or SPD themselves. At a popu-
lation level, given current trends a 5% cigarette smoking 
prevalence threshold will be reached much later in mar-
ginalized compared to less marginalized subpopulations. 
Together, these findings show that the delay in reaching 
this threshold will result in millions of life-years lost for 
marginalized subpopulations compared to an alternate 
scenario with no disparity in smoking dynamics due to 
SPD or low SES.

Our results are generally robust to changes in model 
assumptions and statistical uncertainty. Because of wider 
NHIS-derived confidence intervals for never smok-
ers’ mortality rates among people with SPD, their life 
expectancy estimates varied more than those of other 
subpopulations in sensitivity analysis. When we simul-
taneously varied initiation, cessation, and relapse prob-
abilities by 25% in directions to maximally increase or 
decrease smoking prevalence, life expectancy across the 
scenarios for people with SPD vary by up to 0.6y, whereas 
life expectancy vary by up to 0.4y in the other three sub-
populations. For SPD and non-SPD subpopulations, our 
estimates of the individual-level life expectancy effects of 
tobacco use are similar to previously published estimates, 
differing by no more than 9% [35]. Similar comparisons 
for the SES subpopulations are not available.

Our projections may be considered alongside recent 
estimates of future smoking prevalence and life-years 
lost due to smoking by SPD status. Xi et al. estimated 
that through 2100, smoking prevalence among individu-
als with SPD will fall no lower than 10.7% absent changes 
to the status quo [36]. However, they assume for model-
ing simplicity that youth smoking initiation will remain 
constant, whereas we assume it will continue to decline 
(as reflected in smoking prevalence among 20-year-olds 
entering the simulated cohort each year) as it has for 
many years [37]. Under a “maximum potential reduction 
in premature mortality” scenario (i.e., all smoking initia-
tion and current smoking ceases in 2024), those authors 
find 3.1 million life-years would be saved through 2100. 
Our alternate modeling scenario focuses on a different 
question, estimating the potential benefits of improv-
ing marginalized populations’ smoking dynamics (ini-
tiation, cessation) to the point where they equal those of 
less marginalized groups, and finds comparable impact 
with 966,000 life-years projected to be saved over 40 
years for people with SPD compared to people without 
SPD. Again, similar estimates by SES are not available. 
Other studies report population-level life-years lost due 
to smoking or gained from tobacco control interventions 
in the U.S. general population. Holford et al. estimated 
the impact of U.S. tobacco control efforts over the nearly 



Page 9 of 11Levy et al. BMC Public Health         (2025) 25:1546 

50 years following the first Surgeon General’s report on 
smoking in 1964, finding that tobacco control efforts over 
that period resulted in 157 million life-years saved [3]. A 
more narrowly focused study by Tam et al. estimated the 
potential impact of cigarette package graphic warning 
labels on population health through 2100, finding that 
such a policy change would likely result in 7.9 million life-
years gained [38]. Although focused on policy changes 
rather than sociodemographic differences in smoking 
dynamics, these two studies support the face validity of 
our estimates of the impact of SES- and SPD-associated 
tobacco use. Additionally, those studies show that policy 
changes can prevent adverse population health outcomes 
of the sort we estimate.

Despite the U.S. Department of Health and Human 
Services’ goal of achieving 5% cigarette smoking preva-
lence by 2030, there are few reports projecting whether 
the U.S. is on a trajectory to achieve that target. Since 
1999, the prevalence of current cigarette smoking in the 
U.S. has declined by approximately 0.5% points per year 
[39, 40]. If this trend continues, the smoking threshold 
of 5% would be reached in approximately 2034. How-
ever, such a rough calculation does not adjust for evolv-
ing population demographics, including trends that may 
result in “hardening,” the term for what would happen if 
tobacco use concentrates increasingly among those who 
have the most difficulty quitting, a particular concern 
among marginalized groups [41]. 

As the public health community looks toward the 
tobacco endgame, our results demonstrate that there is 
not a single tobacco endgame, but many tobacco end-
games for different subpopulations affected by smoking. 
We focused on individuals with low SES and with SPD 
because they are, respectively, the largest subpopulation 
with significantly elevated smoking prevalence and a sub-
population with very high smoking prevalence [9–11, 
16–18, 42]. Despite the SPD subpopulation being only 
13% the size of the low SES subpopulation, the projected 
life-years lost associated with smoking in the SPD group 
is 18% the estimate for the low SES group. While these 
subpopulations have important overlap which we do not 
assess here due to data limitations, it is clear that the 
harm of smoking is particularly acute in the subpopula-
tion with SPD and potentially even more so in those with 
both low SES and SPD. We focused on cigarette smok-
ing given data availability, but reaching a comprehensive 
tobacco endgame will require a reduction in the use of 
other tobacco products, as well.

Narrowing the disparity in tobacco use between mar-
ginalized and less marginalized populations will require 
significant, concerted, and often targeted effort. Healthy 
People 2030 lays out several policy goals to reduce the 
harms of tobacco use, including advocacy for increas-
ing tobacco taxes and wider prohibitions of smoking in 

multiunit housing [43]. Disparities may also be reduced 
through improved logistical and financial access to 
tobacco treatment. Generous Medicaid coverage for 
smoking cessation treatments has been shown to reduce 
smoking prevalence and heart disease among beneficia-
ries with low SES who smoke [40, 44]. Adverse social 
determinants of health are common among those with 
low SES and those with SPD; [45] studies have shown 
that addressing social determinants of health as part of 
a tobacco treatment initiative can improve cessation 
[46–49]. Further, state tobacco quitlines that tailor their 
messaging to callers with mental health conditions have 
shown promise [50]. 

Our estimates of the impact of tobacco-related health 
disparities are based on a microsimulation model that 
has been validated relative to overall historical pat-
terns of tobacco use in the US general adult population 
[21]. However, it is uncertain if these historical trends 
will continue or if they match those of subpopulations 
defined by SES or mental health. Data about smoking 
initiation, cessation, relapse, and mortality probabili-
ties came from slightly different NHIS periods due to 
data availability and the need to aggregate some data 
across years to improve precision. We consider low SES 
and SPD to be stable characteristics in our modeling 
populations, although these are non-permanent states 
for many individuals. Despite this being cited as a limi-
tation in other modeling analyses as well, we sought to 
minimize the impact of this limitation on mortality risk 
estimates by generating these estimates using mortality 
data only within five years of the low SES or SPD status 
determination [35, 36]. Our analyses focus on cigarette 
smoking. To the extent that reductions in cigarette smok-
ing prevalence are offset by other combusted tobacco 
use – particularly if this occurs disproportionately in 
the marginalized groups – we will have underestimated 
the outcomes disparities. Finally, although our smok-
ing-associated mortality hazard ratios were adjusted 
for several factors as in a prior study, there remains the 
possibility of unmeasured confounding of the relation-
ship between smoking and mortality [29]. Nonetheless, 
the association between smoking and mortality has been 
extensively studied and documented [22, 29, 51–53]. 

Conclusions
In summary, we found that, while tobacco use continues 
to decline, existing disparities in cigarette smoking por-
tend substantial ongoing disparities in health outcomes, 
including life expectancy, well past the point at which 
less marginalized subpopulations have reached a surro-
gate of the tobacco endgame goal. Effective strategies to 
reduce disparities in tobacco use exist, but success will 
depend on multipronged efforts in the policy and clini-
cal spaces that prioritize marginalized subpopulations. 
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Ultimately, reducing tobacco-related disparities in the 
U.S. will require an explicitly equity-focused vision and 
the tobacco endgame will only be truly achieved when it 
includes all groups.
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