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A B S T R A C T

Introduction: Tobacco industry offers price promotions to promote cigarette smoking. Several social identities (e. 
g., women, people with low socioeconomic status) are independently associated with exposure and use of these 
promotions. We examined how combinations of social identities relate to use of cigarette price promotions.
Methods: We analyzed data from adults who reported current cigarette smoking and purchased their own cig-
arettes in the 1995–2019 U.S. Tobacco Use Supplement to the Current Population Survey (n = 35,749). We 
applied a statistical-learning boosting algorithm followed by weighted logistic regression models with 3-way 
interactions to identify combinations of social identities related to cigarette price promotion use.
Results: This analysis revealed that use of cigarette price promotions varied greatly by combinations of social 
identities. For example, estimated 39.80% of Asian female adults living in the Midwest used these promotions in 
their last purchase. Meanwhile, estimated 2.80% of Asian male 31–45-year-old adults reported the same 
behavior. Additionally, American Indian/Alaskan Native peoples were indicated in four of the ten combinations 
of social identities with highest prevalence of cigarette price promotion use.
Discussion: Our approach allowed for discovery of previously less appreciated social identities (e.g., race/ 
ethnicity) related to high probability of using cigarette price promotions. These findings also revealed how 
combination of social-identity-related power dynamics may shape use of cigarette price promotions. Adopting 
this perspective in future surveillance and policy evaluation effort will provide better understanding in com-
mercial tobacco use disparities.

1. Introduction

Every year, cigarette smoking claims over 480,000 lives in the 
United States, with much of smoking-related morbidities and mortalities 
disproportionately impacting social and economically disadvantaged 
groups (U.S. Department of Health and Human Services, 2014). Tobacco 
marketing plays a major role in promoting cigarette smoking (National 
Cancer Institute, 2008). Price discounting is an important strategy 
employed by the tobacco companies to promote cigarette smoking, with 
about 90% of tobacco companies’ marketing expenditures were used to 
provide price discounts in the last decade (Federal Trade Commission, 
2021). Internal documents showed that the tobacco industry use price 
discounting and promotions to reduce the effect of tax increases on to-
bacco product sales (Apollonio and Glantz, 2020). Additionally, tobacco 
companies target specific populations when deploying price discount-
ing, e.g., young adults, women, sexual and gender minorities, and in low 

socioeconomic status were independently associated with greater 
exposure to and use of cigarette price promotions (Brown-Johnson et al., 
2014; Choi and Boyle, 2017; Liber et al., 2022; Osman et al., 2019; Xu 
et al., 2013). Importantly, cigarette price promotions have been shown 
to be related to smoking initiation, progression, and continuation 
(Hamilton-Moseley et al., 2023; Liber et al., 2022). Consequently, 
cigarette price discounting potentially contributes cigarette smoking 
disparities.

Conventional multivariable approaches are limited in their ability to 
examine tobacco use disparities. This is because, as posited in the 
Intersectionality Theory, a person’s experience is the result of the in-
teractions of interconnected multiple identities and their associated 
power differences. (Crenshaw, 1989) Previous studies have applied this 
theory in conceptualizing determinants of tobacco use disparities 
(Sheffer et al., 2022) and in examining tobacco product use behaviors 
(Amroussia et al., 2020; Choi et al., 2023). However, no studies to date 
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have applied this theory to examine exposure and use of tobacco price 
discounting. Therefore, the current study applied an intersectional 
perspective to explore how use of cigarette price promotions varies by 
combinations of social identities. Specifically, we first explored social 
identities related to cigarette price promotion use. We then examined 
how cigarette price promotion use varied by different combinations of 
these identities, which will illustrate the subpopulations that are most 
burdened by this marketing tactic.

2. Methods

We analyzed data from the U.S. Tobacco Use Supplement to the 
Current Population Survey (TUS-CPS) conducted between 1995–2019 
(National Cancer Institute, 2024). The survey uses a two-stage address- 
based probability sampling approach to assemble a US nationally 
representative non-institutionalized adult sample (18 years and older). 
We restricted the analysis to participants who reported every-day and 
some-day cigarette smoking and purchasing their cigarettes (n =
35,749). This secondary analysis national survey data did not require 
review or approval by the National Institutes of Health Institutional 
Review Board per 45 CFR 46 because it only involved de-identified data 
and therefore is not considered human subjects research.

The dependent variable was the use of cigarette price promotions. 
Respondents were asked if they used coupons, rebates, or any other 

special promotions during their last cigarette purchase (yes/no). The 
independent variables that reflected important social identities included 
age, sex, race, ethnicity, educational attainment, annual household in-
come, employment status, US citizenship status, marital status, urbanity, 
and census region. We included missing income as a category instead of 
imputing the income for those who did not report their income. This was 
because there are individuals who are unwilling to report their incomes 
in the real world. This allowed our algorithm to identify individuals who 
have a high probability of using cigarette price promotion in the real- 
world setting.

To explore social identities related to cigarette price promotion use, 
we first partitioned the data into training (1995–2015) and testing data 
(2018–2019). We applied a statistical-learning boosting algorithm 
(Hastie et al., 2009) to the training data while applying sampling 
weights. The aim of a boosting algorithm was to identify an ensemble of 
independent variables that have a high probability of correctly pre-
dicting the value of the dependent variable. Through this iterative sta-
tistical learning process, we estimated a variable importance score for 
each independent variable. We then pruned the model sequentially, 
starting from the variable with the lowest to the highest variable 
importance score, and calculated area under the curve (AUC) statistic for 
every model against the testing data. We tested whether the difference in 
AUC between models with k and k-1 variables was statistically signifi-
cant. The final set of independent variables was chosen by achieving 

Table 1 
Weight social identities and circumstances overall and by tobacco price promotion use, U.S. Tobacco Use Supplement to the Current Population Survey, 1995–2019.

Social identities and circumstances Overall Used price promotions Did not use price promotions
n Weighted % n Weighted % n Weighted %

Race/ethnicity: American Indian/Alaskan Native 664 1.9 72 2.0 592 1.8
Race/ethnicity: Asian 812 2.3 60 1.6 752 2.3
Race/ethnicity: Black 3860 10.8 327 8.9 3533 11.0
Race/ethnicity: Hispanic 2466 6.9 206 5.6 2260 7.0
Race/ethnicity: Other/multi-race 619 1.7 69 1.9 550 1.7
Race/ethnicity: White 27,328 76.4 2936 80.0 24,392 76.0
Age: ≤30 years 5578 15.6 562 15.3 5016 15.6
Age: 31–45 years 10,187 28.5 1126 30.7 9061 28.2
Age: 46–60 years 11,940 33.4 1288 35.1 10,652 33.2
Age: >60 years 8044 22.5 694 18.9 7350 22.9
Sex: Male 17,939 50.2 1519 41.4 16,420 51.2
Sex: Female 17,810 49.8 2151 58.6 15,659 48.8
Education: <High school 5429 15.2 567 15.4 4862 15.2
Education: High school diploma/GED 14,139 39.6 1453 39.6 12,686 39.5
Education: Some college, no degree 7741 21.7 841 22.9 6900 21.5
Education: Associate degree 3873 10.8 454 12.4 3419 10.7
Education: Bachelor’s degree 4567 12.8 355 9.7 4212 13.1
Income: <US$15,000 6441 18.0 637 17.4 5804 18.1
Income: US$15,000-$29,999 6550 18.3 742 20.2 5808 18.1
Income: US$30,000-$49,999 7150 20.0 790 21.5 6360 19.8
Income: US$50,000-$74,999 5474 15.3 566 15.4 4908 15.3
Income: ≥US$75,000 5877 16.4 507 13.8 5370 16.7
Income: Missing 4257 11.9 428 11.7 3829 11.9
Employment: Employed 20,028 56.0 1956 53.3 18,072 56.3
Employment: Employed, not at work 710 2.0 67 1.8 643 2.0
Employment: Unemployed, looking for work 1668 4.7 209 5.7 1459 4.5
Employment: Unemployed, on layoff 291 0.8 31 0.8 260 0.8
Employment: Not in labor force 13,052 36.5 1407 38.3 11,645 36.3
Citizenship: US born 33,702 94.3 3524 96.0 30,178 94.1
Citizenship: Foreign Born, naturalized citizen 958 2.7 68 1.9 890 2.8
Citizenship: Non-citizen 1089 3.0 78 2.1 1011 3.2
Marital status: Never married 10,041 28.1 995 27.1 9046 28.2
Marital status: Married 13,473 37.7 1422 38.7 12,051 37.6
Marital status: Divorced 8252 23.1 869 23.7 7383 23.0
Marital status: Separated 1484 4.2 156 4.3 1328 4.1
Marital status: Widowed 2499 7.0 228 6.2 2271 7.1
Urbanicity: Metropolitan 25,474 71.3 2636 71.8 22,838 71.2
Urbanicity: Non-Metropolitan 9779 27.4 980 26.7 8799 27.4
Urbanicity: Not identified 496 1.4 54 1.5 442 1.4
Region: Northeast 5215 14.6 485 13.2 4730 14.7
Region: Midwest 8603 24.1 961 26.2 7642 23.8
Region: West 7562 21.2 659 18.0 6903 21.5
Region: South 14,369 40.2 1565 42.6 12,804 39.9
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model parsimony without statistically significantly lower AUC than the 
full model. These analyses were conducted in the caret R package (Kuhn, 
2008; Kuhn and Johnson, 2018).

To examine how cigarette price promotion use varied by different 
combinations of the final set of independent variables, we fitted 
weighted logistic regression models to the entire dataset including main 
effects, all two-way and three-way interactions of variables included in 
the final model with replicate weights to estimate predicted marginal 
probabilities of price promotion use across three-way interactions of 
these variables. We limited the models to three-way interactions to 
avoid small cell sizes. These analyses were conducted in SAS® version 
9.4 (SAS Institute: Cary, NC).

3. Results

Table 1 presents the weighted distributions of the independent and 
dependent variables in the overall analytic population and by use of 
cigarette price promotions in the last purchase. The AUC statistics 
showed model fits were similar with 10, 9, 8, and 7 most important 
variables in the model (AUC ~ 0.59), but it became significantly lower 
with fewer than 7 variables (AUC < 0.58, p < 0.05). These variables are 
age, sex, race, education, employment status, annual household income, 
and census region. Fig. 1 shows the combinations of three independent 
variables that yielded that top ten highest and bottom five lowest pre-
dicted marginal of using cigarette price promotions in the last purchase. 
Supplementary Table S1 shows a full list of predicted marginal proba-
bilities (n = 1,817). The three combinations with the highest predicted 
marginal probabilities of using cigarette price promotions in the last 

purchase were: (1) Asian female adults living in the Midwest (39.80%), 
(2) American Indian (including Alaskan Native) 31–35-year-old adults 
living the South (36.92%), and (3) adults who were employed but absent 
from work (e.g., illness/injury, childcare and other family obligations) 
with high school or general education development (GED) diploma and 
an annual household income between US$15,000–29,999 (35.45%). 
The three combinations with the lowest predicted marginal probabilities 
of using cigarette price promotions in the last purchase were: (1) adults 
with at least a bachelor’s degree and an annual household income be-
tween US$30,000–49,999 living in the Northeast (2.95%), (2) Asian 
male 31–45-year-old adults (2.80%), and (3) Black adults living in the 
South who did not report annual household income (1.95%).

4. Discussion

The current analysis revealed that, depending on the combinations of 
their social identities, there were high levels of heterogeneity on using 
cigarette price promotions among adults who currently smoke. No 
studies to date have found that race (e.g., Asian and Native American 
peoples), ethnicity (e.g., Hispanic peoples) and census region were 
associated with cigarette price promotion use. Intersectionality Theory 
posits that our findings could be a result of identity-associated power 
dynamics (Crenshaw, 1989). For example, a majority of U.S. Asian 
peoples worried about discrimination despite the “model minority” 
stereotype (Ruiz et al., 2023). Additionally, racial arrest disparities were 
the worst in the US Midwest (Jewett et al., 2024). Meanwhile, Native 
Americans continues to suffer from historical trauma (Evans-Campbell, 
2008) and federal policies that deprived Native American peoples 

Fig. 1. Combinations of social identities with ten highest and five lowest predicted marginal percent of using cigarette price promotion in the last purchase, 
1995–2019 U.S. Tobacco Use Supplement to the Current Population Survey (n = 35,749). Estimates are adjusted for age, sex, race, education, employment status, 
annual household income, and census region and their two-way and three-way interactions. The x-axis is percent using cigarette price promotion in the last purchase. 
Note: HS = high school, GED = General Educational Development, BA = bachelor’s degree, PhD = doctoral degree.
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economic opportunities (Crepelle, 2023). These social forces could in-
crease daily stressors, and prompt increases in cigarette consumption, as 
shown in our previous study on concern for discrimination and changes 
in cigarette consumption among Asian Americans (Liu et al., 2023). 
Provision of cigarette price promotions by tobacco industry, especially 
with targeting of social and economically peoples (Brown-Johnson et al., 
2014), lowers the financial hurdle for increasing cigarette consumption 
in response to daily stressor. Without these price promotions, in-
dividuals may seek healthy alternatives to cope with their stress, which 
could lead to smoking cessation.

Ribisl and colleagues proposed that a comprehensive cigarette pric-
ing regulation should include excise taxes, minimum prices, and price 
promotion restrictions (Ribisl et al., 2022). Our findings highlight the 
benefit of examining combined effects of social identities when exam-
ining tobacco use disparities, and perhaps also when evaluating tobacco 
control policies. To date, New York and New Jersey States, as well as 
Providence, Rhode Island have prohibited provision of in-store price 
discounts, distribution and/or redemption of tobacco discount. As more 
states and localities in the US adopt policies to ban discount coupon 
redemption and/or price promotions for commercial tobacco, it is 
important to investigate whether these policies reduce exposure to 
cigarette price promotions and their impact on smoking behaviors in 
groups with combinations of social identities associated with high 
exposure (e.g., smoking cessation). Additionally, it will be important to 
assess how individuals in these groups shift their use in other cigarette 
expenditure minimizing strategies (Choi and Boyle, 2017) to truly un-
derstand the impact of these policies.

While this study leveraged a large sample size pooling data across 
multiple waves of TUS-CPS, it has limitations. First, the survey did not 
assess sexual and gender identities, a known factor associated with to-
bacco coupon exposure (Liber et al., 2022). Second, the survey lacks 
detail ancestral information within the Asian respondents, inhibiting us 
to further examine heterogeneity within this population. Third, given 
the measure on cigarette price promotion use only assess the last pur-
chase, it is likely to underestimate the prevalence of using cigarette price 
promotions. Fourth, the current study focused on the use of cigarette 
price promotions among those who purchased cigarettes. Therefore, our 
findings may not be generalizable to exposure to these price promotions 
among adults in general. Fifth, the survey only included coupons, re-
bates, and other special promotions as examples of price promotions. 
Therefore, it was unclear if participants included “special price when 
you buy 2 packs” type of promotions in their responses, which could lead 
to underestimation of the prevalence of price promotion use. Finally, the 
data were collected over 20 years when the tobacco marketplace 
changed dramatically. However, it is noteworthy that disparities in 
cigarette smoking by social identities persisted over time (Choi et al., 
2023).

Despite these limitations, our findings have public health implica-
tions. By applying an intersectional perspective to examine use of an 
important cigarette marketing strategy, we found substantial heteroge-
neity depending on the combinations of social identities. These findings 
illustrated the subpopulations who are most burdened by this marketing 
strategy, and how regulations on cigarette price promotions may reduce 
international disparities in cigarette smoking. Additionally, we provided 
a novel approach for future public health surveillance and policy eval-
uation to better understand health disparities.
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