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Abstract

Objectives

To provide an up-to-date analysis on the relationship between excise taxes and the preva-
lence of cigarette smoking in the United States.

Methods

Linear mixed-effects models were used to model the relationship between excise taxes and
prevalence of cigarette smoking in each state from 2001 through 2015.

Results

From 2001 through 2015, increases in state-level excise taxes were associated with
declines in prevalence of cigarette smoking. The effect was strongest in young adults (age
18-24) and weakest in low-income individuals (<$25,000).

Conclusions

Despite the shrinking pool of current smokers, excise taxes remain a valuable tool in public-
health efforts to reduce the prevalence of cigarette smoking.

Policy implications

States with high smoking prevalence may find increased excise taxes an effective measure
to reduce population smoking prevalence. Since the effect is greatest in young adults, bene-
fits of increased tax would likely accumulate over time by preventing new smokers in the piv-
otal young-adult years.
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Introduction

Tobacco smoking is associated with increased risk of a wide variety of health problems—cer-
tainly the best known being lung cancer and cardiovascular disease(s), but ongoing research
now suggests that it affects nearly every organ in the body [1]. Many public health interven-
tions have been attempted in efforts to decrease the population prevalence of cigarette smok-
ing. Some examples include targeted smoking bans, advertising restrictions, health literacy
campaigns, and excise taxes.

The smoking prevalence at any point in time reflects both the prior prevalence as well as
the current rate of initiation and the current rate of cessation. While the prevalence of cigarette
smoking in the United States (US) has decreased significantly in the past few decades [2], 15%
of the adult population still identify as current smokers, according to a 2015 report from the
Centers for Disease Control and Prevention (CDC) [3]. Furthermore, specific groups (i.e.
males, aged 25-44 years, minority races, and lower socioeconomic status) were noted to have
higher smoking prevalence.

There is conflicting evidence regarding the impact of pricing and/or taxes on smoking prev-
alence in the United States; some studies have suggested that increasing excise taxes are related
to lower smoking prevalence, while others have suggested that taxation has minimal or no effect
on smoking prevalence. Much research of the relationship between prices and smoking preva-
lence has been based on cross-sectional analyses, some using aggregate data [4, 5] while others
used individual-level data [6-14]. In 1997, Meier and Licari performed a longitudinal analysis
showing that increased excise taxes were related to declines in smoking in the United States
from 1955-1994 [15]; we sought to build on this work with a more contemporary dataset.

The primary aim of this analysis was to assess the impact of changes in cigarette excise taxes
on changes in smoking prevalence by state, utilizing publicly available data sources, from
2001-2015. As a secondary analysis, we also performed stratified analyses to determine
whether the effects varied across age groups, race, and income level. Finally, we tested whether
the impact of tax increases was influenced by prior tax rate or smoking prevalence.

Methods
Survey methodology

Smoking prevalence from 2001-2015 was estimated using data obtained from the Behavioral
Risk Factor Surveillance System (BRESS). The BRESS is a telephone survey conducted annually
by the CDC across all 50 states, the District of Columbia, and selected US territories. The
BRESS collects data regarding health-related behaviors, access to healthcare, and chronic con-
ditions. A full description of the survey design, sampling methods, data collection, and statisti-
cal weighting can be found on the CDC website [16]. In 2011, the BRFSS methodology was
expanded, beyond landlines, to include cellular phones while also updating the weighting
methodology from poststratification weighting to iterative proportional fitting (raking)
weighting [17].

From 2001-2004, current smokers were identified using the _SMOKER2 (Computed
Smoking Status) variable, while from 2005-2015, the _SMOKER3 (Computed Smoking Sta-
tus) variable was used. The responses of “Current Smoker—Now Smokes Every Day” and
“Current Smoker—Now Smokes Some Days” were considered smokers in our analysis. The
variable STOPSMK?2 was used to identify if current smokers had tried to quit smoking in the
prior 12 months.

Only respondents with a reported age were included in the analysis. Age classifications
were identified using the _AGEG5YR (Reported age in five-year age categories) variable from
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the 2001-2015 BRESS data. From there, Age was further classified into four age categories; 18—
24, 25-44, 45-65, and 65+ years of age.

Reported household income was identified in the 2001-2015 datasets using the INCOME2
(Computed income categories) variable. Household income was grouped into four categories;
<$25,000, $25,000-<$50,000, $50,000-<$75,000, and >$75,000.

Races included for sub-population analysis were White/Non-Hispanic, Black/Non-His-
panic, and Hispanic. Race was identified from 2001-2012 with the _RACEGR?2 (Five level
race/ethnicity category) variable and from 2013-2015 with the _RACEGR3 (Five level race/
ethnicity category) variable.

Cigarette taxes

State excise taxes (per pack of cigarettes) from 2001-2015 were collected from the Federation
of Tax Administrators [18]. This analysis included only taxes imposed at the state level, but
does not account for any additional county or city taxes. Any further “in lieu” cigarette sales
tax or surcharges were also excluded.

Statistical methods

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). The
SURVEYFREQ procedure was utilized to apply appropriate weight, strata, and cluster vari-
ables to calculate the prevalence of current smokers and the percentage of current smokers
who tried to quit within the past 12 months by state for each year from 2001-2015. Linear
mixed-effects models were used to estimate the absolute percent change in smoking prevalence
associated with an increase of $0.25 in cigarette tax to correspond with an amount that most
people can easily relate. Smoking prevalence in each state was the dependent variable, with a
fixed-effect for the state’s per-pack cigarette tax and random effects for state and year. Analyses
were performed using the entire BRFSS cohort and then stratified by age, gender, income, and
race to determine whether the effect of cigarette taxes on smoking prevalence varied across dif-
ferent sociodemographic groups. The models are presented such that the reader can see the
estimated mean change in overall smoking prevalence associated with a 25-cent tax increase,
then see the effects of the same 25-cent tax increase on smoking prevalence within specific
groups of interest (age, gender, income, and race). In each model, interaction terms (tax
increase*prior smoking, tax increase*prior tax rate) were tested to determine whether the rela-
tionship between tax increases and smoking prevalence was affected by prior tax rate or prior
smoking prevalence.

Results
Trends in smoking prevalence, 2001-2015

Over 5.5 million adults participated in the BRESS from 2001-2015 (S1 Table). State level smok-
ing prevalence ranged from 13.3-30.9% in 2001; this decreased to range of 9.1-26.1% in 2015
(Fig 1; for details see S2 Table). During the same period, there was an increase in current
smokers who tried to quit within the prior 12 months; in 2001 the state level rates of current
smokers that reported trying to quit ranged from 47.7-65.7%, while in 2015 the range was
53.3-68.3%.

Trends in cigarette taxes, 2001-2015

The frequency of cigarette tax increases by state is summarized in Fig 2. Three states did not
increase cigarette taxes at all from 2001-2015; most states increased cigarette taxes either twice
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Fig 1. Distribution of state level smoking prevalence, 2001-2015.
https://doi.org/10.1371/journal.pone.0204416.g001

(18 states) or three times (14 states); and five states increased cigarette taxes 5 times or more.
In 2001, state cigarette taxes ranged from $0.03-$1.11 per pack; by 2015, the range had
increased to $0.17-$4.35 per pack (Fig 3; for details see S3 Table).

Impact of cigarette tax increases on smoking prevalence

Linear mixed-effects models suggest that an additional $0.25 per-pack tax was associated with
an estimated 0.6% absolute reduction in smoking prevalence (p<0.001; Table 1). Notably,
increases in cigarette tax had the greatest impact on smoking prevalence in younger adults; a
$0.25 per-pack tax increase was associated with an estimated 1.5% reduction in smoking prev-
alence among those aged 18-24 (p<0.001), 0.5% reduction in ages 25-44; 0.4% reduction in
ages 45-64; and 0.2% reduction in those 65+ years of age, respectively.

Paradoxically, when stratifying by income, cigarette taxes had the least impact in smoking
prevalence for those with the lowest income, with a $0.25 tax increase associated with a mini-
mal change (0.09% reduction) in smoking prevalence among participants with income
<$25,000; in contrast, there was an estimated 0.75% reduction per $0.25 tax increase in those
making $25,000-$50,000; a 0.63% reduction per $0.25 tax increase in those making $50,000-
$75,000; and a 0.62% reduction per $0.25 tax increase in those making >$75,000.
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When stratifying by race, the difference between groups was noticeable but somewhat less
pronounced. Estimated responses to a $0.25 tax increase were very similar in White/Non-His-
panic (0.63% reduction in smoking prevalence) and Hispanic (0.65% reduction) subgroups
while the Black/Non-Hispanic subgroup had an estimated 0.4% reduction in response to $0.25
per-pack tax increase.

The results were virtually identical for males and females. There appeared to be no differen-
tial effect of a tax increase on smoking prevalence by gender.

We also tested for interactions between tax increase and two potential effect modifiers
thought to affect the possible relationship between tax increases and smoking prevalence: each
state’s prior smoking prevalence and prior tax rate. Interestingly, the interaction term between
tax increase and prior smoking prevalence had a significant (p = 0.001) positive association
with smoking prevalence, suggesting that the effect of tax increases was more pronounced in
states with a higher baseline smoking prevalence. However, there was no significant interac-
tion between the effect of a tax increase and the prior tax rate (p = 0.298), indicating that the
effects of an excise tax increase on smoking prevalence were not dependent on the prior tax
rate in a given state and year.
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Fig 3. Distribution of state level cigarette taxes, 2001-2015.

https://doi.org/10.1371/journal.pone.0204416.9003

Impact of cigarette taxes on attempts to quit

It appears that increased taxes also have an association with the percentage of smokers that
tried to quit the past 12 months. Our analyses suggest that an additional $0.25 in cigarette tax
was associated with an estimated 0.67% increase in the percentage of active smokers that
reported trying to quit smoking (Table 1). This effect was most pronounced in participants
aged 25-44 (0.85% increase per $0.25 additional tax) and 45-64 (0.87% increase per $0.25
additional tax). The impact of an additional $0.25 tax is relatively similar across income levels,
with the smallest effect being 0.63% for those making $50,000-<$75,000, while the largest
absolute increase is 0.70% for those making <$25,000. Finally, when stratifying by race, we
again see that White/Non-Hispanic (0.60%) and Hispanic (0.58%) have similar absolute
increases in the percentage of smokers who tried to quit, while Black/Non-Hispanic has the
smallest estimated increase of 0.2% in response to the additional tax.

Discussion

In this manuscript, we have used data from a nationally representative survey, the Behavior
Risk Factor Surveillance System, to evaluate the relationship between changes in state cigarette
taxes and smoking prevalence. Our analysis of a contemporary dataset of the US population
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Table 1. Model-based estimated impact of $0.25 tax increase on smoking prevalence.

Smoking Prevalence

Tried to Quit Smoking within the Past 12 Months

Beta 95% CI p-value Beta 95% CI p-value

All Participants -0.60 (-0.66, -0.55) <0.001 0.67 (0.57,0.76) <0.001
Stratified By Age

18-24 -1.45 (-1.59, -1.30) <0.001 0.29 (0.09, 0.48) 0.003

25-44 -0.50 (-0.58, -0.42) <0.001 0.85 (0.72,0.97) <0.001

45-64 -0.41 (-0.47, -0.35) <0.001 0.87 (0.74, 1.00) <0.001

65+ -0.19 (-0.23, -0.16) <0.001 0.53 (0.35,0.71) <0.001
Stratified By Gender

Male -0.58 (-0.66, -0.51) <0.001 0.68 (0.55, 0.80) <0.001

Female -0.60 (-0.66, -0.54) <0.001 0.63 (0.51, 0.73) <0.001
Stratified By Income

<$25,000 -0.09 (-0.17,-0.01) 0.030 0.70 (0.57, 0.83) <0.001

$25,000-<$50,000 -0.75 (-0.82, -0.67) <0.001 0.66 (0.52,0.79) <0.001

$50,000-<$75,000 -0.63 (-0.71, -0.56) <0.001 0.63 (0.47,0.79) <0.001

>$75,000 -0.62 (-0.68, -0.55) <0.001 0.65 (0.48, 0.82) <0.001
Stratified By Race/Ethniciy

White Only, Non-Hispanic -0.63 (-0.69, -0.57) <0.001 0.60 (0.51, 0.70) <0.001

Black Only, Non-Hispanic -0.41 (-0.64, -0.19) 0.0002 0.20 (-0.13,0.52) 0.237

Hispanic -0.65 (-0.83, -0.48) <0.001 0.58 (0.28, 0.87) 0.0001

https://doi.org/10.1371/journal.pone.0204416.t001

has five main points. First, there is an inverse relationship between cigarette taxes and smoking
prevalence; specifically, that each additional $0.25 per-pack in excise tax is associated with a
0.6% reduction in smoking prevalence. Second, an increase in cigarette excise taxes appeared
to have the greatest effect on smoking prevalence in younger adults aged 18-24, with an esti-
mated 1.5% reduction in smoking prevalence per $0.25 additional tax in this age group. Third,
increases in cigarette taxes appear to have the greatest effect on smoking prevalence in higher-
income populations, while the effect was much more muted in the lowest-income population.
Fourth, increases in excise taxes also appear to increase the reported prevalence of efforts to
quit smoking, suggesting that the decline in smoking prevalence may be a combination of dis-
couraging new smokers from starting as well as encouraging current smokers to quit or
attempt to quit. Fifth, the effect of a state-level tax increase was consistent regardless of the
state’s prior tax rate.

One particularly interesting finding is that excise taxes had the greatest effect on smoking
prevalence in the 18-24 age group, consistent with prior findings [6]. This is especially encour-
aging considering data from the National Survey on Drug Use and Health (2012), which sug-
gested that 98% of adult smokers in the United States started smoking before age 26, and that
very little initiation of cigarette smoking begins in adulthood.' Taken together, one can argue
that reducing smoking prevalence in the young-adult population, when most smokers initiate
their smoking habit, is the most effective target group to achieve and sustain reductions in
population smoking prevalence. Furthermore, if cigarette taxes have the greatest immediate
influence on smoking prevalence in the young adult population, it is possible that the full
effects of cigarette taxes on population smoking prevalence cannot by fully appreciated until
several years after the tax is implemented, and that prior cross-sectional studies of the relation-
ship between cigarette taxes and smoking prevalence have underestimated the impact of excise
taxes on long-term smoking prevalence.
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Another informative finding is that cigarette taxes seemed to have the least impact on
smoking prevalence in lower-income participants, with just a 0.09% estimated decrease in
smoking with each $0.25 increase in excise tax for the lowest-income group (<$25,000) in
comparison to 0.6-0.7% decrease per $0.25 increase for the three higher income subgroups.
Although possibly confounded by education and other unmeasured factors, this finding sug-
gests that interventions other than excise taxes may be needed to meaningfully reduce the
smoking prevalence in lower-income populations. Recent data from the Minnesota Adult
Tobacco Survey found that socially disadvantaged smokers were most likely to respond to tax
increases by adopting price-minimization behaviors (i.e. rolling their own cigarettes, buying
cheaper brands, or buying from cheaper places) without sustained cessation, which is one
potential explanation for the apparently modest effect of tax increases on smoking prevalence
in the low-SES population [19, 20]. It’s also likely that low-income individuals who attempt to
quit may not have access to therapeutic options to help them with smoking cessation, such as
nicotine-replacement products (patch, gum, lozenges, inhalers, or nasal sprays).

Interestingly, in our analyses, the effect of excise taxes on the proportion of smokers that
reported attempting to quit was consistent across all income strata, so perhaps the resistance to
tax in the low-income population is a combination of i) lack of sustained cessation in the low-
SES population that attempts to quit and ii) a greater percentage of new-onset smokers (rather
than just a lack of smoking cessation efforts) in this population. Therefore, public-health
efforts in low-SES areas should i) provide resources to low-SES smokers that express interest
in attempting cessation and ii) target young adults to prevent the onset of new smoking in the
most vulnerable and impactful population.

While the magnitude of the relationship varied across different populations, it is encourag-
ing to note that excise taxes were associated with decreased smoking prevalence and with
increased attempts to quit across all subgroups examined. Although some individual states
may have seen decreases in smoking prevalence independent of any tax increase, our modeling
suggests that when pooling data across the 50 states, those with greater tax increases tended to
experience the largest decline in smoking prevalence. Prior studies, conducted in varied popu-
lations, have suggested that excise taxes and other public health interventions are correlated
with lower population smoking prevalence [5-14], and thus our broad-spectrum findings of a
negative association between taxes and smoking prevalence are unsurprising. However, given
that most prior studies were performed using cross-sectional analyses, it is interesting to see
this confirmed by analyses of serial ecological data using a contemporary dataset from the
United States. We also acknowledge that the analyses performed here do not account for
changes in federal taxes as well as other locally-implemented sales taxes, nor do we account for
the implementation of smoking-reduction efforts in specific states other than taxes; there may
be other factors associated with decrease in smoking prevalence that we could not account for
in the analyses, such as changes in smoke-free laws [21]. A prior CDC report shows that the
number of states with comprehensive smoke-free laws (worksites, restaurants, and bars)
increased from zero on December 31, 2000 to 26 states on December 31, 2010 while many
other states introduced partial bans or restrictions. It is possible that concomitant introduction
of smoke-free laws in states that were also increasing taxes may have had an effect above and
beyond that of tax increases on smoking prevalence. Finally, we elected not to include federal
taxes as these would have been uniform across the 50 states. However, our data suggest that
given the lack of relationship between the absolute taxation rate and the effect of tax increase,
individual states have the opportunity to use state-level policy to affect smoking prevalence,
even against the backdrop of any federal policy. Finally, we were unable to model more granu-
lar changes in smoking behavior (i.e. total daily consumption or modifications in buying pat-
terns) as the BRESS ceased recording the total number of cigarettes smoked per day in 2000.
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Conclusion

Our contemporary analysis based on 15 years of recent data suggests that a $0.25 increase in
state excise tax is associated with a 0.6% decrease in population smoking prevalence, and that
the effects are especially pronounced in young adults. Cigarette excise taxes should remain a
key element of public health policy in the ongoing efforts to eradicate tobacco smoking and
thus improve population health.
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