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ABSTRACT

Introduction: Because cigarette price minimization strategies can provide substantial price reductions for individuals continu-
ing their usual smoking behaviors following federal and state cigarette excise tax increases, we examined independent price
reductions compensating for overlapping strategies. The possible availability of larger independent price reduction opportunities
in states with higher cigarette excise taxes is explored.

Methods: Regression analysis used the 2006-2007 Tobacco Use Supplement of the Current Population Survey (N = 26,826) to
explore national and state-level independent price reductions that smokers obtained from purchasing cigarettes (a) by the carton,
(b) in a state with a lower average after-tax cigarette price than in the state of residence, and (c) in “some other way,” including
online or in another country. Price reductions from these strategies are estimated jointly to compensate for known overlapping
strategies.

Results: Each strategy reduced the price of cigarettes by 64-94 cents per pack. These price reductions are 9%—22% lower
than conventionally estimated results not compensating for overlapping strategies. Price reductions vary substantially by
state. Following cigarette excise tax increases, the price reduction available from purchasing cigarettes by cartons increased.
Additionally, the price reduction from purchasing cigarettes in a state with a lower average after-tax cigarette price is positively
associated with state cigarette excise tax rates and border state cigarette excise tax rate differentials.

Conclusions: Findings from this large, nationally representative study of cigarette smokers suggest that price reductions are

larger in states with higher cigarette excise taxes, and increase as cigarette excise taxes rise.

INTRODUCTION

Raising cigarette prices, primarily through taxation, decreases
the prevalence of tobacco use (Chaloupka, 1999; Chaloupka,
Cummings, Morley, & Horan, 2002; Chaloupka & Warner,
1999; Farrelly, 2009; Frieden et al., 2005; Levy, Cummings,
& Hyland, 2000). This decrease may be a result of some
potential smokers choosing not to smoke and more successful
quit attempts among current smokers (Chaloupka et al., 2002;
Chaloupka & Warner, 1999; Frieden et al., 2005; Hyland et al.,
2005, 2006; Levy et al., 2000; Lewitt & Coate, 1982; Licht
et al., 2011; McGoldrick & Boonn, 2010). Unfortunately, not
all smokers will respond beneficially to tax increases, and some
will continue their usual smoking behaviors by either using
compensatory price minimization strategies (Choi, Hennrikus,
Forster, & St Claire, 2012; DeCicca, Kenkel, & Liu, 2010;
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Fong et al., 2006; Frieden et al., 2005; Goolsble, Lovenheim,
& Slemrod, 2010; Hyland, Higbee, Bauer, Giovino, &
Cummings, 2004; Hyland et al., 2005, 2006; Licht et al., 2011;
Pesko, Kruger, & Hyland, 2012; U.S. Department of Health
and Human Services, 2000; White, Gilpin, White, & Pierce,
2005) or paying higher prices. Use of price minimization
strategies, thus, mitigates the positive public health impact of
cigarette price increases. Such strategies include purchasing
discount or deep discount brands, utilizing price promotions
such as coupons, purchasing in cartons, purchasing from low
or untaxed sources, and purchasing roll-your-own cigarettes
(Frieden etal., 2005; Hanewinkel & Isensee, 2007; Hanewinkel,
Radden, & Rosenkranz, 2008; Hyland et al., 2005, 2006;
Kengganpanich, Termsirikulchai, & Benjakul, 2009; Licht
etal., 2011; Luk et al., 2009; Shelley, Cantrell, Moon-Howard,
Ramjohn, & VanDevanter, 2007).

© The Author 2013. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
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Recently, policies have been enacted in an attempt to
combat price minimization behavior, such as the Prevent
All Cigarette Trafficking (PACT) Act in 2010 that restricts
the delivery of cigarettes through the mail (Ribisl, Williams,
Gizlice, & Herring, 2011) or individual state agreements with
Native American reservations regarding the collection of state
excise taxes (Samuel, Ribisl, & Williams, 2012). Other recent
proposals include expanding minimum per pack price laws
(inclusive of price promotions; Centers for Disease Control
and Prevention, 2010; Feighery, Ribisl, Schleicher, Zellers,
& Wellington, 2005) and harmonizing excise taxes across
U.S. states to reduce bootlegging (Cnossen, 2006).

The prevalence of using cigarette price minimization strate-
gies has been extensively studied and has informed the policy
debate surrounding cigarette prices. However, the magnitude
of price reductions smokers may realize through price minimi-
zation strategies has been less studied.

Several studies have provided mean price comparisons
paid by smokers practicing a strategy compared with those
not practicing the same. One study found a mean in-state price
reduction resulting from buying cigarettes in cartons instead of
separate packs of $0.98 cents per pack in 2003 and $1.10 per
pack in 2006—-2007. This study also found border state cigarette
price reductions of $1.29 per pack in 2003 and $1.40 per pack
in 2006-2007 compared with in-state pack purchases (DeCicca
et al., 2010). Licht and colleagues (2011) found mean price
reductions of $1 per pack for purchases made from low/untaxed
sources, $1 per pack for discount brand cigarettes, and $1.20
per pack for carton purchases using data from the International
Tobacco Control (ITC) project. Data from Western New York
State (2002-2003) indicated that smokers could realize a price
reduction of $2.89 per pack by purchasing cigarettes on an
Indian reservation instead of a small, off-reservation tobacco
outlet (Hyland et al., 2004). An additional study completed in
California (2002) controlled for variation arising from uncon-
trolled price minimization strategies correlated with soci-
odemographic and smoking characteristics to estimate price
reductions obtained from single strategies. These price reduc-
tion estimates ranged from $0.36 to $1.01 a pack for each of
five strategies (White et al., 2005).

These studies suggest that large price reductions can be
obtained from using cigarette price minimization strategies.
However, these studies did not estimate price reductions from
individual strategies while controlling for overlapping strate-
gies. Given that individuals are likely to practice multiple
price minimization strategies concurrently (Choi et al., 2012;
Licht et al., 2011; White et al., 2005), price reductions may
be overestimated for any individual strategy if not controlling
for overlapping strategies. Independent estimates of the price
reductions, which compensate for overlapping strategies where
possible, are important to provide more accurate information
in the ongoing policy debates surrounding cigarette price mini-
mization strategies.

This study builds upon earlier methodologies by using multi-
variate regression analyses to investigate the independent price
reductions attributable to commonly used price minimization
strategies and explores how these independent price reduction
estimates are impacted by cigarette excise tax increases. We
used nationally representative cross-sectional data to provide
both national and state-level estimates of the price reductions
from purchasing cigarettes in cartons, across state borders, and
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through “other” means, such as purchases made online or in
another country.

METHODS

Data Description

The national and state representative Tobacco Use Supplement
of the Current Population Survey (TUS-CPS), sponsored by the
National Cancer Institute, is used in this analysis. The cross-
sectional data were collected in May 2006, August 2006, and
January 2007. The data contain detailed information on smok-
ing status, sociodemographic characteristics, and the number
of cigarettes smoked per day. Daily and nondaily smokers are
included. A unique feature of the data source is the ability to
use its state-level representation and large number of respond-
ents to calculate estimates for all 50 states and the District of
Columbia.

Smokers were asked “Do you USUALLY buy your cigarettes
by the pack or by the carton?” Following, smokers reported
how much they paid for the last pack or carton of cigarettes
bought (after use of discounts or coupons). Individuals stating
that they usually purchase cigarettes by the carton were asked,
“What price did you pay for the LAST CARTON of cigarettes
you bought? Please report the cost after using discounts or cou-
pons.” The total price paid for cartons was divided by 10 to
obtain per pack price information. Respondents who reported
usually purchasing both packs and cartons were only asked for
the price paid for the last pack of cigarettes purchased.

Smokers were asked “Did you buy your LAST [pack or car-
ton] of cigarettes in [respondent’s state of residence] or in some
other state?” to determine the location of their last purchase.
Possible selections were as follows: in state of residence, in
a different state, or bought some other way (Internet or other
country) as their answer.

TUS-CPS observations were excluded for respondents
younger than 18 years of age, proxy respondents, nonsmok-
ers, smokers who have not smoked during the prior 30 days,
smokers with missing daily cigarette information or price data,
smokers with cigarette purchase prices that fell below the com-
bined federal and state excise taxes at the time of purchase, and
smokers with self-reported cigarette prices that were above $8
per pack. The upper bound for cigarette prices was selected in
an attempt to normalize the distribution. After these exclusions,
the number of observations used in the analysis was 26,826.
Descriptive statistics are provided in Table 1.

Reported use (yes or no) of three cigarette price minimiza-
tion strategies was based on respondents’ last purchase of a
typical quantity: (1) usually purchasing cigarettes by the car-
ton, (2) purchasing cigarettes in a state with a lower average
after-tax cigarette price than in the state of residence, and (3)
purchasing cigarettes in “some other way,” including Internet
purchases and purchases made in other countries. Strategies 2
and 3 are mutually exclusive, but can be practiced with or with-
out strategy 1.

Tax Burden on Tobacco (TBOT) cigarette price data were
used to determine if the respondent made the purchase in a state
with a lower average price compared with their state of residence
(Orzechowski and Walker, 2011; Table 13B). This state-level
price is inclusive of generic cigarettes, state and federal excise
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Table 1. Descriptive Statistics and Ordinary Least Squares Regression Results of Price Reductions for
Cigarette Price Minimization Strategies, National Estimates (N = 26,826)

Variables Weighted means Coefficient (cents)™P 95% CI
Dependent
Price per pack $3.62
Independent
Cigarette price minimization strategy
Carton 29.33% —68%** =71, -65
Out-of-state purchase 3.52% —83kkk -91, =75
Other purchase 0.30% —OQ4sk® —128, -60
Sex
Men (ref) 53.93% 0 -
Women 46.07% -1 -3,1
Age, years
18-24 (ref) 14.90% 0 -
25-44 42.14% —Qtokk -13,-6
45-64 36.17% =2 ] -24,-17
65+ 6.79% — 17 -23,-11
Race/ethnicity
White, non-Hispanic (ref) 75.97% 0 -
Black, non-Hispanic 10.60% 2wk 17,25
Hispanic 8.67% 20#5% 15,26
Other, non-Hispanic 4.75% 10%** 5,15
Education
Less than high school (ref) 18.36% 0 -
High school degree only 39.90% 2 -1,6
More than high school 41.74% 10%** 7,13
Family income (annual)
<$25,000 (ref) 37.06% 0 -
$25,000-$49,999 22.34% ook 5,11
$50,000-$74,999 16.75% 10%** 6,13
>$74,999 15.12% 23k 19, 26
Missing data 8.73% 12%* 7,16
Employment status
Employed (ref) 68.15% 0 -
Unemployed 6.60% 0 -4,5
Students/homemaker 9.59% -3 -12,7
Other (not in labor force) 15.66% —16%** =25,-7
Work sector
White collar (ref) 34.65% 0 -
Service 24.89% —4% -7,-1
Blue collar 14.94% —4Hk -7,-1
Other 25.52% -2 -11,7
Smoking frequency
Every day smoker (ref) 82.76% 0 -
Some day smoker 17.24% 2 -2,6
Smoking intensity (number of cigarettes)
<6 cigarettes per day (ref) 19.42% 0 -
6-14 cigarettes per day 29.42% —5% -9,-1
>14 cigarettes per day 51.16% —gHE -12,-4
Constant 24 -11, 60

Note. CI = confidence interval.

In this regression, average cigarette price data were included to control for variation in cigarette prices from changing state excise
tax rates and other costs associated with transporting and selling cigarettes. State fixed effects were included to control for such
things as variation in cigarette prices from proximity to other states, Indian reservations, and county and municipal taxes. Month
fixed effects were included to control for variation associated with prices depending on month. All of these coefficients are omitted

from this table for space considerations.

®In unreported results, this model was alternatively estimated adding interaction variables between carton purchases and the other

two price minimization strategies. The coefficients on these two interaction variables provide the additional savings associated with
practicing the strategies simultaneously. The full savings were $1.59 for purchasing cartons in a state with a lower average after-tax
cigarette price and were $1.80 by purchasing cartons in some other way.

*Significant at 5% level; **Significant at 1% level; ***Significant at .1% level.
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taxes, and some local taxes. Adjustments were made to TBOT
cigarette prices for changes in state excise taxes occurring
mid-quarter. In these instances, the weighted proportion of the
increased cigarette excise tax was first removed from the TBOT
average state price for that quarter. If the interview month was
after the state excise tax increase came into effect, then the full
state excise tax increase was added back to the adjusted TBOT
price. This approach for determining the purchase of cigarettes
in a state with a lower average after-tax cigarette price was used
previously (Pesko et al., 2012).

State cigarette excise tax rates were also used (Orzechowski
and Walker, 2011; Table 6). To explore tax rate differentials across
state borders, border states were identified for each state, and the
mean cigarette excise taxes in these border states was computed.
The border state cigarette excise tax rate was subtracted from the
in-state cigarette excise tax rate to determine the differential.

Estimation
The dependent variable, cost per pack after use of any price

promotions, is estimated by the following model:

Price,, = o+ B,X

+ B,carton _purchase

+ B,smoking _intensity,, + ,TBOT,

ist
+Bsout _of _state,,

ist

+ Bgsome _other _way,, +7v,+7, +¢&,

The subscript i refers to the individual, s to the state, and ¢
to the month that the survey was conducted. X, represents
demographic controls and includes indicator variables for the
following: sex, age (18-24, 25-44, 45-64, and =65), race/
ethnicity (White non-Hispanic, Black non-Hispanic, Hispanic,
and other non-Hispanic), education (less than high school, high
school only, and more than high school), employment status
(employed, unemployed, student or homemaker, and other
nonlabor force), work sector (white collar, blue collar, ser-
vice, other), and family income (<$24,999, $25,000-$49,999,
$50,000-$74,999, >$75,000, and missing). The matrix smok-
ing_intensity,,, includes indicator variables for daily smoking
status (daily vs. some days over past 30 days), and for num-
ber of cigarettes smoked on smoking days (<6 cigarettes,
6-14 cigarettes, and >14 cigarettes). State fixed effects, v,
are included to further control for accessibility of Indian res-
ervation purchases, and other state-varying characteristics such
as antismoking sentiment. Survey month fixed effects, vy,, are
included to control for seasonal variation in the use of explored
price minimization strategies. Finally, TBOT cigarette price
data were included to control for different cigarette prices
within states and cigarette price differences between states.

Indicator variables are constructed for use of the three ciga-
rette price minimization strategies (carton_purchase;;,, some_
other_way,,, and out_of_state;;,). These variables are included
in multivariate regression analysis jointly in the regular speci-
fication, but also as standalone variables in a sensitivity analy-
sis specification. Including the three independent variables in
the same model (i.e., joint estimation) yields estimates of the
independent price reductions produced by each strategy after
controlling for the simultaneous use of strategies.

Ordinary least squares (OLS) regression analysis is used to
estimate the model. Statistically significant negative coefficients
for the price minimization strategies suggest that individuals
practicing these strategies are reducing prices by the amounts
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given by the coefficients (in cents) compared with the reference
group. Sociodemographic and smoking characteristic variables
are included in this model to help control for additional savings
from uncontrolled price minimization strategies and reporting
bias. Uncontrolled strategies are thought to include (a) purchas-
ing discount or deep discount cigarettes, (b) using coupons or
other price promotions, and (c) purchasing cigarettes from no-
or low-tax sources besides other states or countries.

This study also explores the impact of cigarette excise tax
increases on independent price reductions from price mini-
mization strategies. This analysis takes advantage of various
cigarette excise tax increases occurring between the three
TUS-CPS waves. Between the first wave (May 2006) and the
second wave (August 20006), cigarette excise taxes increased
in Vermont ($0.60), Alaska ($0.20), New Jersey ($0.175), and
North Carolina ($0.05). Between the second wave (August
2006) and the third wave (January 2007), cigarette excise taxes
increased in South Dakota ($1.00), Texas ($1.00), Arizona
($0.82), and Hawaii ($0.20). For this analysis, the estimation
equation is similar to that used in Table 1, except that the TBOT
state cigarette price is replaced with the cigarette excise tax
increase, ranging from $0.05 to $1.00 for these eight states.
For all other states, the cigarette excise tax increase is zero,
indicating no tax increase occurred during this time period. An
interaction between this cigarette excise tax variable and use of
price minimization strategies investigates whether independent
price reductions changed as a result of cigarette excise taxes.

The state representativeness of the TUS-CPS was used to
compute state-level estimates of independent price reductions
from the known cigarette price minimization strategies. First,
interaction terms were added to the base model between the
three cigarette price minimization strategies and all state fixed
effects. Joint Wald F-statistics were computed to test the null
hypothesis that state-level estimates of the three strategies are
not differentiable from national estimates. The null hypothesis
was rejected for all three strategies (all p <.001), suggesting that
computing state-level estimates of the price reductions for all
three strategies jointly is appropriate at the state level. However,
out of concern for limited sample size at the state level, these
results were only reported for states where at least 30 respond-
ents practiced the respective strategy. State-level results are
reported for all states and the District of Columbia for carton
purchases, but are only reported for 15 states and the District
of Columbia for purchasing cigarettes in a state with a lower
average after-tax cigarette price. Due to insufficient sample
sizes, state-level results are not reported for the third strategy
of interest, purchasing cigarettes in “some other way’” although
this strategy remains controlled for to obtain independent price
reduction estimates for the other reported strategies.

All analyses were completed using SAS version 9.3.
National population estimates were based on the CPS sample
weights for self-report interviews. Final weights were adjusted
with replicate weights provided by the National Cancer
Institute with a balanced repeated replication and Fay’s adjust-
ment factor of 0.5 (Behm, Kabir, Connolly, & Alpert, 2012).

RESULTS

Table 1 provides full OLS regression results. The average cost
per pack was $3.62 from May 2006 to January 2007. The
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independent price reductions (per pack) obtained from cigarette
price minimization strategies were $0.68 for purchasing ciga-
rettes in cartons, $0.83 for purchasing cigarettes in a state with
a lower average after-tax cigarette price, and $0.94 for purchas-
ing cigarettes in some other way, such as over the Internet or in
another country. These independent price reductions represent
an 18.8%, 23.0%, and 26.0% reduction from the average cost
per pack for each of these strategies, respectively (all p <.001).

Combining multiple strategies may yield additional price
reductions. The additive properties of OLS suggest reductions
of $1.51 per pack ($0.68 + $0.83) by purchasing cartons in a
state with a lower average after-tax cigarette price, and $1.62
per pack ($0.68 + $0.94) by purchasing cartons in some other
way (online or in another country). In unreported results, inter-
action variables between carton purchases and the other two
price minimization strategies were added to the previously
estimated model. Results from the interaction model suggest
higher but similar reductions of $1.59 by purchasing cartons
in a state with a lower average cigarette price and $1.80 by
purchasing cartons in some other way.

The coefficients on sociodemographic characteristics in
Table 1 provide evidence of population subgroups that may
be practicing uncontrolled price minimization strategies more
frequently. After simultaneously adjusting for the known price
minimizing strategies above, sociodemographic variables that
were associated with other price reductions included being
older, White, lower educated, and lower income earning.
Compared with young adults aged 18-24, individuals aged
25-44 reported saving 9 cents per pack, individuals aged 45-64
reported saving 21 cents per pack, and individuals 65 and older
reported saving 17 cents per pack (all p < .001). Whites experi-
enced other price reductions of 21 cents compared with Blacks,
20 cents compared with Hispanics, and 10 cents compared with
other races (all p < .001). The lowest income individuals real-
ized other price reductions of 23 cents per pack compared with
those with a family income of $75,000 or more (p < .001).
Additionally, individuals that smoke more than 14 cigarettes
daily realized other price reductions of 8 cents compared with
those smoking less than 6 cigarettes daily (p < .001).

As hypothesized, the independent price reductions from
each of these strategies is smaller than the price reductions
estimated if each strategy is investigated separately, likely
due to individuals practicing overlapping strategies (Table 2).
Separately estimating price minimization strategies for carton
purchases, out-of-state purchases, and other purchases suggests

“per pack” reductions of $0.75 by purchasing cigarettes in car-
tons, $1.06 by purchasing in a state with a lower average after-
tax cigarette price, and $1.20 by purchasing cigarettes some
other way (all p <.001). The independent price reduction esti-
mates obtained in the model in which all three strategies are
included jointly are 9% (p < .001), 22% (p < .001), and 22%
lower than these estimates, respectively.

Sensitivity analysis was conducted by not including smok-
ing intensity in the national model of independent price reduc-
tions. Results showed an insignificant change in the coefficients
for independent price reductions of at most 2 cents, suggesting
that potential endogeneity between smoking intensity and cost
per pack is not influencing the results. Additionally, sensitivity
analysis was conducted by removing the TBOT cigarette price
variable from the regression analysis. Price reduction estimates
for each price minimization strategy were not statistically dif-
ferent from the standard independent price reduction estimates,
suggesting little impact of controlling for different cigarette
prices within states and cigarette price differences between
states.

Table 3 provides evidence that the eight cigarette excise tax
increases occurring during the survey period increased price
reduction savings. The results suggest that the increases in
cigarette excise taxes had a 97% (p < .001) pass-through rate
to cigarette prices in these states, which is slightly higher than
a 90% pass-through rate found in a recent study using similar
controls (Harding, Leibtag, & Lovenheim, 2012; Table 2, col-
umn 4). The independent price reduction estimates for the three
strategies are not statistically different from those presented
in Table 1. Finally, the interaction of the cigarette excise tax
increase and the independent price reduction estimate suggests
that the market reacted to eight cigarette excise tax increases
by creating larger price reduction opportunities of between
$0.17 and $0.44 for each of the three strategies although only
the $0.17 increase in the price reduction from purchasing ciga-
rettes by the carton was statistically significant. These results
suggest that while cigarette excise tax increases are effective
in raising the price of cigarettes (97% pass-through), the full
increase in prices may be avoided by the increases in price
reductions due to price minimization strategies.

State-Level Estimation Results

State-level independent price reduction estimates from car-
ton purchasing and purchasing cigarettes from a state with a

Table 2. Comparison of Joint (i.e., Independent) and Separate Ordinary Least Squares Regression Estimates of

Per Pack Price Reductions

Separate model (non-independent effects)?

Joint model (independent effects)™P

Cigarette price

minimization strategy Coefficient 95% C1 Coefficient 95% CI Percent change®
Carton purchase =75k (=78, =72) — 68k (=71, -65) —9%%***
Out-of-state purchase —106%** (=115, -98) —83HHk (=91, =75) —229%%**
Other purchase —120%** (-160, —80) —O4wsksk (-128, -60) —22%

Note. CI = confidence interval

2All models (joint and separate) were adjusted for sociodemographic characteristics, smoking characteristics, state fixed effects,

survey month fixed effects, and average cigarette prices.
Data also presented in Table 1.

¢Calculated as ((Coefficient [joint model] — coefficient [separate model]) / (coefficient [separate model])) x 100%.

**%Significant at .1% level.
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Table 3. Ordinary Least Squares Regression Results of Cigarette Excise Tax Increases and Per Pack Price

Reductions

Variables

Coefficient (cents)? 95% CI coefficient (cents)

Dependent
Price per pack
Independent
State cigarette excise tax increase
Cigarette price minimization strategy
Carton
Out-of-state purchase
Other purchase
Interaction variables
Carton x state cigarette excise tax increase
Out-of-state purchase x state cigarette excise tax increase
Other purchase X state cigarette excise tax increase

0.97%%#% 0.87, 1.08
—68# % =71, -65
) e -89, -73
—8Ok sk -129, —-49
—-17* -33, -1
—44 -97, 10
-32 —-103, 38

Note. CI = confidence interval.

2All independent variables used in Table 1, with the exception of state price, are also controlled for in this regression. All of these

coefficients are omitted from this table for space considerations.

*Significant at 5% level; ***significant at .1% level.

lower average after-tax cigarette price are reported for all states
for carton purchasing and 16 states (including the District of
Columbia) for the strategy of purchasing cigarettes in a state
with a lower average after-tax cigarette price (all p < .05;
Table 4). Residents of at least four states may have access
to carton sources that provide independent price reductions
of greater than $1 per pack, including New York ($1.35),
Washington ($1.11), Oklahoma ($1.08), and Massachusetts
($1.02). Residents from Indiana reported the lowest independ-
ent price reductions from carton purchases ($0.19).
Coefficients on out-of-state purchases ranged from $0.33 to
$1.90. The states with the largest potential out-of-state price
reductions include New Jersey ($1.90), Washington ($1.44),
and Maine ($1.30). Washington is unique in that it is the only
state having price reduction estimates for both cheaper out-of-
state purchases and carton purchases greater than $1 per pack,
with suggested price reduction for Washington residents prac-
ticing both strategies simultaneously being $2.55 per pack.
Associations between state-level price reduction estimates
and cigarette excise taxes were investigated (Table 5). As
expected, smokers in states with higher cigarette excise taxes
obtained larger price reductions (lower prices) for purchasing
out of state compared with smokers residing in lower cigarette
excise tax states. Additionally, the difference between in-state
cigarette excise taxes and the average of the cigarette excise
taxes in border states was associated with larger price reduc-
tions (lower prices) for out-of-state purchases. The analysis
suggests that the presence of $1 in cigarette excise taxes is
associated with state-level price reduction opportunity of $1.27
by purchasing out-of-state. While associations between the
price reduction strategy of carton purchasing and state-level
cigarette excise tax rates had the same negative sign (suggest-
ing lower prices from the strategy with higher cigarette excise
taxes), these associations were not statistically significant.

DISCUSSION

This article describes the potential price reductions smok-
ers obtained from using three important price minimization

strategies. In addition, this article highlights the importance
of controlling for overlapping price minimization strategies
to avoid over-predicting price reductions that smokers may
obtain by using multiple strategies simultaneously. However,
even after controlling for such overlap, large independent price
reductions were still observed—3$0.68 due to purchasing ciga-
rettes by the carton, $0.83 due to purchasing cigarettes out of
state, and $0.94 due to purchasing cigarettes in “some other
way.” State-level analysis suggests independent price reduc-
tions vary substantially by state and are higher in states with
higher cigarette excise taxes.

Unexplored price minimization strategies, such as the use
of discount or deep discount cigarettes, may be responsible for
the variation in average cigarette prices among subgroups after
controlling for known strategies. For example, older individu-
als reported paying, on average, between 9 and 21 cents less
per pack compared with younger individuals, likely explained
by the fact that younger individuals may be more likely to
purchase major brand cigarettes rather than discount brands
(O’Connor, 2005). Similarly, individuals of low socioeconomic
status (both low education attainment and low income) appear
more likely to practice some uncontrolled price minimization
strategies, which may include purchasing discount or deep dis-
count cigarettes. This finding helps to rectify a discrepancy in
the literature regarding if low socioeconomic status individuals
practice cigarette price minimization strategies less frequently
(Pesko et al., 2012) or more frequently than high socioeco-
nomic status individuals (Choi et al., 2012; Licht et al., 2011).
Including usage of discounted cigarettes is important in future
research that analyzes the use of cigarette price minimization
strategies by age or socioeconomic status.

This research found that the size of independent price
reductions was responsive to changes in cigarette excise taxes
across time and in cigarette excise tax differences across states.
Following cigarette excise tax increases, the price reduction
available from purchasing cigarettes by cartons increased.
Additionally, the price reduction from purchasing cigarettes
in a state with a lower average after-tax cigarette price is
positively associated with state cigarette excise tax rates and
border state cigarette excise tax rate differentials. This finding
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highlights the diluting impact of cigarette price minimization
strategies in raising the price of cigarettes through cigarette
excise taxes.

There are three primary limitations of this article. The first is
that the TUS-CPS does not collect information on other impor-
tant price minimization strategies that may also reveal large price
reductions. However, all three of the strategies used in these data
are noteworthy for their ability to provide smokers with substan-
tial price reduction outlets. Future surveys on tobacco use should
collect information on all strategies used by smokers, including
purchasing discount or deep discount brands, using price promo-
tions such as coupons, purchasing in cartons, and purchasing
from low or untaxed sources (e.g., black market, out of state,
Indian reservations) in order to comprehensively track changes
in price reductions and prevalence of price minimization strate-
gies over time or correlating use of these strategies with cessation.

Second, the data used to obtain these estimates were col-
lected in 2006-2007. Therefore, the price reduction estimates
presented here should be interpreted cautiously as tobacco

control policies, among other factors, have changed from
the time of these data collection. Additionally, these data
are based on self-report and may be subject to recall error or
response biases.

Finally, our reported price per unit of tobacco does not
include additional costs associated with obtaining the tobacco
products, such as those associated with transportation. These
may be particularly important for Indian reservation or out-
of-state purchases as smokers using these strategies may seek
higher price differentials to recover these additional costs.
However, measurement of these additional costs would not be
practical or feasible in a large-scale population-based study
such as the TUS-CPS.

Policy makers and public health officials should monitor not
just the prevalence of cigarette price minimization strategies,
but also the independent price reduction that the strategies pro-
vide. To encourage smoking prevention and cessation, policies
should be promoted to reduce opportunities to minimize the
price of cigarettes. This research in particular notes the benefit

Table 4. Ordinary Least Squares Regression Results of Price Reductions for Cigarette Price Minimization

Strategies, State Estimates

Average Average cigarette Carton Out-of-state
cigarette excise ~ excise tax rate in coefficient purchase coefficient
Statebd tax rate border states (cents) 95% CI (cents)® 95% CI
Dependent variable:
Price per pack
United States® 91 87 —68%** =71, -65 —83k* -91, =75
Alabama 43 30 —45%* -61,-30
Alaska 173 ) -79,-23
Arizona 148 85 —Q3kk —-114,-71
Arkansas 59 51 =54k —-68, -39 —3 3k —49, -18
California 87 125 —8 ek -90, =71
Colorado 84 104 —62% %% -75,-49
Connecticut 151 155 —4 Q%% -62, -21
Delaware 55 158 -52%H% —64, -40
District of Columbia 100 60 —7 2% —-104, -39 —70%** -91, -48
Florida 34 39 —76%%* —87, -65
Georgia 37 29 —60%** -72,-48
Hawaii 147 —89k* —-115, -64
Idaho 57 141 —63HH* -80, —45
Ilinois 98 43 —89sk —-110, —68 —70%%* 95, —46
Indiana 56 121 —19% -35,-3
Towa 34 82 —617%%* 76, —46
Kansas 79 60 —O8*** -81, =54
Kentucky 30 68 —63%** =75,-50
Louisiana 36 64 =54k =71, -36
Maine 200 80 —69#** -86, -52 —130%** —-152,-108
Maryland 100 93 —65%** =77, -53 —55%** =70, —40
Massachusetts 151 151 —102%** -132,-72
Michigan 200 93 =57 =71, -43 —126%** —-155,-97
Minnesota 149 62 —4Qkk* —-68, =31 —68%** -102, =35
Mississippi 18 36 —45%%* -68, —23
Missouri 17 63 —69*** =79, -58
Montana 170 62 =38k -55,-21
Nebraska 64 48 —49%x —65, -32 —34%% -58,-9
Nevada 80 99 —89** -106, =71
New Hampshire 80 162 —66%** =79, -53
New Jersey 254 141 —45%% -72,-18 —190%** -230, -150
New Mexico 91 89 —9@*H* -121, =70
(Continued)
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Table 4. Continued
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Average Average cigarette Carton Out-of-state
cigarette excise ~ excise tax rate in coefficient purchase coefficient

Statebd tax rate border states (cents) 95% CI (cents)® 95% CI
New York 150 166 —135%%* -166, —105 —96%** —-130, -62
North Carolina 33 25 =72k -85, -59

North Dakota 44 144 —60%** —74, -46

Ohio 125 112 =25k -35,-16 —Q7H** -110, -83
Oklahoma 103 63 —108*** —-125,-91

Oregon 118 108 —4 9k —-60, -37

Pennsylvania 135 144 —4 5% -57,-33 —87H** -107, 67
Rhode Island 246 151 =57 =79, =35 el —-113, -68
South Carolina 7 35 —O 7% % =79, =54

South Dakota 86 96 =59k —73, -46 —63#%* -89, =37
Tennessee 20 33 —55%%kx =70, =40

Texas 72 69 —7 5% -87,-62

Utah 69 104 —667%* —83, -48

Vermont 159 146 —86%** —-104, -67 —QQskk* -120, =78
Virginia 30 42 —68%** —-82, -54

Washington 203 103 — 111 -130, -91 — 1445 -172,-117
West Virginia 55 97 =34k —48,-19

‘Wisconsin 77 132 =Dk —44, -12

Wyoming 60 83 —67F%* =79, =56

Note. CI = confidence interval.

aNational cigarette excise tax rates are those experienced by smokers.
PEach line shows estimates obtained from different state-level regressions.
“Only estimates from states with more than 30 observations for the price minimization strategy of purchasing cigarettes in a state

with a lower average after-tax cigarette price are reported.

dAverage cigarette price data were included in regressions to control for variation in cigarette prices from changes at the state level.
Month fixed effects were included to control for variation associated with prices depending on month. All other previously used
cigarette price minimization strategies, sociodemographic characteristics, and smoking characteristics are also controlled for.
*Significant at 5% level; **significant at 1% level; ***significant at .1% level.

Table 5. Univariate Associations Between Cigarette Excise Tax Rates and State-Level Price Reduction

Estimates

Dependent variables

Carton price reduction estimate

Out-of-state price reduction estimate

Coefficient 95% CI N Coefficient 95% CI N
In-state average cigarette excise tax rate -0.07 (-0.44, 0.59) 49 —1.27%%% (-1.70, -0.85) 16
Difference between in-state and border -0.23 (-0.69, 0.23) 51 —0.78%* (-1.30, -0.25) 16

state average cigarette excise tax rates

Note. CI = confidence interval.
**Significant at 1% level; ***significant at .1% level.

of harmonizing excise taxes to reduce the opportunity of indi-
viduals to purchase cheaper cigarettes out of state. Other policy
options include expanding minimum per pack price laws (inclu-
sive of price promotions) and expanding state-level negotiations
with Indian reservations for collecting state excise taxes.
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