
Smoking initiation among youth: The role of cigarette excise
taxes and prices by race/ethnicity and gender

James M. Nonnemakera and Matthew Farrellya

a RTI International, 3040 Cornwallis Road, Research Triangle Park, NC 27709

Abstract
Existing evidence for the role of cigarette excise taxes and prices as significant determinants of
youth smoking initiation is mixed. A few studies have considered the possibility that the impact of
cigarette taxes and prices might differ by gender or race/ethnicity. In this paper, we address the
role of cigarette taxes and prices on youth smoking initiation using the National Longitudinal
Survey of Youth 1997 cohort and discrete-time survival methods. We present results overall and
by gender, race/ethnicity, and gender by race/ethnicity. We examine initiation over the age range
during which youth are most at risk of initiation and over a period in which substantial changes
have occurred in tax and price. The result for cigarette excise taxes is small and mixed across
alternative specifications, with the effect strongest for black youth. Cigarette prices are more
consistently a significant determinant of youth smoking initiation, especially for black youth.
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1. Introduction
Adolescent smoking is of particular interest from both a research and a policy perspective
because smoking initiation and early smoking habits are known to have important
implications for lifetime smoking. More than 90% of adult smokers started smoking as teens
or younger. Few people in their 20s or older choose to start smoking (USDHHS, 1994;
Glynn et al., 1993; IOM, 1994). The earlier in life a youth tries a cigarette, the more likely
he or she is to become a regular smoker or daily smoker, translating into a greater incidence
of negative health effects (IOM, 1994; Lewit et al., 1981). Less than half (46%) of youth
who initiate smoking in the 11th grade become regular adult smokers, whereas 67% of youth
who initiate smoking in the 6th grade become regular smokers (IOM, 1994). Gruber and
Zinman (2001) find that there is an important intertemporal correlation in the decision to
smoke. They estimate that between 25% and 50% of the increase in youth smoking seen in
the 1990s will persist into adulthood, which will result in an estimated long-run cost to the
United States of at least 1.6 million life-years lost.
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Throughout most of the 1990s, youth smoking rates increased despite attempts to reduce
them. Nationally, from 1988 to 1996, the incidence of first use of cigarettes increased by
30% and the incidence of daily use increased by 50% among youth aged 12 to 17. From the
late 1990s to approximately 2004, youth smoking rates declined, although recent evidence
suggests that this decline has slowed or stopped (Johnston et al., 2005). Despite the declines,
a significant number of adolescents continue to experiment with cigarette smoking, and
significant numbers of youth continue to smoke on a regular basis. According to the 2007
Monitoring the Future (MTF) survey, 7.2% of 10th grade students and 12.3% of 12th grade
students were daily smokers. Also, 2.7% of 10th grade students and 5.7% of 12th grade
students smoked half a pack or more of cigarettes per day (Johnston et al., 2008).

Smoking rates differ by gender and race/ethnicity. Youth Risk Behavior Survey (YRBS)
data from 2009 show gender differences for smoking initiation: male students (11.8%) were
significantly more likely than female students (9.4%) to have smoked a whole cigarette
before age 13. This gender difference held for each racial/ethnic group as well. Similarly,
Hispanic and white students were more likely than black students to have smoked a whole
cigarette before age 13 (12.6%, 10.3%, and 9.1%, respectively) (CDC, 2010). In terms of
any current cigarette use (past 30 days), male students (19.8%) were more likely to report
use than female students (19.1%), although the difference was not statistically significant.
This difference was true for each racial/ethnic group as well, although the difference was
only significant for black students. The prevalence of any current use was higher among
white students (22.5%) than Hispanics (18.0%) and blacks (9.5%). Hispanic students
(51.0%) had higher rates of ever having tried a cigarette compared with white (46.1%) and
black (43.5%) students. White students (9.5%) had higher rates of frequent smoking than
Hispanic (4.2%) and black (2.1%) students. Males (8%) had higher frequent smoking rates
than females (6.4%), although this difference is not significant. Within the racial/ethnic
subgroups, Hispanic and black males smoked frequently at higher rates than females, but
this was not true for white students (CDC, 2010). In terms of quitting, females (54.2%) were
more likely than males (48.0%) to report ever having tried to quit. White students (49.9%)
were more likely than Hispanic (53.3%) and black (45.2%) students to report ever having
tried to quit (CDC, 2010).

From 1991 through 1997, the prevalence of current cigarette smoking increased 80% among
black high school students, 34% among Hispanic high school students, and 28% among
white high school students. For blacks and Hispanics (blacks especially), this reverses the
trend over the period from 1978 through 1995. From 1997 through 2007, the prevalence of
current cigarette smoking declined among all high school students, with the greatest decline
among female Hispanic students (54.8%) and the lowest among white male students
(39.9%). While current cigarette consumption prevalence for black male students declined
by 47.2% between 1997 and 2007, this rate declined by only 8.6% from 2001 through 2007.
In addition, the smoking prevalence rate among black male students actually increased by
18.4% in 2003 and 6.4% in 2007 (versus the previous report 2 years prior). The fact that the
decline in current cigarette consumption rates among black male students slowed, and
actually reversed in two reporting years, is a disturbing recent development that warrants
attention (CDC, 2008b).

A number of studies have found that cigarette excise taxes and prices have an effect on the
prevalence and intensity of smoking among youth (Carpenter and Cook, 2008; Taurus et al.,
2005). A number of studies have considered that price responsiveness might vary by
characteristics of the youth. For example, Gruber and Zinman (2001) found that older teens
are sensitive to price whereas younger teens are not. Emery et al. (2001) found that price
was not an important factor in predicting the probability that a respondent was an
experimental smoker but was a significant predictor of established smoking. Liang and
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Chaloupka (2002) found that higher cigarette prices have an increasing effect as an
adolescent’s level of cigarette consumption increases. These studies are consistent with
evidence that adolescents experimenting with smoking do not always buy their own
cigarettes but rather obtain them from social sources such as friends (e.g., Emery et al.,
1999). If youth are not purchasing their own cigarettes when experimenting with smoking
(initiating), then cigarette price may not be a salient factor.

However, not all studies have shown that cigarette taxes or prices affect adolescents who
smoke more often or more intensely. Harris and Chan (1999) found that cigarette price
varies inversely with age and that among 15- to 17-year-olds the effect of price on smoking
some days (i.e., for experimenters) was significantly higher than the effect on smoking every
day.

In recent years, researchers have begun to assess the effect of taxes and prices on smoking
initiation with mixed results. Douglas and Hariharan (1994) and Douglas (1998) used
survival methods to investigate smoking initiation and found no significant price effect.
Forster and Jones (2001) and Nicolas (2002) also used survival methods and found a
significant effect of tax and price on smoking initiation; however, the magnitude of these
effects is relatively small. A recent series of studies by DeCicca et al. (2002, 2008, 2009),
using data from the National Education Longitudinal Survey(s) (NELS), has called into the
question evidence for the impact of tax and price on youth smoking. DeCicca et al. used a
number of different methods and introduced a measure of state antismoking sentiment as a
control for factors likely to affect taxes and youth smoking initiation. DeCicca et al.’s
empirical methods included a discrete-time hazard model to focus on smoking initiation, and
they found no significant impact of the cigarette excise tax on smoking initiation. In the
2002 study, they controlled for state unobserved heterogeneity using state fixed effects,
which eliminated any effect of state excise tax on smoking initiation. In later studies (2008
(2009), they included a measure of state antismoking sentiment to better control for state
factors associated with smoking sentiment in each state. In these later studies, DeCicca et al.
appear to have defined initiation as going from a nonsmoker in 1992 to a smoker in 2000
using the 2000 tax rate in each state as the policy variable of interest. Once again, they did
not find evidence that the tax had an effect on youth smoking.

The impact of price and tobacco control policies also appears to differ by gender and race/
ethnicity (see Chaloupka and Pacula, 1999). Chaloupka and Pacula find that significant
differences in price responsiveness and sensitivity to tobacco control policies exist by both
gender and race/ethnicity. They found that men are much more price responsive than women
—the participation elasticity for men being nearly twice as large as that for women—and the
smoking rates of young black men are more responsive to price than young white men.
Gruber and Zinman (2001) also found that among older teens, blacks were more responsive
to price/tax than whites. DeCicca et al. (2000) used data from NELS to examine racial/
ethnic differences in the onset of smoking and found some support that higher cigarette
prices will reduce smoking among Hispanic and black youth but not among white youth.
Cawley et al. (2004) used the NLSY97 to examine the factors, including cigarette prices, on
smoking initiation among youth and in particular focused on gender differences. They found
that males were more price sensitive than females.

2. Methods
2.1 Data

The primary data set for this analysis is the National Longitudinal Survey of Youth 1997
cohort (NLSY97). NLSY97 is a nationally representative cross-sectional sample of 8,984
adolescents aged 12 to 17 at baseline (NLSY, 2003). NLSY97 is designed to track a youth’s
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transition from school (adolescence) to the labor market (adulthood) through annual surveys
starting in 1997. Survey respondents were between 22 and 26 years old in the ninth wave of
the survey, the last round of data used in this analysis. The survey sample includes multiple
respondents from the same household in cases where multiple youth per household met age
restrictions at baseline. Data from rounds 1 through 9 (1997–2006) of the NLSY97 were
used in the analyses.

2.2 Measures
2.2.1 Defining event indicator for initiation to smoking from never smoking—
The outcome of interest is an event indicator that indicates whether initiation has taken
place. Initiation is defined as a transition from being a never smoker to an ever smoker. At
the baseline survey, all respondents were asked, “Have you ever smoked a cigarette?” and, if
yes, “How old were you when you smoked your first cigarette?” Responses to these
questions were used to determine that initiation had taken place and the age at which
initiation had taken place for those who initiated at or before baseline. Once a respondent
had valid responses to these questions, we used the question “Have you smoked a cigarette
since the last interview…?” in subsequent waves for those who initiate post baseline. For
these respondents, the age of initiation was based on their age at the time of the survey wave
in which they first reported smoking. An exception to this algorithm for coding the event
indicator occurred for those respondents with missing data on the smoking status questions
in some waves of the survey. For these respondents, we coded the event as occurring at the
midpoint of the period of missing data if the respondent entered the period of missing data
as never smoking but reported smoking in the first period after the missing data. For
instance, if a respondent was a never smoker in wave 2, had missing data for waves 3
through 7, and reported smoking in wave 8, we coded the event as occurring in wave 5.
However, if this respondent did not report smoking in wave 8, we coded waves 3 through 7
as not having initiated smoking. The year of smoking initiation was set at the midpoint of
the period of missing data for 819 cases.

2.2.2 State and federal cigarette excise taxes—Measures of cigarette taxes are
available from Orzechowski and Walker’s The Tax Burden on Tobacco (2006). We added
the federal cigarette excise tax rate to the state tax rates to create total state-level cigarette
taxes. All tax rates were adjusted for inflation and represent 2006 dollars. The tax data were
linked to the NLSY data by year and state of residence. Local tax rates for New York City
and Cook County, Illinois, were included in several alternate model specifications.

2.2.3 Cigarette prices—Measures of cigarette pack prices are available from
Orzechowski and Walker’s The Tax Burden on Tobacco (2006). These prices represent the
average price per pack of cigarettes weighted by pack sales for each state. Weighted
cigarette prices are also adjusted for inflation and represent 2006 dollars.

2.2.4 Sociodemographic and other control variables—All of the models included
age indicators, the number of residents in the household, the educational level achieved by
the resident parents at baseline, whether living with both biological parents at baseline, an
indicator for the Master Settlement Agreement (MSA), perceived smoking prevalence at
baseline, and region indicators. In the overall model, gender and race/ethnicity (indicators
for black, Hispanic, and other races) variables were included. These variables were used to
create subpopulations for stratified analyses and included in stratified model specifications
as appropriate (include gender when stratifying by race/ethnicity and race/ethnicity when
stratifying by gender).
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The models also controlled for baseline smoking prevalence by state using the Behavioral
Risk Factor Surveillance System (BRFSS), a state-based telephone survey of over 350,000
adults in all 50 states (CDC, 2009). We used the adult smoking prevalence in the state as a
proxy for smoking sentiment in the state (i.e., states with the highest adult smoking
prevalence would also have the lowest antismoking sentiment). Alternate model
specifications used a measure of state antismoking sentiment (SASS) instead of smoking
prevalence at baseline. SASS was developed by DeCicca and colleagues (2008) to account
for potential state-level confounders between youth smoking, cigarette taxes and price, and
state-level attitudes toward smoking. SASS is derived from several indicators taken from the
Tobacco Use Supplements of the Current Population Survey and NELS. A detailed
description of the derivation and validation of the SASS measure is available elsewhere
(DeCicca et al., 2008). We found our measure(s) of adult smoking prevalence in the state to
be highly correlated with DeCicca et al.’s SASS measure (correlation coefficient = −.88).

In some of our models, we included a state-level measure of tobacco control investments
that is based on federal and state government sources (CDC, 2001, 2002) and supplemented
by data from state programs (Farrelly et al., 2003; CDC, 2008a). Funding from
nongovernment and federal sources reflects appropriations, whereas funding from state
sources is generally a mixture of appropriations and expenditures. These data are available
from 1985 through 2006. We used yearly cumulative tobacco control funding adjusted to
2006 dollars using the Consumer Price Index and discounted at 25% in our analyses.
Although tobacco control funding is an important policy variable, we focused on cigarette
taxes and prices. Thus, we include this measure in some models as a time-varying covariate.

2.3 Empirical Model and Statistical Analysis
Our empirical model can be motivated by considering a latent variable model of smoking,
such as the one presented in DeCicca et al. (2009). This model suggests a discrete-time
empirical model with the relevant tax/price variable being the tax/price contemporaneous to
the initiation event.

To estimate a discrete-time model of smoking initiation, we created a person-period data set
based on the age at which each youth initiated smoking. Youth remained in the analytic
sample as long as they remained at risk for initiating smoking. Once an individual
experienced the “event” (i.e., ever use of cigarettes), that person was dropped from
subsequent time periods, allowing us to calculate the probability that an individual will
initiate smoking given that he or she has not smoked in a previous time period.

We present results for state cigarette excise taxes and prices (estimated separately). DeCicca
et al. (2008) and Gruber and Zinman (2001) argued that state excise taxes are a better
measure of the cost of cigarettes than the state price of cigarettes. In contrast, Chou et al.
(2006) argued the opposite. Given this debate, we feel it is worth reporting both tax and
price results.

The discrete-time empirical model also allows us several options for controlling for state
factors that might influence smoking initiation and state excise taxes (and cigarette prices).
Using this empirical model, we can include both time invariant and time-varying state
factors. For example, we estimate alternative specifications that include the adult smoking
prevalence in 1997, the adult smoking prevalence as a time-varying covariate, DeCicca et
al.’s SASS measure (entered as the average value for the years for which we have the
measure), and state fixed effects. We also have data on state tobacco control funding, which
we enter as a time-varying covariate.
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The main results we present in this paper are estimated using the following model
specification:

hazard of smoking initiation = f(age dummies, tax or price, region dummies, state
smoking prevalence in 1997, number of residents in the household, educational
level achieved by the resident parents at baseline, whether living with both
biological parents at baseline, an indicator for the Master Settlement Agreement,
perceived smoking prevalence at baseline)

The hazard was modeled using the logit command in Stata with robust standard errors and
clustered by state.

In addition to the above model specification, we estimated a number of alternative
specifications: using adult smoking prevalence averaged over the years for which each state
has data in the BRFSS to replace the BRFSS adult smoking prevalence at baseline measure;
using SASS instead of the BRFSS adult smoking prevalence—an average SASS measure
(1991–2005) and SASS at baseline (1997–1998) were modeled separately; including state
fixed effects as a proxy for SASS; and using baseline weights. We do not present results
from these alternative specifications in the main body of the paper but do discuss the extent
to which our findings are robust to these alternative specifications. In addition, these results
are presented in an on-line appendix of supplemental materials.

3. Results
3.1 Descriptive Statistics

Descriptive statistics of our sample are presented in Table 1. Youth in the NLSY97 cohort
were between the ages of 12 and 17 at baseline with a mean age of 14.5. Youth who had
experimented with smoking were, on average, also 14.5 years old, indicating that the
majority of youth who experimented with cigarettes did so at or before baseline. Overall,
almost three-quarters (70%) of youth had experimented with smoking at some time during
the study period (1986–2006).

Our sample has slightly fewer women (49%) than men (51%) and is predominantly white
(49%). Forty-eight percent of respondents live in a household in which one or both parents
have some education after high school, and 13% live in a household in which neither parent
graduated from high school. The average household size among respondents is 4.5 people,
and slightly more than half of respondents (51%) live with both biological parents. The
prevalence of adult smoking was 23% at baseline, ranging from 18% in California to 30% in
Montana.

Descriptive statistics of our sample are also presented by gender, by race/ethnicity, and by
gender by race/ethnicity. For adolescents in the NLSY97 cohort, the percentage of
respondents who initiated smoking differed by gender and race/ethnicity, as well as within
the “by race/ethnicity by gender” specification. Parent’s education, whether the adolescent
was living with both parents, and mean household size differed by race/ethnicity. Average
cigarette excise tax rate and real average weighted price of cigarettes varied slightly for
Hispanics versus non-Hispanics. The prevalence of adult smoking remained relatively
constant among all gender and race/ethnicity specifications.

The average cigarette excise tax rate and per pack price increased across survey waves
(Figure 1). Average cigarette excise taxes and prices doubled between 1985 and 2006,
ranging from $1.82 to $4.05 and $0.59 and $1.26, respectively.
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3.2 Hazard Plot
Figure 2 presents the proportion of youth who initiated smoking at each age given that they
had not previously tried smoking, separated by gender and race/ethnicity. The top half
displays the hazard rates of smoking initiation at any age for males, and the bottom half
displays the hazard rates for females. The rate of first cigarette use remained relatively low
for white and black males until around age 9 when the hazard of smoking initiation began to
rise sharply. For Hispanic males, this same increase began around age 10. The hazard of
smoking initiation peaked at age 14 for white and black males and remained relatively stable
with a second similar peak at age 18. After the second peak, the hazard began a sharp
decline. The hazard for Hispanic males peaked first at age 15 and peaked again at age 18
before following the decline with white and black males. By age 25, the rate of first time
cigarette use for all males was similar to the rate of initiation for 9- and 10-year-olds. This
hazard plot shows that our sample covers the age range of greatest smoking hazard for
males.

The bottom half of Figure 2 presents the proportion of females who initiated smoking at
each age given that they had not previously tried smoking. The hazards for white, Hispanic,
and black females followed relatively similar patterns to their respective male counterparts.
The hazard of smoking initiation began its initial increase around age 9 and 10 and rose
sharply until peaking around age 18, after which it slowly declined. The decline continued
until the last reported age of 27 when hazard rates reached levels similar to the rate of first
time cigarette use at age 9 and 10. The sample also covers the age range of greatest smoking
initiation hazard for females. The female hazard rates exhibited a second peak, but it was
lower than the original peak, differing from the second peak present in the male hazards.
The highest hazard rates were similar for black and Hispanic males and females. However,
for white females, the peak hazard rate at age 15 was higher than the hazard rate at age 15
for white males.

3.3 Discrete Time Results
Results from our base model specifications are reported in Table 2. We estimated the effects
of tax and price separately while controlling for adult smoking prevalence in each state in
1997 (without the measure of state tobacco control funding) as well as a model including
state tobacco control funding. Increases in cigarette excise tax rates and prices are associated
with significant decreases in the likelihood of youth smoking initiation across various model
specifications. Cigarette price and excise tax rate were statistically significant (odds ratio
[OR] = 0.88 for both) at the 1% and 10% level, respectively, when including state tobacco
control funding. Although not a focus of this paper, we did not find cumulative state tobacco
control funding to be significantly associated with youth smoking initiation. We estimated
that a 10% increase in cigarette taxes is associated with a 0.9% decrease in the hazard of
initiating smoking at each age. The elasticity of cigarette prices is larger with a 10% increase
in price yielding a 3.1% decrease in the hazard of initiating smoking at each age.

We re-estimated the baseline model including gender and race/ethnicity covariates (results
shown in Table 2). An increase in taxes or prices had a larger and more significant effect for
female and black youth than for other gender and race/ethnicity specifications. We estimated
that a 10% increase in prices is associated with a 4.8% decrease in the hazard of a female
initiating smoking and associated with a 5.0% decrease in the hazard of a black youth
initiating smoking. These results suggest that females are more tax and price sensitive than
males, and black youth are more tax and price sensitive than either whites or Hispanics.

Table 3 presents the results of the model re-estimated using gender and race/ethnicity cross
specifications. The gender-by-race/ethnicity elasticity was strongest for black females. We
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estimated that a 10% increase in prices is associated with a 5.7% decrease in the hazard of
initiating smoking for this group. While the results for white males suggest that an increase
in taxes or prices is associated with an increase in the smoking initiation hazard rate, these
results are not statistically significant. An increase in taxes only significantly decreased the
hazard for black males and females, but an increase in price was associated with a
significant decrease in the smoking initiation hazard for all gender and race/ethnicity
interactions with the exception of white males and Hispanic females.

4. Discussion and Conclusions
In this paper, we examined the effect of cigarette excise taxes and prices on youth smoking
initiation. We examined these relationships overall and by gender, race/ethnicity, and
gender-by-race/ethnicity.

Although we found a significant effect of both tax and price on youth smoking initiation
overall, the effect was relatively small. Our stratified models suggested that the overall result
was largely driven by higher price responsiveness among minorities, especially among black
youth. Tax is typically not significant for white youth. Price is significant for white youth in
some model specifications including a model with state fixed effects. For black youth, the
results are statistically significant for both tax and price, and there is evidence of meaningful
tax/price responsiveness. These results are robust to the different model specifications. For
Hispanics, results are mixed for tax—significant in some specifications but not others. Price,
however, is significant in most specifications. The results are stronger for Hispanics when
baseline weights are included.

The results by race/ethnicity are consistent with the results of DeCicca et al. (2000). They
concluded that “the results for Hispanics and African-Americans provide some support that
higher taxes will reduce smoking in these populations, because the imprecisely estimates
effects are suggestive of a potentially high degree of price-responsiveness” (2000, p. 335).
They also find that higher cigarette prices do not deter smoking onset for whites when
controlling for state fixed effects.

When we stratify by gender, we do not find a significant effect of tax on males. Price is
sometimes significant for males although not consistently across different model
specifications. For females, we find tax and price significant, although the tax results are not
always significant.

Our results do not agree with those of Cawley et al. regarding gender differences in the
effect of tax/price on smoking initiation. In particular, we find that females are more
sensitive to tax and price, although we find males to be sensitive to price.

There are several possible reasons for the differences between Cawley et al.’s results and our
results. First, they do not use the age of initiation information to look back prior to baseline
(i.e., they restrict the initial risk pool to those who were nonsmokers at baseline). This leaves
a sample of relatively late initiators, particularly for whites in the sample (i.e., leaves out
early initiators). We use the age of initiation to look back prior to baseline and essentially
expand the age range for initiation to 5 to 24. Furthermore, we restrict our risk pool to never
smokers and focus on first initiation. Second, they only had available the first four waves of
the NLSY97, which creates a number of possible differences between their estimates and
ours. Their data did not cover some later tax increases that our data capture, and their
estimates would have missed the relatively late initiation that occurs for blacks.

No prior studies have examined the impact of tax or price on youth smoking initiation
stratified by gender-by-race/ethnicity. We find no evidence that white males are influenced
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by tax or price. Our results suggest that white females are responsive to price but not tax.
Black males and females are responsive to both tax and price with these results remaining
significant across most model specifications. Hispanic males also appear responsive to price
consistently, whereas the result for Hispanic females is somewhat mixed, depending on the
particular model specification.

Our overall results are consistent with evidence published by Taurus et al. (2005) also using
the NLSY97. This study did not explicitly investigate the impact of cigarette excise taxes on
smoking initiation but rather estimated a participation (prevalence) elasticity for both tax
and price of −0.06 and −0.31, respectively. Our overall estimates are also in the range
estimated by Carpenter and Cook (2008) for a participation elasticity (they estimated a
participation elasticity for price of −0.23 to −0.56). Carpenter and Cook’s results suggest
that a $1 increase in the tax per pack would reduce smoking participation by 3 to 6
percentage points or approximately 10% to 20%. Participation or prevalence elasticities are
not the same as what we estimate using discrete-time methods. Our models estimate
incidence rather than prevalence (prevalence mixes incidence and duration).

DeCicca et al. (2009) point out that the price elasticity of participation is a weighted average
of initiation and cessation (a point related to the distinction between incidence and
prevalence [Singer and Willet, 1991]) and that this elasticity will vary over the life-course
because initiation and cessation rates vary over the life-course. In early adolescence,
initiation is more important than cessation; as individuals age, initiation becomes less
important, while cessation becomes more important. Thus, it is not surprising that we find
similar initiation elasticities to the participation elasticities found by Taurus et al. (2005) and
Carpenter and Cook (2008).

Our study has several limitations. One possible limitation is related to our use of the recall of
age of initiation for those who initiated smoking prior to baseline. Although this is a
potential limitation, we suggest the potential for recall bias is less in a youth sample than an
adult sample. In addition, we estimated a model specification conditional on being a never
smoker at baseline, thus avoiding the use of the recall data. These results were virtually
identical to the results reported (available upon request), although this sample would be
relatively late initiators compared to the full sample.

A second potential limitation is that our model specification does not adequately account for
unobserved state factors which are related to taxes and smoking initiation. We estimated
several alternative model specifications to address this limitation including a specification
using state fixed effects. The real weighted price of cigarettes remained protective and
significant in all of these alternate model specifications. The cigarette excise tax rate was
protective (similar magnitude to our base model specification) but became marginally
significant or statistically insignificant in these alternate model specifications. These results
are presented in tables A.1 in the on-line appendix.

A third potential limitation is related to the discrete-time methodology. We report results
that impose a proportional odds assumption (i.e., that tax and price have the same impact on
the hazard at each age). It is possible to relax this assumption by including interaction terms
between the tax/price and each age indicator. This model specification, although possible, is
complicated, especially in the context of a logistic regression model, and thus we chose not
to report results from such a model. However, we found that a model including the
interaction terms did not improve the fit of the model. We also estimated a model using age
groupings (5–11, 12–17, and 18+) rather than single year age dummies (to reduce the
number of interaction terms) and found that the proportional odds assumption is violated—
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suggesting that older youth are more sensitive to tax or price (see table A.2 in the on-line
appendix).

A fourth potential limitation is that our unweighted sample, which we used in estimating our
results, is not very representative of the US population (see table A.3 in on-line appendix).
To partially address this limitation we re-estimated our model using baseline weights (see
table A.4 in on-line appendix). Using this model specification, our results remained
qualitatively similar.

In the current tobacco control environment, a number of states have increased or are
considering making large increases to their cigarette excise taxes. In addition, the federal
excise tax has also recently increased considerably. The mean increase across states (due to
the increase in the federal excise tax to $1) is 82% with a standard deviation of 0.42. The
increase ranges from a low in New York (35%) to a high in South Carolina (217%).
Although we found no effect of tax or price on white males and only some evidence for an
effect of price on white females, our results do suggest the potential for an impact on blacks
and Hispanics. As Gruber and Zinman (2001) have noted, even relatively small changes in
smoking rates among youth cohorts can have substantial long-run public health
consequences. Thus, our results suggest that policy makers should continue to consider
excise taxes, in addition to other policies to increase the cost of cigarettes, as a way to
prevent youth smoking initiation and lessen the long-term health consequences of smoking.

Despite considerable research into the effect of tax/price on youth smoking, clear evidence
is lacking regarding the magnitude of such an effect. A body of research suggests an
elasticity on the order of −0.7, whereas other work suggests no effect. To some extent, the
mixed evidence could result from a difference in the measure of youth smoking (e.g., some
work focuses on initiation explicitly, whereas other work focuses on prevalence or intensity
of smoking). In addition, although some work has been done examining racial/ethnic
differences in the effect of taxes on youth smoking, the evidence remains limited. Mixed
evidence on the magnitude of the effect of tax/price on youth smoking is an important policy
question. The importance of providing further evidence on this topic is highlighted by
efforts to simulate the impact of tax/price increases on smoking rates, morbidity, and
mortality. For example, Levy et al. (2000) used a simulation model to simulate the impact of
a tax increase on smoking rates and smoking attributable mortality. They used a consensus
estimate of −.6 for youth below age 20; the elasticity declined with age in their model (−0.5
for young adults aged 20 to 25 and −0.4 for adults). In the discussion, they note that their
results (the impact of the tax on outcomes) are driven largely by the effect on youth, which
in turn is a consequence of the larger tax elasticity used for this age group. We feel our paper
addresses several shortcomings in the existing literature. Of particular importance is that a
substantial portion of our cohort is exposed to potentially large tax increases during the ages
at which smoking initiation occurs (although we acknowledge that, for some of our sample,
initiation had already occurred or was most likely to have occurred prior to the recent larger
tax changes). Recent studies casting doubt on the impact of taxes have mostly used data
ending before these recent large tax changes. Also, our data and methods allow us to
examine initiation over the entire range at which most initiation typically occurs. Again, the
recent studies have not done this; those that have attempted to focus on initiation have not
included younger and older youth. The omission of older youth is especially important when
examining racial/ethnic differences because black youth tend to initiate somewhat later than
other youth.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Nonnemaker and Farrelly Page 10

J Health Econ. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
Support for this project was provided by a grant (1 P30 CD000138-01) from the Centers for Disease Control and
Prevention to the RTI-UNC Center of Excellence in Health Promotion Economics and a grant from the National
Cancer Institute (5 R03 CA101527-02). The authors thank Daniel Shive, Altijani Hussin, and Anna MacMonegle
for his assistance in preparing this manuscript. The authors would also like to thank Susan Murchie for editorial
assistance, and Dr. Thomas Hoerger, director of the RTI-UNC Center of Excellence in Health Promotion
Economics, for his guidance and support.

References
Carpenter C, Cook PJ. Cigarette taxes and youth smoking: New evidence from national, state, and

local Youth Risk Behavior Surveys. Journal of Health Economics. 2008; 27:287–299. [PubMed:
18242745]

Cawley J, Markowitz S, Taurus J. Lighting up and slimming down: the effects of body weight and
cigarette prices on adolescent smoking initiation. Journal of Health Economics. 2004; 23:293–311.
[PubMed: 15019756]

Centers for Disease Control and Prevention (CDC). Tobacco control state highlights 2002: Impact and
opportunity. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; 2002.

Centers for Disease Control and Prevention (CDC). Investment in tobacco control: State highlights—
2001. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on
Smoking and Health; 2001.

Centers for Disease Control and Prevention (CDC). State Tobacco Activities Tracking and Evaluation
(STATE) System. 2008a. Available at: http://www.cdc.gov/tobacco/statesystem

Centers for Disease Control and Prevention (CDC). Cigarette use among high school students—United
States, 1991–2007. Morbidity and Mortality Weekly Report. 2008b; 57(25):686–688.

Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System
Survey Data. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention; 2009.

Centers for Disease Control and Prevention (CDC). Youth Risk Behavior Surveillance—United States,
2009. Morbidity and Mortality Weekly Report. 2010; 59(SS–5):1–142. [PubMed: 20075837]

Chaloupka FJ, Pacula RL. Sex and race differences in young people’s responsiveness to price and
tobacco control policies. NBER working paper 6541. Cambridge, MA. National Bureau of
Economic Research Tobacco Control. 1999; 8:373–377.

Chou S-Y, Grossman M, Saffer H. Reply to Jonathan Gruber and Michael Frakes. Journal of Health
Economics. 2006; 25:389–393.

DeCicca P, Kenkel D, Mathios A. Racial differences in the determinants of smoking onset. Journal of
Risk and Uncertainty. 2000; 21(2/3):311–340.

DeCicca P, Kenkel D, Mathios A. Putting out the fires: Will higher cigarette taxes reduce the onset of
youth smoking? Journal of Political Economics. 2002; 110:144–169.

DeCicca P, Kenkel D, Mathios A, Shin YJ, Lim JY. Youth smoking, cigarette prices, and anti-smoking
sentiment. Health Economics. 2008; 17(6):733–749. [PubMed: 17935201]

DeCicca P, Kenkel D, Mathios A. Cigarette taxes and the transition from youth to adult smoking:
Smoking initiation, cessation, and participation. Journal of Health Economics. 2009; 27:904–917.
[PubMed: 18513811]

Douglas S. The duration of the smoking habit. Economic Inquiry. 1998; 36:49–64.
Douglas S, Hariharan G. The hazard of starting smoking: Estimates from a split population duration

model. Journal of Health Economics. 1994; 13:213–230. [PubMed: 10138026]
Emery S, Gilpin EA, White MM, Pierce JP. How adolescents get their cigarettes: Implications for

policies on access and price. Journal of the National Cancer Institute. 1999; 91:184–186.
[PubMed: 9923862]

Nonnemaker and Farrelly Page 11

J Health Econ. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/tobacco/statesystem


Emery S, White MM, Pierce JP. Does cigarette price influence adolescent experimentation? Journal of
Health Economics. 2001; 20:261–270. [PubMed: 11252373]

Farrelly MC, Pechacek TF, Chaloupka FJ. The impact of tobacco control program expenditures on
aggregate cigarette sales: 1981–2000. Journal of Health Economics. 2003; 22:843–859. [PubMed:
12946462]

Forster M, Jones AM. The role of tobacco taxes in starting and quitting smoking: duration analysis of
British data. Journal of the Royal Statistical Society (A). 2001; 164:517–547.

Glynn TJ, Greenwald P, Mills SM, Manley MW. Youth tobacco use in the United States—Problems,
progress, goals, and potential solutions. Preventive Medicine. 1993; 22:568–575. [PubMed:
8415508]

Gruber, J.; Zinman, J. Youth smoking in the US: Evidence and implications. In: Gruber, J., editor.
Risky behavior among youths: An empirical analysis. Chicago: University of Chicago Press; 2001.
p. 69-120.

Harris JE, Chan SW. The continuum-of-addiction: cigarette smoking in relation to price among
Americans aged 15–29. Health Economics. 1999; 8:81–86. [PubMed: 10082146]

Lynch, BS.; Bonnie, RJ., editors. Institute of Medicine (IOM). Growing up tobacco free: Preventing
nicotine addiction in children and youths. Washington, DC: National Academy Press; 1994.

Johnston, LD.; O’Malley, PM.; Bachman, JG.; Schulenberg, JE. Secondary school students. NIH
Publication No. 05–5727. Vol. I. Bethesda, MD: National Institute on Drug Abuse; 2005.
Monitoring the Future national survey results on drug use, 1975–2004.

Johnston, LD.; O’Malley, PM.; Bachman, JG.; Schulenberg, JE. NIH Publication No. 08–6418.
Bethesda, MD: National Institute on Drug Abuse; 2008. Monitoring the Future national results on
adolescent drug use: Overview of key findings, 2007.

Levy DT, Cummings KM, Hyland A. Increasing Taxes as a strategy to reduce cigarette use and deaths:
Results of a simulation model. Preventive Medicine. 2000; 31:279–286. [PubMed: 10964642]

Lewit EM, Coate D, Grossman M. The effects of government regulation on teenage smoking. Journal
of Law and Economics. 1981; 24:545–573.

Liang L, Chaloupka FJ. Differential effects of cigarette price on youth smoking intensity. Nicotine and
Tobacco Research. 2002; 4:109–114. [PubMed: 11906687]

Nicolas AL. How important are tobacco prices in the propensity to start and quit smoking? An analysis
of smoking histories from the Spanish National Health Survey. Health Economics. 2002; 11:521–
535. [PubMed: 12203755]

NLSY97 User’s Guide. Prepared for the US Department of Labor. Columbus, OH: Ohio State
University, Center for Human Resource Research; 2003.

Orzechowski; Walker. The tax burden on tobacco historical compilation. Vol. 41. Arlington, VA:
Orzechowski and Walker Consulting Firm; 2006.

Singer JD, Willet JB. Modeling the days of our lives: Using survival analysis when designing and
analyzing longitudinal studies of duration and the timing of events. Psychological Bulletin. 1991;
110(2):268–290.

Taurus, JA.; Markowitz, S.; Cawley, J. Substance use: Individual behavior, social interactions,
markets, and politics. Advances in health economics and health services research. Vol. 16.
Elsevier Ltd; 2005. Tobacco control policies and youth smoking: Evidence from a new era; p.
277-291.

U.S. Department of Health and Human Services (USDHHS). A report of the Surgeon General. Atlanta,
GA: U.S. Department of Health and Human Services, Public Health Service, Centers for Disease
Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; 1994. Preventing tobacco use among young people.

Nonnemaker and Farrelly Page 12

J Health Econ. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Real weighted cigarette price and excise tax rate by year
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Figure 2.
Estimated hazard of initiating smoking by age of initiation
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