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Unlike many countries whose regulation of
tobacco products occurs primarily at the national
level, the 50 states and District of Columbia
(DC) of the United States have considerable
autonomy over tobacco regulation in their
jurisdictions. This produces marked variation
in tobacco control expenditures,1 smoke-free
air laws,2 access for minors,3 advertising re-
strictions,4 and cigarette excise taxes5 through-
out the country. For instance, in 2009,
25 states and DC had comprehensive laws
to prohibit indoor smoking in private-sector
worksites, restaurants, and bars,6 yet none
of the tobacco-growing states of Indiana,
Kentucky, Mississippi, South Carolina, Texas,
West Virginia, and Wyoming prohibited
smoking in all 3 of these venues.6 Because
these laws were implemented relatively re-
cently, only their short-term effect on eco-
nomic activity has been reported,7,8 and
investigation of the public health effects has
been confined to single states9,10 or smaller
jurisdictions.11---13

By contrast, state cigarette excise taxes were
first implemented in 1921 in Iowa.14 By 1969,
all 50 states and Washington, DC, imposed a
cigarette excise tax that is passed on to the
consumer in the price of cigarettes. Further-
more, there has been a history of marked state
variation in the amount of excise tax. For
example, in 1983 it ranged from $0.02 in North
Carolina to $0.25 in Wisconsin; by 2004, the
range was $0.025 in Virginia to $2.50 in New
Jersey. Such marked interstate variation provides
a unique opportunity to compare the impact of
differing tobacco control policies on smoking
rates, per capita sales, secondhand smoke (SHS)
exposure, and public health within a single
population.

Two features of the state cigarette excise tax
suggested it might influence public health. First,
despite the addictive nature of nicotine, ciga-
rette price increases resulted in a reduction in
the prevalence of smoking and the number
of cigarettes smoked per person.15---20 Price

elasticity of demand estimates revealed that
a 10% increase in price led to a 3% to 5%
reduction in cigarette consumption.21 Secondly,
although states raised cigarette excise taxes in
absolute terms over 40 years, the relative
ranking of states by their level of tax had long-
term stability. Hence, states that currently
impose a high tax have been consistently high
taxing relative to other states.22 Similarly,
historically low-taxing states maintained a rela-
tively low tax on cigarettes.22 Meanwhile, the
federal cigarette excise tax is applied uniformly
in every state; currently, this tax is $1.01 per
pack of 20 cigarettes.

Despite good evidence for an inverse re-
lation between cigarette price and sales, few
studies have investigated the impact of ciga-
rette prices on health. Moreover, no study has
investigated whether state cigarette excise tax
is associated with health in nonsmokers. In
2004, the US Surgeon General added peri-
odontal disease to the list of conditions

causally linked to cigarette smoking,23 and
several epidemiological studies found SHS
exposure to be associated with periodontal
disease among nonsmokers.24,25 In the United
States, 42% of periodontitis was attributed to
current smoking and 11% to former smoking.26

This study sought to investigate the relationship
of state cigarette excise tax with periodontitis
among lifetime nonsmokers. We hypothesized
that (1) states with historically high cigarette
excise taxes had lower per capita cigarette
sales, and (2) nonsmokers in those states had
less SHS exposure and lower odds of peri-
odontitis than did nonsmokers in states with
historically low tax levels.

METHODS

We analyzed time-series data documenting
tobacco sales and excise to evaluate Aim 1 and
cross-sectional national health survey data to
investigate Aim 2.

Objectives. We assessed the relationship of state cigarette excise tax with

cigarette sales, secondhand smoke (SHS) exposure, and periodontitis among US

lifetime nonsmokers.

Methods. Cigarette excise tax and per capita sales data from 1983 to 1998 were

obtained for 50 states and the District of Columbia. Periodontal data were

analyzed for 3137 adults in 28 states from 3 National Health and Nutrition

Examination Survey cycles (1999–2004). Measures of periodontal pocket depth

and attachment level were used to classify people with moderate or severe

periodontitis. SHS exposure was classified according to gender- or race/ethnic-

ity–specific thresholds of serum cotinine concentration. Statistical analysis

adjusted for the complex survey design.

Results. For each additional $0.10 in excise tax, predicted sales decreased by

0.74 packs per person per month and adjusted odds of moderate or severe

periodontitis decreased 22% (odds ratio [OR] = 0.78; 95% confidence interval [CI]

= 0.62, 0.97). For each pack sold per person per month, adjusted odds of SHS

exposure increased 28% (95% CI = 1.17, 1.40) and adjusted odds of periodontitis

increased 15% (95% CI = 1.03, 1.29). Odds of periodontitis for those exposed to

SHS were elevated 2-fold relative to those who were unexposed (OR = 2.03;

95% CI = 1.30, 3.20).

Conclusions. Cigarette excise tax may protect nonsmokers against periodon-

titis. (Am J Public Health. 2013;103:740–746. doi:10.2105/AJPH.2011.300579)
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Aim 1 Data Sources

Data on state cigarette excise tax and cigarette
sales were collected over many years because
of the long lag between exposure and clinical
detection of disease.

For Aim 1, cigarette excise data were obtained
from the Tobacco Institute for all states and
the District of Columbia for each of the years
1970---1996.22 Because the Institute’s collections
ceased after 1996, data for 1997 were from
the State Cancer Legislative Database Program,
and the National Center for Chronic Disease
Prevention and Health Promotion was the
source for 1998 data.27 Excise values were
adjusted for inflation using consumer price
index data downloaded from the US Bureau
of Labor Statistics Web site (ftp://ftp.bls.
gov/pub/special.requests/cpi/cpiai.txt). All
currency values reported here are expressed
as their values in 1982---1984.

Sales data expressed as packs per month per
person for the adult population (‡ 18 years)
aggregated at the state level were obtained for
all states over the 20-year period from De-
cember 1983 to January 1998. Sales data
were collected by the Tobacco Institute until
December 1997 and in 1998 by the economic
consulting firm Orzechowski and Walker,
Arlington, VA. These data were obtained online
from the Social Sciences and Humanities Library
of the University of California, San Diego
Web site (http://libraries.ucsd.edu/ssds/pub/
CTS/tobacco/sales/index.html).

Aim 1 Data Analysis

Excise and sales data for each of the 51
jurisdictions in each of 21 years (1983---1998)
were merged, and analyzed using a generalized
estimating equation model with per capita
sales as the dependent variable. Year, excise,
and the inverse of excise were predictors,
each modeled as continuous variables, and
effects were nested within jurisdiction. This
took account of the hierarchical nature of years
nested within states. For graphical purposes,
predicted mean sales were estimated for index
years 1985 and 1995.

Aim 2 Data Sources

The previously described data sets were
used to compute each jurisdiction’s mean tax
excise value for 1970 through 1998 and mean
per capita sales for 1983 through 1998. Those

data were merged with state-of-residence in-
formation obtained for participants in 3 cycles of
the National Health and Nutrition Examination
Survey (NHANES) conducted from 1999 to
2004. NHANES is a multistage complex proba-
bility survey conducted by the National Center
for Health Statistics. The survey is designed to
collect representative data on the health and
nutrition status of the civilian, noninstitution-
alized US population. Data are released to the
public in 2-year cycles. This cross-sectional
study pooled NHANES data from 3 cycles
(1999---2004) to maximize the number of sam-
pled states and to improve reliability of statistical
estimates. Although geographical identifiers
are not publicly released in NHANES data, we
obtained approval to access state identifiers
for analysis; however, findings for individual
states cannot be reported.
Inclusion and exclusion criteria. This analysis

was limited to NHANES participants aged 20
years or older who completed the in-home
interview and the physical and dental exam-
inations. Of the 9932 participants with data to
compute periodontitis case status, 4553 were
excluded for having smoked at least 100 ciga-
rettes in their lifetime. Also excluded were 13
adults with undisclosed smoking status, along
with individuals with a history of tobacco
use through pipe, cigar, snuff, or chewing tobacco
(n = 456). Examination of serum cotinine
identified participants whose gender- or race/
ethnicity---specific concentrations exceeded
thresholds for nonsmokers28 (n = 437), and
these were likewise ineligible. Cutpoints for
men were 6.79 (non-Hispanic White), 13.3
(Non-Hispanic Black), and 0.79 (Mexican
American) nanograms per milliliter. Equiva-
lent cutpoints for women were 4.73, 5.92 and
0.84 nanograms per milliliter for non-Hispanic
White, non-Hispanic Black, and Mexican
Americans, respectively.28 Finally, adults who
lived less than 10 years in the United States
were excluded (n = 1336) because their expo-
sure to the state excise was limited. No attempt
was made to account for internal migration
because this information was not available.
Hence, this analysis was limited to 3137 US
lifetime nonsmokers.
Active smoking and secondhand smoke

exposure. Questions about smoking status
asked in the NHANES home interview were
supplemented with a tobacco questionnaire

completed by telephone interview for adults
aged 20 years or older. Serum cotinine was used
as a biomarker for exposure to nicotine (i.e., SHS).
Serum was obtained from blood collected by
venipuncture and analyzed for concentration of
serum cotinine concentration at NHANES con-
tract laboratories. The laboratory detection
limits for cotinine decreased in each subse-
quent NHANES cycle. To maintain consistency
over the 3 cycles, we applied the 1999---2000
threshold of laboratory detection of 0.05
nanograms per milliliter or greater.
Covariates. Data for gender, age in years, race/

ethnicity (non-Hispanic White, non-Hispanic
Black, Hispanic, other), and educational at-
tainment (< high school, high school graduate,
passed general educational development test or
equivalent, and ‡ some college) were obtained
during the NHANES household interview.
We derived a variable that identified NHANES
cycle.
Periodontal examination protocol. For all 3

NHANES cycles, a partial-mouth periodontal
examination protocol examined all teeth,
other than third molars, in 2 quadrants of the
mouth—1 maxillary and 1 mandibular, chosen
at random. In 1999---2000, probing depth (PD)
and clinical attachment level (CAL) were
assessed at 2 fixed sites per tooth (mid- and
mesiofacial), and for 2001---2004, these as-
sessments were additionally made at distal
sites.29

Periodontitis case classification. The case
classification for moderate or severe peri-
odontitis was developed jointly by the Centers
for Disease Control and Prevention (CDC) and
the American Academy of Periodontology.30

This analysis used measurements made only at
mesiofacial sites; measurements at mid-facial
were disregarded because they did not contrib-
ute to the CDC case classification. Measurements
at distal sites were not used because they were
not collected in 1999---2000. Periodontitis cases
had either (1) 2 or more sites that had both
CAL 6 millimeters or greater and PD 5 milli-
meters or greater, (2) 2 or more sites with CAL
4 millimeters or greater, or (3) 2 or more sites
with PD 5 millimeters or greater. Otherwise,
people were classified as noncases.

Aim 2 Data Analysis

Six-year sample weights for NHANES
1999---2004 medical examinations provided
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by the National Center for Health Statistics
accounted for the complex sampling design
and for unequal probabilities of selection result-
ing from sample design, nonresponse, and
planned oversampling of certain subgroups.

For descriptive purposes, mean cigarette
excise tax was categorized into 3 levels, creat-
ing groups of approximately equal numbers of
participants and labeled low (< $0.15), mod-
erate ($0.15 to < $0.25) and high (‡ $0.25)
excise tax. Likewise, average per capita sales
were categorized as low (< 10.5 packs/person/
year), moderate (10.5--- < 12 packs/person/
year), and high (‡ 12 packs/person/year).
Prevalence of periodontitis and percentage ex-
posed to SHS were tabulated according to sales,
excise, and sociodemographic characteristics.

Excise and sales were then used as continuous,
explanatory variables in separate binary logistic

regression models that used periodontitis case
status and SHS exposure as dependent variables.
Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated to represent change in odds
of each dependent variable associated with an
increase of $0.10 in excise or an increase of 1
pack per year in per capita sales. Age in years was
included as a covariate because both depen-
dent variables were strongly associated with
age. Another covariate was a derived variable
denoting NHANES cycle. It was used to adjust
for any potential confounding effect of the time
in which the survey was completed.

Education, gender, and race/ethnicity were
examined in bivariate analyses, but excluded
from the multivariable models that formally
tested the hypotheses in Aim 2. The rationale
was that those variables might influence states’
propensity to implement tobacco control and,

hence, their inclusion in models might spuri-
ously attenuate the estimate of association
between excise tax and periodontitis.

For example, evidence in support of a corre-
lation between cigarette excise tax and level
of education comes from the United States
2000 Census.31 Summarized at the regional
level, the percentage of adults who had
completed at least high school was Southern
(77.7%), West (80.5%), Northeast (81.6%),
and Midwest (83.5%). In general, those states
with a history of lower cigarette excise tax had
lower levels of educational attainment. Hence,
inclusion of education might attenuate estimation
of the total effect of excise tax on periodontitis.
For discussion on this “over-adjustment” bias,
refer to Schisterman et al.32 and VanderWeele.33

The results’ sensitivity to these assumptions
was assessed in1alternative set of models that

TABLE 1—Relationship of Selected Characteristics of the Lifetime Nonsmoking US Adult Population With Inflation-Adjusted

Cigarette Excise Tax, Per Capita Cigarette Sales, and SHS Exposure: NHANES 1999–2004

Inflation-Adjusted Cigarette Excise Tax, % (SE)a Cigarette Sales (Packs/Person/Mo), % (SE)b

Characteristic Unweighted No (Weighted %) < $0.15 $0.15– < $0.25 ‡ $0.25 < 10.5 10.5– < 12 ‡ 12 SHS Exposure, % (SE)c

All 3137 (100.0) 31.1 (5.3) 38.9 (6.2) 30.0 (5.9) 30.0 (5.4) 34.1 (6.5) 35.9 (4.8) 40.5 (2.3)

Gender

Male 1090 (36.9) 27.1 (5.4) 43.2 (6.7) 29.6 (6.1) 33.1 (5.7) 34.1 (6.7) 32.9 (5.1) 46.4 (3.1)

Female 2047 (63.1) 33.4 (5.4) 36.3 (6.0) 30.3 (5.9) 28.2 (5.2) 34.2 (6.5) 37.6 (4.8) 37.0 (2.2)

P .004 .024 < .001

Age group, y

20–49 2003 (69.7) 30.8 (5.5) 38.5 (6.5) 30.7 (5.7) 29.6 (5.4) 34.7 (6.6) 35.7 (4.9) 43.9 (2.5)

50–85 1134 (30.3) 31.6 (5.4) 39.7 (5.9) 28.6 (6.4) 30.9 (5.9) 32.8 (6.8) 36.3 (5.2) 32.6 (2.5)

P .692 .798 < .001

Race/ethnicity

Non-Hispanic White 1858 (79.2) 30.8 (5.9) 38.4 (6.8) 30.8 (6.8) 30.3 (6.1) 34.0 (7.4) 35.7 (5.2) 36.2 (2.6)

Non-Hispanic Black 718 (12.4) 40.6 (7.0) 37.3 (7.3) 22.0 (4.0) 15.7 (3.5) 31.4 (5.2) 52.9 (6.9) 65.7 (2.8)

Hispanic 522 (6.9) 18.6 (9.4) 42.1 (8.5) 39.3 (8.6) 51.0 (8.2) 44.0 (8.9) 5.0 (2.6) 41.1 (4.1)

Other 39 (1.5) 23.1 (8.5) 62.5 (11.0) 14.4 (7.4) 34.8 (11.1) 19.2 (8.2) 46.0 (12.1) 51.3 (10.3)

P .186 < .001 < .001

Educational attainmentd

< high school graduate 513 (9.8) 35.7 (6.4) 37.8 (37.8) 26.5 (5.2) 25.3 (5.4) 29.5 (5.3) 45.2 (5.2) 58.4 (3.6)

High school/equivalente 725 (22.7) 36.0 (5.6) 36.2 (6.5) 27.8 (6.2) 24.1 (4.8) 36.2 (6.7) 39.7 (4.6) 50.7 (3.0)

‡ some college 1898 (67.5) 28.7 (5.6) 39.9 (6.4) 31.3 (6.1) 32.7 (5.8) 34.1 (6.8) 33.2 (5.3) 34.4 (2.6)

P .151 < .001 < .001

Note. NHANES = National Health and Nutrition Examination Survey; SHS = secondhand smoke. All estimates are weighted data, except the number of study participants, which is reported as
unweighted. The sample size was n = 3137.
aA mean tax excise value was computed for each state for the period 1970–1998, with values adjusted for inflation.
bA mean value per capita cigarette sales for each state was computed using sales data for the period 1983–1998.
cSHS exposure was determined by gender- and race-specific thresholds of serum cotinine above the laboratory detection limit for 1999–2000 NHANES of 0.05 ng/mL.
dEducation status was not recorded for 1 individual.
eIncludes high school graduates, participants who passed the general educational development test, or equivalent.
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adjusted for gender and race/ethnicity, and in
another alternative set of models that addi-
tionally adjusted for educational attainment.

RESULTS

Analysis of the time-series data revealed an
inverse linear relationship between sales and
excise and an independent effect of reduction
in sales over time (data available as a supple-
ment to the online version of this article
at http://www.ajph.org). For example, an
increase from $0.10 to $0.20 was associated
with a reduction in per capita sales of
0.74 packs per month, whereas an increase
from $0.50 to $0.60 was associated with
a reduction of 0.56 packs per month. (All
excise taxes are expressed in 1982---1984
US $.)

In the NHANES analysis of lifetime non-
smokers, age, race/ethnicity, and educational
attainment were not statistically significantly
associated with level of state cigarette excise
tax (Table 1). However, high educational
attainment was associated with low per capita
cigarette sales (Table 1). Overall, 40.5% of
nonsmokers were exposed to SHS according
to serum cotinine concentrations (Table 1).
Greater proportions of men than women were
exposed, and adults aged 20 to 49 years were
more likely to be exposed than were older
adults (P < .001). Most pronounced differ-
ences in SHS exposure were between racial
groups. Two thirds of African Americans
were exposed compared with approximately
one third of non-Hispanic Whites (P < .001).
Even within this nonsmoking subset of the
US population, inverse socioeconomic gra-
dients were observed in levels of SHS expo-
sure (Table 1).

Among nonsmoking adults, 2.6% had mod-
erate or severe periodontitis (Table 2). In
unadjusted analysis, older age, low educa-
tional attainment, and higher per capita cigarette
sales were positively associated with periodonti-
tis prevalence, although race/ethnicity was not.
Higher cigarette excise tax was associated with
lower prevalence of periodontitis in a dose-
response fashion, but the relationship did
not reach statistical significance at the P < .05
level. Likewise, serum cotinine concentration
was not significantly associated with peri-
odontitis in this unadjusted analysis.

In unadjusted analysis, SHS exposure was
marginally greater in low-excise states than in
high-excise states, although the difference was
not statistically significant. However, SHS ex-
posure varied 2-fold according to states’ ciga-
rette sales (Table 3).

US Census data34 were used to test the
assumption that inclusion of education in mul-
tivariable models produced overadjustment
bias in this study. Analysis examined the re-
lationship between education (percentage that
completed high school) and cigarette tax excise
for the index year of 1998 (the year before

the first NHANES measurement of periodontitis)
for all 50 states. The Pearson’s r statistic for the
correlation between education and excise tax
was 0.41 (P = .003), meaning that states with
higher proportions of high school graduates
had higher cigarette excise tax. This finding
implied that education acts as an intermediate
variable on the presumed causal pathway
between tax excise and periodontitis, and
its adjustment in multivariable models intro-
duced an overadjustment bias. In this study,
adjustment for education in the relationship
between SHS exposure and periodontitis

TABLE 2—Relationship of Selected Characteristics of the Lifetime Nonsmoking US

Adult Population With Moderate or Severe Periodontitis: NHANES 1999–2004

Characteristic Prevalence of Periodontitis, % (SE) P OR (95% CI)

All 2.6 (0.3)

Gender .302

Male 2.2 (0.4) 1.3 (0.8, 2.4)

Female 2.9 (0.4) 1.0 (Ref)

Age group, y < .001

20–49 0.5 (0.1) 1.0 (Ref)

50–85 7.5 (0.8) 16.3 (10.5, 25.2)

Race/ethnicity .146

Non-Hispanic White 2.3 (0.3) 1.0 (Ref)

Non-Hispanic Black 4.1 (0.7) 1.8 (1.1, 2.9)

Hispanic 2.7 (0.7) 1.2 (0.6, 2.1)

Other 4.8 (3.9) 2.1 (0.4, 10.7)

Educational attainment < .001

< high school 9.5 (1.4) 9.1 (5.2, 15.9)

High school graduate 4.0 (0.8) 3.6 (2.0, 6.6)

‡ some college 1.1 (0.2) 1.0 (Ref)

Cigarette excise tax, $ .082

< 0.15 3.4 (0.6) 1.7 (1.1, 2.6)

0.15– < 0.25 2.4 (0.6) 1.2 (0.6, 2.2)

‡ 0.25 2.1 (0.4) 1.0 (Ref)

Cigarette sales (pack/person)b .016

< 10.5 1.5 (0.4) 0.4 (0.2, 0.8)

10.5- < 12 2.7 (0.4) 0.8 (0.5, 1.3)

‡ 12 3.4 (0.6) 1.0 (Ref)

Serum cotinine concentration, ng/mL .509

< 0.05 2.3 (0.4) 1.0 (Ref)

0.05– < 1.5 3.1 (0.7) 1.3 (0.7, 2.4)

‡ 1.5 3.0 (0.6) 1.3 (0.7, 2.2)

Note. CI = confidence interval; NHANES = National Health and Nutrition Examination Survey; OR = odds ratio. The sample size
was n = 3137.
aCenters for Disease Control and Prevention/American Academy of Periodontology case classification for moderate or severe
periodontitis defined as ‡ 2 interproximal sites with clinical attachment level ‡ 4 mm, not on the same tooth, or ‡ 2
interproximal sites with probing depth ‡ 5 mm, not on the same tooth.
bOdds ratios are for each additional pack/person/month cigarette sales.
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attenuated the SHS odds ratio from 2.03 (95%
CI = 1.30, 3.18) to 1.60 (95% CI = 1.05,
2.45). This attenuation was an example of
overadjustment bias.

Results from multivariable modeling of as-
sociations are summarized as adjusted ORs for
associations in Figure 1, with adjustment for
age in years and NHANES cycle. Odds of SHS
exposure were reduced by 10% for each
additional $0.10 of cigarette excise tax (OR =
0.90; 95% CI = 0.68, 1.20); however, as in-
dicated by the 95% CI, this result was not
statistically significant. For each additional
pack of cigarettes sold per person per month,
adjusted OR (AOR) of being exposed to SHS
increased by 28% (AOR = 1.28; 95% CI =
1.17, 1.40). Likewise, for each additional
cigarette pack sold, odds of periodontitis in-
creased by 15% (AOR=1.15; 95% CI =1.03,
1.29). Higher cigarette excise tax was protective
of periodontal health, with a 22% reduction in
the odds for periodontitis for each additional
$0.10 in excise tax (AOR = 0.78; 95% CI =
0.61, 0.97). Finally, adjusted odds of peri-
odontitis for those exposed to SHS was elevated
2-fold relative to those who were unexposed
(AOR= 2.03; 95% CI = 1.30, 3.20).

Multivariable models that used other analytic
assumptions confirmed these main findings
regarding Aim 2. In models that additionally

adjusted for gender and race/ethnicity, ORs and
95% CIs differed only at the second decimal
place. For example, odds of periodontitis in-
creased 16% for each additional cigarette pack
sold (OR = 1.16; 95% CI = 1.03, 1.32) and
decreased 21% for each $0.10 in excise (OR=
0.79; 95% CI = 0.61, 1.01).

DISCUSSION

To the best of our knowledge, this study was
the first to report a relationship between state
cigarette excise tax and smoking-related disease
among lifetime nonsmokers at the population
level. This was also the first study to use
serum cotinine as a biomarker in examining
relationships with SHS and periodontitis. Our
main finding was that among 3137 lifetime
nonsmokers who did not use other types of
tobacco, adjusted odds of moderate or severe
periodontitis decreased 22% for each addi-
tional $0.10 in state cigarette tax excise.
Moreover, for each additional pack per month
of cigarettes sold per capita, adjusted odds of
SHS exposure increased 28% (95% CI =
1.17, 1.40) and adjusted odds of periodontitis
doubled (95% CI = 1.30, 3.20). Cigarette
excise tax was not statistically significantly
associated with SHS exposure, although odds of
exposure decreased 10% for each additional
$0.10 in tax in a dose-dependent relationship.

Comparison With Previous Literature

Our findings build on earlier evidence24,25

of an association between SHS exposure and
periodontitis by showing that for each addi-
tional pack of cigarettes sold per capita, in
a state, adjusted odds of moderate or severe
periodontitis in nonsmokers increased 15%. In
addition, this study’s findings were consistent
with those of Pickett et al.,35 who observed an
inverse relationship among nonsmokers be-
tween smoke-free law coverage and SHS ex-
posure in the United States. Together, these
results provided support for a role of state-wide
tobacco tax as a public health strategy to
control smoking-related disease. Cherukupalli36

argued that higher tobacco taxes serve as
a disincentive to smoke among people with
a psychological tendency to seek immediate
gratification rather than avoid future harm. In
support of that view, Boardman37 found that
higher state cigarette tax reduced the effect

TABLE 3—Percentage of US Lifetime

Nonsmokers Exposed to SHS by Level

of Cigarette Excise Tax and Per Capita

Sales of Cigarette Packs: NHANES

1999–2004

Characteristic

SHS Exposure, %

(SE) P

Cigarette excise tax, $ .214

< 0.15 46.5 (3.0)

0.15– < 0.25 36.2 (5.2)

‡ 0.25 39.7 (3.5)

Cigarette sales

(packs/person/mo)

< .001

< 10.5 25.3 (4.1)

10.5– < 12 43.2 (3.6)

‡ 12 50.5 (2.5)

Note. NHANES = National Health and Nutrition Ex-
amination Survey; SHS = secondhand smoke. The
sample size was n = 3137.

State
cigarette

excise taxa

Secondhand
smoke

exposured

Moderate or
severe

periodontitise

Per capita
cigarette

salesc

P  < .001b OR = 1.28
(95% CI = 1.17, 1.40)

OR = 2.03
(95% CI = 1.30, 3.20)

OR = 1.15
(95% CI = 1.03, 1.29)

OR = 0.90
(95% CI = 0.68, 1.20) 

OR = 0.78
(95% CI = 0.61, 0.97)

Note. CI = confidence interval; OR = odds ratio. All ORs adjusted for age in years, gender, and National Health and Nutrition

Examination Survey cycle (i.e., 1999–2000; 2001–2002; 2003–2004).
aORs are for each additional $0.10 in tax excise (expressed as constant-dollar value in 1982–1984).
bData available as a supplement to the online version of this article at http://www.ajph.org for the relationship between

cigarette excise tax and per capita sales.
cORs are for each additional pack/person/month cigarette sales.
dSecondhand smoke exposure dichotomized as < 0.05 ng/mL vs ‡ 0.05 ng/mL.
eCenters for Disease Control and Prevention/American Academy of Periodontology case classification for moderate or severe

periodontitis defined as ‡ 2 interproximal sites with clinical attachment level ‡ 4 mm, not on the same tooth, or ‡ 2

interproximal sites with probing depth ‡ 5 mm, not on the same tooth.

FIGURE 1—Directed acyclic graph to test the hypothesized relationship of cigarette excise

tax and periodontitis operating via cigarette pack sales and secondhand smoke exposure

pathway.
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of genetic influences on likelihood of daily
smoking.

Surprisingly, few studies have investigated
public health consequences of cigarette price.
Although intuitive, the relationship is by no
means certain. Some evidence showed that
after price increases, smokers compensate for
reduced nicotine yields by consuming ciga-
rettes with higher concentrations of tar and
nicotine,38 possibly to maintain a level of
physical dependence. Even less research ex-
amined the public health impact of state cigarette
excise tax, and findings were mixed. Moore39

used state-level longitudinal data from 1954 to
1988 to examine the effect of cigarette excise
tax on mortality rates. He found that deaths
decreased after increases in tax from cancer of
the lung, oral cavity, and larynx, cardiovascular
disease, and asthma, but there was no effect
on ischemic heart disease. Liu et al.40 used
longitudinal data for all 50 states and the
District of Columbia from 1954 to 2005
(excluding years 1960 and 1965) to estimate
the effect of cigarette excise tax on respira-
tory cancer mortality. They found that a 10%
increase in inflation-adjusted cigarette excise
tax rate led to a 2.5% reduction in the
respiratory cancer mortality rate nationally.
By contrast, no relationship was found be-
tween changes in cigarette excise tax for the
50 states collapsed into 4 regions and mor-
bidity rates of heart attack and stroke in 1970
through 2000 National Hospital Discharge Sur-
vey data.41 In computer simulations based on the
US smoking prevalence estimate of 21% in 2004,
Ahmad and Franz42 estimated that a 40% in-
crease in cigarette price through excise tax
would gain 7 million cumulative life-years and
13 million quality-adjusted life-years for the
entire population.

Strengths and Limitations

In addition to the large size of our population-
based study, strengths included plausible mech-
anisms that might explain how state cigarette
excise tax was likely to translate into peri-
odontitis in nonsmokers. Potential adverse ex-
posures were measured over many years. In
nonsmokers, the time between exposure to a
state’s excise tax and clinical evidence of mod-
erate or severe periodontitis was many years.
By contrast, cigarette sales declined sharply
immediately after a cigarette tax increase. This

was followed by a slight recovery in sales to
a point below the level of sales level before the
price increase.43

Several caveats need to be considered when
interpreting the main findings from this study.
Firstly, because NHANES did not record resi-
dential history, we could not account for
internal migration. This would produce mis-
classification of exposure status for individ-
uals who lived in a state with a different level
of excise tax before the NHANES cycle.
However, nondifferential misclassification
generally biases estimates toward the null,
making our estimates more conservative than
they would otherwise be. Secondly, although our
data predated smoke-free law in the United States,
other tobacco control legislation enacted by
states, such as tobacco advertising bans and
restricted access to minors, were not taken into
account in our statistical modeling. Neither did
we determine whether the effect of low
cigarette sales in high-taxing states was offset
by legal purchases or illegal trafficking from
low-tax jurisdictions. Although tax avoidance
might bias estimates, our finding that study
participants in higher taxing states had lower SHS
exposure indicated that the effect of high tax on
sales was not entirely negated by out-of-state
purchases. Finally, because NHANES did not
measure oral hygiene behavior, we were
unable to adjust for this covariate. However, we
have no reason to believe that oral hygiene was
associated with level of cigarette tax excise.

At first appearance, it was surprising that
prevalence of periodontitis did not vary sig-
nificantly according to serum cotinine concentra-
tion in unadjusted analysis (Table 2). The likely
reason was that this marker of SHS exposure
occurred more frequently in young people
than in older people (Table 1), which means
that the unadjusted results in Table 2 were
confounded toward the null. This was verified
in multivariable modeling that adjusted for
age, showing that SHS exposure was strongly
associated with periodontitis.

In this 6-year period of 3 NHANES cycles,
only 28 states were sampled. This should not
have unduly affected our results because low-,
intermediate-, and high-taxing states were all
represented in our study. Although the cross-
sectional design of this population-based study
disallowed causal inference, the associations
of state cigarette excise tax with cigarette sales,

SHS exposure, and periodontitis in nonsmokers
had biological plausibility and important public
health implications for tobacco control. We found
all examined associations to be in the hypothe-
sized directions, but 1 was nonsignificant—
higher tax was not significantly associated
with lower SHS exposure. The NHANES half-
mouth periodontal examination protocol
severely underestimated prevalence of
periodontitis by 50% or more,44 so esti-
mates of disease among life-time non-
smokers were conservative.

Since 2004, most states have expanded
existing tobacco control activities or initiated
new ones. There is now wider state variation
in cigarette excise tax than during the ob-
servation period of this study. Although
these changes will alter the effect sizes
reported here, they did not alter our finding
that state-regulated tobacco control policy
can influence tobacco sales with effects on
health in the nonsmoking population. j
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