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Abstract

Introduction: The present study examines whether use of machine-estimated high-nicotine/tar-
yield (full-flavor) cigarettes predicts greater risk of nicotine dependence after controlling for the
influence of potential confounding factors in US nationally representative samples.

Methods: Data were obtained from multiple years of the National Survey on Drug Use and Health
(NSDUH). Nicotine dependence was measured by (1) the Nicotine Dependence Syndrome Scale
and (2) latency to first cigarette after waking. Associations between use of high-nicotine/tar-yield
cigarettes and risk for nicotine dependence were examined using multiple logistic regression.
Results: The odds of nicotine dependence were reliably greater among users of high- compared
to lower-nicotine/tar-yield cigarettes even after adjusting for sociodemographic and other smoking
characteristics (Ps < .0001). This relationship was (1) generally graded across differing nicotine/tar-
yield cigarettes, (2) discernible across two definitions of nicotine dependence and multiple NSDUH
survey years, and (3) observed among adult and adolescent smokers.

Conclusion: Use of high-nicotine/tar-yield cigarettes is associated with increased odds of nicotine
dependence, a relationship that has important tobacco regulatory implications. Whether the wide-
spread marketing and availability of high-nicotine/tar-yield cigarettes is increasing risk of nicotine
dependence among US smokers warrants further research.

Implications: This study adds additional empirical evidence to the relation of machine measured
high-yield cigarettes and likelihood of nicotine dependence, and draws some implications in
regards to regulation.

Introduction passage of the Family Smoking Prevention and Tobacco Control Act
Understanding the relationship between nicotine levels in cigarettes (2009) gives the US Food and Drug Administration (FDA) regulatory
and risk for dependence is more important than ever now that authority over nicotine content levels in tobacco products.! While
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the legislation prohibits the FDA from eliminating nicotine com-
pletely, it allows the agency to establish maximal levels. That author-
ity creates the opportunity to eventually require that levels fall below
the threshold necessary to produce nicotine dependence, although
greater understanding of the relationships between nicotine content,
yield, and dependence risk will be necessary to achieve that goal.? In
the present study we examine whether use of commercially available,
machine-estimated high-nicotine/tar-yield (ie, full-flavor) cigarettes
is associated with increased risk of nicotine dependence compared to
lower-nicotine/tar-yield cigarettes in nationally representative sam-
ples of US smokers.

Reviews on smoking of commercially available cigarette brands
with reduced machine-estimated nicotine yields document partial
compensation of approximately 70%, with greater compensation
at intermediate yields compared to lower yields.> Several rigorous
experimental brand-switching studies document that switching from
relatively high-yield usual brand cigarettes (~1.0mg/cigarette) to
yields of 0.2 mg/cigarette and below reliably results in reductions in
plasma nicotine and cotinine levels that are stable over time and
related in an orderly manner to, although still exceeding, machine
estimated yield.** Results from experimental brand switching
between higher- and intermediate-yield cigarettes are less consistent.
Some reports note significant reductions in plasma nicotine/cotinine
levels including graded reductions as a function of estimated yield,*”
while others report no change from levels seen with usual brand
smoking.* Of direct relevance to the present study, Benowitz et al.*
conducted a longitudinal study in which participants were experi-
mentally switched to progressively lower-yield commercial cigarettes
starting with usual brand and reducing in 1-week decrements to
0.9mg, 0.6mg, 0.4mg, 0.2mg, and 0.1 mg yields after which par-
ticipants were allowed to return to smoking their usual brand and
followed for an additional 4 weeks. Nicotine dependence levels were
assessed at baseline, end of taper at week 6, and end of study at week
10, which was 4 weeks after participants were permitted to return to
their usual brand. Dependence levels at week 10 were significantly
lower than at baseline and week 6. Turning to experimental studies
examining research cigarettes with varying nicotine content levels,
significant reductions in nicotine dependence among smokers experi-
mentally assigned to using very low nicotine content cigarettes have
been documented across multiple studies, including among smokers
motivated to quit®’ and those with no current plans to do so.'%1?

Considered together, the results from these experimental stud-
ies across commercial and research cigarettes would suggest
greater biological exposure to nicotine and increased risk of nico-
tine dependence among those who regularly smoke machine-esti-
mated commercial high- versus low-yield cigarettes, with less clear
predictions about those using intermediate-yield brands. Yet, to
our knowledge, there have been no prior studies on this question
reported in nationally representative samples of US smokers. The
purpose of the present study was to examine that possibility. The
National Survey on Drug Use and Health (NSDUH) was utilized
to examine this question because it is a nationally representative
survey, assesses cigarette smoking status in adults and adolescents,
reports type of cigarettes typically smoked, and assesses nicotine
dependence using two different validated measures. We examined
whether odds of nicotine dependence vary in an orderly manner as
a function of varying machine-estimated nicotine/tar yields (ie, dose
dependence), which would be expected if nicotine/tar yield is a direct
contributor to this relationship. We also explored whether any asso-
ciation between use of higher-nicotine/tar-yield cigarettes and risk of

nicotine dependence in adult smokers was also evident in adolescent
smokers, an especially vulnerable age for developing a life-long pat-
tern of cigarette smoking. We also chose to analyze results among
adults and adolescents separately as there are considerable differ-
ences between the two age groups in legal constraints on purchasing
cigarettes, which could potentially influence their ability to purchase
and use their preferred brands.

Methods

Data Source

The NSDUH is a nationally representative survey of the US non-
institutionalized population aged at least 12 years that is designed
to measure prevalence and correlates of drug use, including use of
cigarettes.'? Data were collected from the three most recent datasets
that were available for public use at the time the study was com-
pleted (2011, 2012, and 2013)."'® The primary analysis among
adults was conducted using the most recent available survey year at
the time this study was initiated (2013). In order to test the reliabil-
ity of results from the 2013 NSDUH among adults, analyses were
repeated using the 2012 NSDUH. Analyses were also conducted
with adolescent smokers using data combined across three survey
years (2011-2013) to accommodate the lower prevalence of smok-
ing in that population.

NSDUH recruitment across each of the survey years was com-
pleted using a multistage area probability sample design in which a
predetermined number of participants were randomly recruited by
home address within each state (2011 N = 58 397, 2012 N = 55
268,2013 N = 55 160). Respondents were selected from the civilian
noninstitutionalized population, including group homes, shelters,
and college dormitories. Individuals on active military duty, in drug
treatment programs, in jail, or homeless without residence were not
surveyed per survey design. The sample was weighted and adjusted
to reflect the US population from the 2010 Census. Respondents
completed computer- and audio-assisted structured interviews and
were compensated $30 for completing the interview. The weighted
interview response rate was 74.4%, 73.0%, and 71.7% in the 2011,
2012, and 2013 NSDUH, respectively. A detailed description of sur-
vey procedures has been provided by SAMHSA."?

Cigarette Type

Smokers in the NSDUH indicate characteristics about their ciga-
rette smoking, including the type of cigarette they usually smoke.
Current smokers were asked “During the past 30 days, what type of
cigarettes did you smoke most often?”. Respondents selected one of
four options: Full-flavor, medium, light, or ultra-light. The number
of current smokers (including adolescents and adults) who selected
a cigarette type was 12 285 of 12 549 (97.9%), and 11 659 of 11
950 (97.6%) in the 2012 and 2013 NSDUH, respectively. In the
2011 NSDUH, where only adolescent data were used, 1485 of 1594
(93.1%) of adolescent smokers selected a cigarette type.

Measures of Nicotine Dependence

NSDUH respondents who report current smoking are assessed for
nicotine dependence using two measures. (1) They complete the
Nicotine Dependence Syndrome Scale (NDSS),” which is a 17-ques-
tion validated multidimensional assessment of nicotine dependence
that includes questions of smoking-related mood changes, craving,
feelings of control, and smoking patterns. Each question on the
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NDSS is scored from 1 to 5, with higher scores indicating greater
severity. A respondent is scored as dependent if the average of all
questions is at least 2.75. (2) They also answer the first item on the
Fagerstrom Test for Nicotine Dependence'®: “How soon after wak-
ing do you smoke your first cigarette?” Respondents who report
smoking within 30 minutes after waking are considered nicotine
dependent. Through the remainder of this report this item is referred
to as “Time-to-1*-cigarette.”

Statistical Methods

Descriptive statistics and simple and multiple logistic regression
analyses were conducted to estimate the relationship between the
nicotine/tar yield of cigarettes usually smoked and nicotine depend-
ence controlling for the potentially confounding influence of soci-
odemographic characteristics and other smoking characteristics.
Nicotine yield was categorized as full-flavor, medium, light, and
ultra-light. While full-flavor cigarettes are the reference category for
all analyses, results are reported as the reciprocal of the original odds
ratio (OR), thus allowing comparison of the odds of smoking full-
flavor cigarettes to the odds of smoking each of the other categories
of cigarettes. Nicotine dependence was measured using the NDSS
and Time-to-1%-cigarette. Age at first cigarette and number of ciga-
rettes smoked per day were measured in a continuous fashion. Age
was coded into 17 categories (ie, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22-23, 24-25, 26-29, 30-34, 35-49, 5064, >65) as defined in
the public release codebook,'* and considered as an ordinal variable
in all models. Marital status was coded as married versus unmarried,
with the latter category including never married, divorced and wid-
owed. Race was dichotomized as non-Hispanic white versus other.
Educational attainment was used as the marker of socioeconomic
status, as is common in studies of socioeconomic health and other
disparities,'?° and coded into four categories: less than high school,
high school, some college, and college graduate, with college gradu-
ate as the reference category. Respondents were considered unem-
ployed if they were not employed and actively looking for work;
those working full- or part-time, volunteering, disabled, keeping a
house, retired, in school or not having a job for some other reason
were considered as other. Analyses for adults were limited to those
reporting their age as 18 years or older, while adolescent analyses
were restricted to those 12-17 years old. Age groups (adults and
adolescents) in the present study were separated by the ability to
legally purchase cigarettes (< and 218 years of age). Analyses with
adolescents were not adjusted for educational attainment, marital
status, or unemployment. Variables that were significantly (P < .05)
associated with nicotine dependence in simple logistic regression

analyses were included in subsequent multiple logistic regression
models. Variables that were not statistically significant in the mul-
tiple logistic regression models were dropped from the final model
(except for core demographic variables, which were always retained,
including age, sex, race, and education).

The statistical software STATA, version 13.1 was used for all
analyses, and all analyses took the complex sampling design of the
survey into consideration. The weight, stratum, and probability sam-
pling unit variables were provided by NSDUH. Standard errors were
computed using the Jackknife repeated replication method. ORs and
95% confidence intervals (Cls) are reported, with statistical signifi-
cance set to P < .0S.

Results

Smoking Characteristics of Study Samples

Prevalence of current cigarette smoking among adults in the 2013 sur-
vey was 22.8%, with 43.8% reporting use of full-flavor, 9.4% medium,
38.6% light, and 8.1% ultra-light cigarettes. In the 2012 survey, preva-
lence of current smoking was 23.8%, with 44.3% reporting use of
full-flavor, 8.1% medium, 38.1% light, and 9.5% ultra-light cigarettes.
Prevalence of nicotine dependence was 37.6% and 47.9% across the
NDSS and Time-to-1%-cigarette (<30 minutes) dependence measures,
respectively, in the 2013 survey and 39.9% and 48.0% in the 2012 survey.

Smoking prevalence in the combined 2011-2013 survey years
examined with adolescent smokers was 6.7 %, with 48.3% of smok-
ers reporting use of full-flavor, 15.2% medium, 31.4% light, and
5.1% ultra-light cigarettes. Prevalence of nicotine dependence was
19.9% and 27.5% across the NDSS and Time-to-1*-cigarette (<30
minutes) measures, respectively.

Among adults prevalence of nicotine dependence varied by ciga-
rette type, with the highest levels of nicotine dependence being seen
among users of full-flavor cigarettes in both the 2013 and 2012
NSDUH (Table 1, left two panels). Prevalence of nicotine depend-
ence also varied by cigarette type among adolescents across both
measures of nicotine dependence. Consistent with the pattern
observed in adults, the highest level of dependence was seen among
users of full-flavor cigarettes (Table 1, right panel).

Adjusted Models of Use of Full-Flavor Cigarettes and
Odds of Nicotine Dependence in the General Adult
Smoker Population

Odds of nicotine dependence was elevated among those using full-
flavor versus other cigarette types in the 2013 survey even after

Table 1. Prevalence of Nicotine Dependence (NDSS and Time-to-1%-Cigarette) by Cigarette Type Among Adults and Adolescents (2011-

2013 National Survey of Drug Use and Health [NSDUH])

Adults, 2013 NSDUH (2 = 10 361)

Adults, 2012 NSDUH (z = 11 092)

Adolescents, 2011-2013 NSDUH
(n=3682)

Time-to-1%-cigarette

Time-to-1%-cigarette Time-to-1%-cigarette

NDSS (%) (<30min) (%) NDSS (%) (<30min) (%) NDSS (%) (<30min) (%)
Cigarette type
Full-flavor 46.4 58.8 47.7 59.0 322 41.8
Medium 31.1 40.8 40.1 45.9 18.5 18.4
Light 31.1 38.9 322 38.3 8.7 18.0
Ultra-light 32.8 43.7 37.5 40.4 4.7 10.8

NDSS = Nicotine Dependence Syndrome Scale.
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controlling for the potential confounding influence of sociodemo-
graphic characteristics and other smoking characteristics (Table 2).
The odds of dependence across cigarette types examined in the
adjusted model varied in a relatively graded manner corresponding
to increasing estimated nicotine/tar yield (Table 2). While the point
estimates were graded, there was overlap in Cls across the different
nicotine/tar-yield cigarette types.

Similar results were noted in the 2012 survey year (Table 3),
although the graded nature of the relationship with the NDSS was
somewhat less in 2012 than in the 2013. The only significant increase
in odds of nicotine dependence noted in 2012 using the NDSS meas-
ure was in comparing full-flavor to light cigarettes (AOR = 1.70,
CI = 1.43-2.01). When classifying dependence in the 2012 survey
using the Time-to-1%-cigarette measure, however, the relationship
remained graded as in the 2013 survey (P < .0001). Again, there
was overlap in Cls around the point estimates across the different
cigarette types.

Other reliable predictors of nicotine dependence in the final
multivariate regression models included age of first cigarette, ciga-
rettes per day, sex, and education across the NDSS and Time-to-1%-
cigarette measures in the 2013 and 2012 survey years (Tables 2 and
3, respectively).

Adjusted Models of Use of Full-Flavor Cigarettes
and Odds of Nicotine Dependence in Adolescent
Smokers
Use of full-flavor cigarettes was associated with increased odds
of nicotine dependence even after controlling for potential con-
founds among adolescents (Table 4) consistent with the associa-
tions observed among adults (Tables 2 and 3). This same association
was noted using both measures of nicotine dependence although in
a less graded manner with the Time-to-1*-cigarette than the NDSS
dependence measure.

Other significant predictors of nicotine dependence in the final
multivariate regression model among adolescents included age of

Table 2. Likelihood of Nicotine Dependence by Cigarette Type in Adults

(NSDUH; n =10 832)

first cigarette and cigarettes per day across the NDSS and Time-
to-1%-cigarette measures (Table 4). None of the sociodemographic
characteristics examined in adolescents were consistently related to
nicotine dependence.

Discussion

The results from the present study support our hypothesis of
increased odds of nicotine dependence among users of high-yield or
full-flavor commercial cigarettes compared to cigarettes with lower
machine-estimated nicotine/tar yields. Indeed, the odds of nico-
tine dependence appear to increase in a graded or dose-dependent
manner corresponding to increasing machine-estimated nicotine/
tar yields consistent with patterns of biological exposure reported
in experimental studies of brand-switching between high- to low-
yield commercial cigarettes.®” Importantly, this association remains
significant even after controlling for the potentially confounding
influences of other smoking and sociodemographic characteristics
including the number of cigarettes smoked per day. This relation-
ship was observed across two different measures of nicotine depend-
ence and across two survey years among adults demonstrating its
reliability. The relationship was also evident across two definitions
of dependence among adolescent smokers suggesting that the rela-
tionship is discernible despite legal restrictions against purchasing
cigarettes among adolescents and thus certainly of relevance to this
especially vulnerable sub-population of smokers. The relatively large
difference in prevalence of dependence between users of full-flavor
and ultra-light cigarettes noted among adolescents is particularly
striking.

While the graded relationship in the point estimates around
the odds of nicotine dependence corresponding to cigarette type
is consistent with a direct contribution of nicotine/tar yield to the
increased odds of dependence, the present cross-sectional survey
study cannot support causal inferences. That limitation notwith-
standing, it is important to underscore the consistency between these
survey results and those from the experimental literature discussed

(>18 years) in the 2013 National Survey on Drug Use and Health

NDSS Time-to-1-cigarette
AOR 95% CI P AOR 95% CI P

Cigarette type <.0001 <.0001

FF vs. medium 1.41 1.06,1.88 1.45 1.09,1.93

FF vs. light 1.54 1.29,1.84 1.93 1.60,2.33

FF vs. ultralight 2.01 1.36,2.95 2.18 1.62,2.93
Age of first cigarette 0.94 0.92,0.97 <.0001 0.97 0.95,0.99 .001
Cigarettes per day 1.13 1.11,1.14 <.0001 1.14 1.12,1.15 <.0001
Age 1.01 0.97,1.05 55 1.14 1.10,1.18 <.0001
Male 0.68 0.58,0.80 <.0001 0.81 0.69,0.95 .01
Married 0.83 0.71,0.98 .03
Non-Hispanic white 1.11 0.92,1.34 .28 1.04 0.85,1.27 .70
Education <.0001 <.0001

Some college 1.57 1.21,2.03 1.29 0.98,1.70

High school grad 1.91 1.50,2.43 1.86 1.41,2.45

Less than HS 1.92 1.42,2.61 2.06 1.52,2.80
Unemployment 1.49 1.18,1.88 .001 1.31 1.03,1.66 .03

AOR = adjusted odds ratio; CI = confidence interval; FF = Full-flavor cigarettes; HS = high school; NDSS = Nicotine Dependence Syndrome Scale. Bold = signifi-
cant. Final model multiple logistic regressions with cigarette type, smoking characteristics and sociodemographics predicting nicotine dependence based on the

Nicotine Dependence Syndrome Scale and Time-to-1*-cigarette. Odds ratios represent an increased (>1) or decreased (<1) likelihood of dependence.
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Table 3. Likelihood of Nicotine Dependence by Cigarette Type in Adults (>18 years) in the 2012 National Survey on Drug Use and Health

(NSDUH; n =11 054)

NDSS Time-to-1*-cigarette
AOR 95% CI P AOR 95% CI P

Cigarette type <.0001 <.0001

FF vs. medium 1.07 0.82,1.39 1.42 1.12,1.80

FF vs. light 1.70 1.43,2.01 2.08 1.76,2.47

FF vs. ultralight 1.39 0.90,2.17 2.33 1.57,3.45
Age of first cigarette 0.96 0.94,0.98 <.0001 0.97 0.95,0.99 .01
Cigarettes per day 1.14 1.13,1.16 <.0001 1.13 1.12,1.15 <.0001
Age 1.01 0.98,1.05 45 1.13 1.09,1.17 <.0001
Male 0.73 0.62,0.87 .001 0.69 0.60, 0.79 <.0001
Non-Hispanic white 1.26 1.02,1.55 .03 0.95 0.77,1.17 .61
Education <.0001 <.0001

Some college 1.47 1.12,1.92 1.46 1.10,1.93

High school grad 1.72 1.29,2.30 2.26 1.74,2.93

Less than HS 2.43 1.73, 3.40 2.98 2.27,3.91
Unemployment 1.41 1.13,1.77 .003

AOR = adjusted odds ratio; CI = confidence interval; FF = full-flavor cigarettes; HS = high school; NDSS = Nicotine Dependence Syndrome Scale. Bold = signifi-
cant. Final model multiple logistic regressions with cigarette type, smoking characteristics and sociodemographics predicting nicotine dependence based on the

Nicotine Dependence Syndrome Scale and Time-to-1*-cigarette. Odds ratios represent an increased (>1) or decreased (<1) likelihood of dependence.

Table 4. Likelihood of Nicotine Dependence by Cigarette Type in Adolescents (12-17 years) in the 2011-2013 National Survey on Drug Use

and Health (NSDUH; n = 3682)

NDSS Time-to-1%-cigarette
AOR 95% CI P AOR 95% CI P

Cigarette type <.0001 <.0001

FF vs. medium 1.45 1.05,2.00 2.51 1.82,3.45

FF vs. light 2.81 1.91,4.15 1.92 1.48,2.48

FF vs. ultralight 4.00 1.76,9.11 2.93 1.50,5.74
Age of first cigarette 0.87 0.83,0.92 <.0001 0.93 0.89,0.97 .002
Cigarettes per day 1.24 1.18,1.31 <.0001 1.22 1.18,1.27 <.0001
Age 1.12 0.99,1.27 .08 1.06 0.95,1.19 27
Male 0.71 0.57,0.89 .004 1.05 0.85,1.30 .65
Non-Hispanic white 1.19 0.87,1.62 .26 0.99 0.74,1.33 95

AOR = adjusted odds ratio; CI = confidence interval; FF = full-flavor cigarettes; NDSS = Nicotine Dependence Syndrome Scale. Bold = significant. Final model

multiple logistic regressions with cigarette type, smoking characteristics and sociodemographics predicting nicotine dependence based on the Nicotine Dependence

Syndrome Scale and Time-to-1%-cigarette. Odds ratios represent an increased (>1) or decreased (<1) likelihood of dependence.

in the Introduction to this report demonstrating that switching from
higher-yield commercial or high nicotine content research cigarettes
to very low yield or content cigarettes decreases biological exposure
levels and nicotine dependence.*¢71°12 Thus it seems likely that at
least some portion of the variance in the odds of nicotine dependence
observed between users of full-flavor versus ultra-light commercial
cigarettes in the present study is due to the differences in nicotine/
tar yield of those cigarettes. Considering that the odds of dependence
associated with use of the medium and light brands in the present
study fall between those two extremes to form what appears to be a
graded dose-effect function further bolsters the possibility of a direct
contribution of the differing nicotine/tar yields of these cigarettes to
the observed differences in risk for nicotine dependence. There is no
way to dissociate the contributions of reduced exposure to nicotine
versus tar in the present results, but there is at least one experimental
study that demonstrated reductions in nicotine dependence among
smokers switched to very low nicotine content cigarettes independ-
ent of whether cigarette tar levels were relatively high or low.

In terms of a potential mechanism for why high-nicotine/tar-yield
brands would have greater dependence risk, the most parsimonious
explanation would be differences in the relative reinforcing value of
the cigarettes related to their differing nicotine yields. While smok-
ers compensate when using lower-nicotine-yield cigarettes, the level
of compensation is often partial especially when yield differences
are large and thus represents a lower-reinforcement magnitude per
cigarette relative to the higher-yield cigarettes.* A related factor is
that compensation requires more effort to obtain the same level of
nicotine. That is, smokers must modify their typical smoking pat-
tern either by smoking more cigarettes, or changing smoking topog-
raphy by increasing puff number, increasing puff volume, inhaling
differently, blocking the filter vents, or some combination of these
when smoking lower- compared to higher-yield cigarettes.?! These
increases in response effort to acquire the same level of nicotine may
be functionally equivalent to increasing the unit price of the nicotine,
which is well known to impact the reinforcing effects of nicotine and
other drugs.?>?
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There are at least two alternative accounts for the present results
that cannot be ruled out based on the data available in the pre-
sent study. Rather than high nicotine yields increasing the odds of
dependence, smokers who develop nicotine dependence may switch
brands to higher nicotine/tar yields in order to more effectively avoid
withdrawal or switch to lower yields to reduce the severity of their
dependence. Brand switching is certainly common among regular
cigarette smokers and longitudinal studies of smoking in naturalistic
settings have shown that brand switching to higher- and lower-yield
commercial cigarettes is associated with changes in biological expo-
sure levels.?*?S Still another possibility is that a third variable (eg,
individual differences in health consciousness or delay discounting)
is responsible for both the increased risk for preferring high-yield
cigarettes and for developing nicotine dependence. We know that
individual differences in characteristics such as delay discounting are
associated with differences in risk for cigarette smoking as well as
consumption of other drug reinforcers.?* One can envision where
such differences might also increase vulnerability to the different
advertising and other messaging associated with the different yield
commercial cigarettes although we do not know of any such evi-
dence. What also must be considered, of course, is that some com-
bination of these different directions of causality is responsible for
the present results.

There is little question that nicotine dependence is a well estab-
lished and serious adverse effect of cigarette smoking that as the
present results demonstrate is present in almost half of current adult
and one-third or more adolescent cigarette smokers depending on
the measure used. Nicotine dependence is associated with numerous
adverse outcomes, including greater difficulties initiating and sus-
taining abstinence.'”?*?” As such, the findings of the present study
when considered in combination with the experimental studies on
this topic have potentially important regulatory implications regard-
ing nicotine levels in cigarettes. The present study provides evidence
that use of the highest-yield, or full-flavor, cigarettes is associated
with several-fold greater odds of dependence compared to relatively
lower-yield cigarettes. The dose-dependent nature of this association
suggests, although certainly does not prove, a causal relationship.
Should evidence along these lines continue to accumulate a regula-
tion that reduces nicotine in cigarettes below levels currently avail-
able in commercial full-flavor cigarettes should be considered. Such
a regulation has the potential to reduce the prevalence of nicotine
dependence in adult and adolescent US smokers, especially when
levels are at those in commercially available ultra-light cigarettes.
Important to underscore, however, is that turning to currently avail-
able low-nicotine-yield cigarettes as alternatives to full-flavor ciga-
rettes in order to lower dependence risk is not a viable option. While
doing so would likely reduce the odds of nicotine dependence, there
is also abundant evidence indicating that it will be associated with
sufficient compensatory smoking to neutralize any benefits in terms
of protection against smoking-related morbidity and mortality.?®
A key contributor to this problem appears to be that commercially
available lower-yield cigarettes typically have the same nicotine con-
tent as their higher-yield counterparts, with the reductions in yield
being achieved through filter efficiency, air dilution through ventila-
tion, decreased tobacco density, or by decreasing the available length
of the tobacco column?' Even though compensation is often only
partial, it nevertheless appears to be sufficient to sustain compen-
satory smoking and attendant adverse health consequences. What
appears to be a more promising alternative is a policy that reduces
nicotine yield in cigarettes by reducing the nicotine content of the

cigarette to very low levels.”” Results from experimental studies
using research cigarettes suggests that lowering the nicotine content
of the cigarette to levels of 1.0mg/g or below can reduce nicotine
dependence with minimal increases in compensatory smoking and
attendant increases in biological exposure to smoking-related tox-
ins.>11?° That would appear to be the direction that tobacco regula-
tors may want to consider.

The limitations of the cross-sectional survey used in the present
study notwithstanding, the results provide new epidemiological evi-
dence for the FDA to consider in combination with the experimental
research discussed above in deliberations around whether to set an
upper limit on nicotine content levels in commercial cigarettes mar-
keted in the United States. They also provide a strong empirical ration-
ale for additional research to enhance scientific understanding of the
influence of nicotine yield in cigarettes on risk for nicotine dependence.
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