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Abstract

The present study examined full-flavor cigarette use among women of reproductive age to assess
whether use is associated with greater nicotine dependence and smoking during pregnancy. We
used data from the National Survey on Drug Use and Health (2005-2014). Consecutive years were
combined to assure sufficient numbers of pregnant women. We examined whether use of full-
flavor cigarettes was associated with greater odds of nicotine dependence using the Fagerstrom
Test for Nicotine Dependence and Nicotine Dependence Syndrome Scale (NDSS), controlling for
other smoking characteristics. We next compared prevalence of smoking and use of full-flavor
versus lower-yield cigarettes among non-pregnant versus pregnant women and across trimesters.
Lastly, we examined whether pregnancy was associated with greater odds of using full-flavor
cigarettes after controlling for potential confounders. Use of full-flavor cigarettes was associated
with greater adjusted odds of nicotine dependence compared to lower yields among non-pregnant
(Fagerstrom: 2.50, 95% CI: 2.32,2.70; NDSS: 1.75, 95% CI: 1.62,1.88) and pregnant (Fagerstrom:
1.53, 95% ClI: 1.13,2.05; NDSS: 1.53, 95% CI: 1.12,2.10) smokers. As smoking prevalence
decreased among pregnant compared to non-pregnant women (14.31 + 0.55% versus 22.73

+ 0.17%), prevalence of using full-flavor cigarettes increased (54.82 + 1.63% versus 38.86

+ 0.35%). Similarly, as smoking prevalence decreased from 1st to 3rd trimester (19.65 + 1.2%,
12.50 + 0.84%, 11.3 + 0.83%), prevalence of using full-flavor cigarettes increased (53.12 £ 2.53%,
50.57 + 2.92%, 63.63 + 3.19%). Overall, pregnancy was associated with 1.43 (95% CI: 1.22, 1.68)
greater adjusted odds of full-flavor cigarette use. These results indicate that users of full-flavor
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cigarettes have greater nicotine-dependence risk and lower likelihood of quitting smoking during
pregnancy, relationships with potential for serious adverse maternal-infant health impacts.
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The 2009 Tobacco Control Act gives the U.S. Food and Drug Administration (FDA)
regulatory authority over nicotine content levels in tobacco products (Family Smoking
Prevention and Tobacco Control Act, 2009). This legislation grants the FDA authority to
reduce although not eliminate nicotine levels in cigarettes if doing so protects public health.
That authority is important because it creates the opportunity to eventually require that
nicotine exposure levels from cigarettes fall below the threshold necessary to produce
nicotine dependence, hence making it easier for current smokers to successfully quit if they
choose to do so and preventing the development of dependence and chronic smoking among
those newly initiated to cigarette smoking (Benowitz and Henningfield, 1994; Donny et al.,
2015). This context underscores the importance of expanding scientific knowledge regarding
the behavioral and health impacts of using cigarettes that vary in nicotine content and yield.

The present study was conducted to systematically extend two recent reports machine-
estimated higher nicotine/tar yield (i.e., regular full-flavor) cigarettes. The first demonstrated
that use of full-flavor cigarettes is associated with increased risk of nicotine dependence
compared to lower nicotine/tar yield (light) cigarettes in nationally representative samples of
adolescent and adult U.S. smokers (Redner et al., 2016). The second demonstrated that use
of full-flavor cigarettes is overrepresented in populations that are especially vulnerable to
smoking, and associated with increased odds of nicotine dependence within each of these
vulnerable populations (Higgins et al., 2016a).

Important to clarify is that commercial higher and lower nicotine/tar yield cigarettes have the
same nicotine content. The lower yield cigarettes are engineered through ventilation and
other design features to dilute the smoke and reduce nicotine and tar exposures compared to
the higher yield cigarettes. There is broad scientific consensus that users of lower yield
cigarettes commonly engage in compensatory smoking by blocking the ventilation holes or
altering their smoking topography in order to achieve desired nicotine blood levels thereby
undermining the goal of reducing health impacts by lowering toxin exposure (Kozlowski et
al., 2001). However, less well recognized is that compensatory smoking is typically partial
with regard to nicotine exposure, typically about 75% (Scherer and Lee, 2014). The
evidence from the studies mentioned above suggest that this average 25% difference in
nicotine exposure levels between higher and lower yield cigarettes in nicotine exposure
levels may be sufficient to result in differences in nicotine-dependence risk, which is
concerning as nicotine dependence is considered to be a major contributor to the emergence
and persistence of chronic smoking and difficulties quitting (Shiffman et al., 2004; U.S.
Department of Health and Human Services, 1988; U.S. Department of Health and Human
Services, 2014).
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The purpose of the present study is to examine whether use of these higher yield or full-
flavor cigarettes is associated with increased risk of nicotine dependence in pregnant
smokers (Higgins et al., 2016a; Redner et al., 2016). Pregnant smokers are highly vulnerable
to serious adverse maternal and infant health impacts from smoking (Cnattingius, 2004;
Dietz et al., 2010). Of even greater interest is whether use of full-flavor cigarettes is
overrepresented among (2) pregnant compared to non-pregnant smokers and (b) women in
late compared to early pregnancy suggesting a lower likelihood of quitting among users of
full-flavor cigarettes. It is well established that the overall prevalence of smoking decreases
among pregnant compared to non-pregnant women as many quit smoking upon learning of a
pregnancy (Heil et al., 2014; Solomon and Quinn, 2004; Tong et al., 2013). Hence, if
prevalence of using full-flavor cigarettes is greater among pregnant compared to non-
pregnant female smokers of reproductive age, it would suggest that women using full-flavor
cigarettes may be less likely to quit smoking upon learning of a pregnancy. Similarly, overall
smoking prevalence decreases during the course of pregnancy with the lowest prevalence
seen in the third trimester (Alshaarawy and Anthony, 2015). If prevalence of using full-
flavor cigarettes is greater among smokers who are later compared to earlier in the course of
pregnancy, that too would suggest that women using full-flavor cigarettes may be less likely
to quit smoking during pregnancy. Use of full-flavor cigarettes is associated with certain
characteristics that also predict a lower likelihood of quitting during pregnancy such as
lower educational attainment, poverty, and co-morbid other substance use disorders. Thus,
we examined whether use of full-flavor cigarettes was overrepresented among pregnant
smokers after controlling for these other characteristics as well as cigarettes smoked per day
and age of smoking initiation.

1.1. Data source

The National Survey on Drug Use and Health (NSDUH) is a nationally representative survey
of the U.S. non-institutionalized population aged = 12 years that measures prevalence and
correlates of drug use. Detailed descriptions of survey procedures have been provided for
each of the survey years (Center for Behavioral Health Statistics and Quality, 2014). We
used the most recent ten (2005-2014) years at the time the study analyses were conducted
and opted to combine across survey years for purposes of having a sufficient number of
preghant women to compare prevalence of smoking and use of full-flavor versus lower-yield
cigarettes among non-pregnant versus pregnant women and by trimester within pregnancy
(Substance Abuse and Mental Health Services Administration, 2006, 2007, 2008, 2009,
2010, 2011, 2012, 2013, 2014, 2015). Across each of the survey years, NSDUH recruitment
was completed using a multistage area probability sample design in which a predetermined
number of participants were randomly recruited by address within each state. Respondents
completed computer- and audio-assisted structured interviews. Respondents were selected
from the civilian non-institutionalized population, including group homes, shelters, and
college dormitories. Individuals on active military duty, in residential drug treatment
programs, in jail, or homeless without residence were excluded. The present study included
199,784 females of reproductive age (15-44), including 43,432 current smokers, 1671 of
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whom were pregnant. Data were weighted during analysis to adjust for the differential
probability of both selection and response.

Current smoker status was defined as smoking all or part of a cigarette within the 30 days
preceding the interview and at least 100 cigarettes lifetime. Number of cigarettes smoked per
day was collected as a categorical variable, ranging from less than one to >35 (7 levels), and
age of smoking initiation was a recorded as a continuous variable. Respondents indicated
whether they were pregnant (yes/no) and the trimester of their pregnancy. The NSDUH asks
current smokers the first item on the Fagerstrom Test for Nicotine Dependence regarding
how soon after waking soon they smoke their first cigarette, with those who report smoking
within 30 min classified as nicotine dependent. The NSDUH also has smokers complete the
Nicotine Dependence Syndrome Scale (NDSS). Use of full-flavor cigarettes has been
associated with increased odds of nicotine dependence across both measures of dependence
in prior studies (Higgins et al., 2016a; Redner et al., 2016). Both were included in the
present study. Educational attainment was defined as less than high school, high school only,
some college, or a 4-year college degree or more. Poverty status (living below or at/above
the federal poverty line) was defined using poverty thresholds published by the U.S. Census
Bureau. The six racial/ethnic categories used in the survey were mutually exclusive. Persons
identified as Hispanic might be of any race while persons identified as White, Black, Asian,
American Indian/Alaska Native, or Other were all non-Hispanic. The category “Other”
included Native Hawaiians or Other Pacific Islanders and individuals endorsing two or more
races. Any mental illness was defined as having a mental, behavioral, or emotional disorder
in the past 12 months, excluding developmental or substance use disorders. Past year alcohol
and illicit drug abuse/dependence diagnoses were also based on DSM-IV criteria.

1.2. Cigarette type

Smokers in the NSDUH were asked to indicate the type of cigarette they usually smoke.
More specifically, they 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. For purposes of the present project, responses were dichotomized into use of full-
flavor versus other (i.e., medium, light, and ultra-light), as has been done previously
(Higgins et al., 2016a). Doing so keeps the focus on the cigarette type associated with the
greatest risk for nicotine dependence (Redner et al., 2016) and limits the number of
independent variables examined in statistical modeling thereby reducing risk of type 1 error.

1.3. Statistical methods

After combining data from 2005 through 2014 and dividing the person-level sample weight
by 10, data were limited to women between the ages of 15 and 44 who were current
smokers. Sample-adjusted frequencies and 95% confidence intervals (CIs) were generated
across all respondents. Variables of interest for examining risk for nicotine dependence were
based on prior studies on this topic (Higgins et al., 2016a; Redner et al., 2016). Variable of
interest for examining predictors of full-flavor cigarette use were based on previously
identified socioeconomic and sociodemographic independent predictors of cigarette smoking
generally (Higgins et al., 2016b) and using full-flavor cigarettes specifically (Higgins et al.,
2016a), including educational attainment, poverty status, age, sex, race/ethnicity, alcohol
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abuse/dependence, and illicit drug abuse/dependence. Pregnancy status and trimester of
pregnancy were also included as predictors based on the specific purposes of the present
study.

Associations of these risk factors with preference for full-flavor versus lower-yield cigarettes
were examined. For each risk factor, weighted, univariate logistic regression was used to
determine which variables would be included in subsequent multivariable models. Multiple
logistic regression was then used to examine whether odds of nicotine dependence was
greater among pregnant than non-pregnant women after controlling for cigarettes smoked
per day and age of smoking initiation. Multiple logistic regression was also used to analyze
preference for full-flavor cigarettes, using all variables from univariate logistic regression
that significantly predicted full-flavor preference, while controlling for cigarettes per day
and age of smoking initiation. PROC SURVEYLOGISTIC in SAS (SAS Institute, Cary, NC)
was used to conduct these analyses. Variances were estimated using Taylor series
linearization. Odds ratios (with 95% CIs) were generated. Across all tests, statistical
significance was defined as p < 0.05 (2-tailed).

2.1. Multiple regression modeling of nicotine dependence

Adjusted odds of nicotine dependence were greater among users of full-flavor compared to
lower-yield cigarettes across both measures of nicotine dependence and subgroups of
smokers: pregnant smokers (Fagerstrom: 1.53, 95% CI: 1.13, 2.05; NDSS: 1.53, 95% CI:
1.12, 2.10) and non-pregnant smokers (2.50, 95% ClI: 2.32, 2.70; NDSS: 1.75, 95% ClI: 1.62,
1.88).

2.2. Prevalence of smoking and use of full-flavor cigarettes

Smoking prevalence was lower among pregnant than non-pregnant women, with 14.31%
(95% ClI: 13.24, 15.42) and 22.73% (95% CI: 22.38, 23.07) of pregnant and non-pregnant
women categorized as current smokers, respectively. By contrast, prevalence of using full-
flavor cigarettes was greater among pregnant compared to non-pregnant women, with
54.82% (95% CI: 51.58, 58.05) and 38.86% (38.17, 39.55) of pregnant and non-pregnant
categorized as full-flavor cigarette users, respectively (Fig. 1).

Smoking prevalence also decreased across trimesters, with 19.65% (95% CI: 17.35, 21.95),
12.50% (95% CI: 10.84, 14.17), and 11.13% (95% CI: 9.48, 12.78) of women in their first,
second, and third trimesters of pregnancy categorized as smokers, respectively. Prevalence of
using full-flavor cigarettes among smokers in the first and second trimesters was 53.12%
(95% ClI: 48.12, 58.13) and 50.57% (44.78, 56.36), respectively, each well above levels seen
among non-pregnant smokers, and increased further to 63.63% (95% CI: 57.31, 69.96) in the
third trimester, which was the maximal level observed in the study (Fig. 2).

2.3. Multiple logistic regression modeling of full-flavor use

Collapsing across trimesters, pregnant smokers had 1.43 (95% Cl: 1.22, 1.68) times greater
adjusted odds of using full-flavor cigarettes than non-pregnant smokers (Table 1). Other
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characteristics associated with greater odds of full-flavor use were younger age, less than a

college education, non-Asian race/ethnicity, annual income below the federal poverty level,
past year drug abuse or dependence, heavier smoking, and earlier age of smoking initiation.
The characteristic examined that was not associated with increased odds of using full-flavor
cigarettes was past year alcohol abuse, which predicted lower risk.

3. Discussion

The present study replicates the results of prior studies demonstrating increased odds of
nicotine dependence among users of full-flavor compared to lower yield cigarettes in the
general population and socioeconomically disadvantaged and other vulnerable populations
of smokers and extends them to pregnant women. The present study also provides evidence
that using full-flavor cigarettes is associated with continuing to smoke during pregnancy.
That is, the pattern of results observed in the present study where the proportion of women
using full-flavor cigarettes increased among pregnant compared to non-pregnant women as
the prevalence of smoking decreased in those two groups is consistent with users of the
higher yield cigarettes being less likely to quit smoking during pregnancy. Seeing the same
pattern where the proportion of women using full-flavor cigarettes increased as prevalence
of smoking decreased between those late compared to early in pregnancy further suggests
that those using higher estimated yield cigarettes are not quitting during pregnancy at the
same rate as those using lower estimated yield brands. The results from the multivariate
model indicate that this overrepresentation of full-flavor cigarette use during pregnancy is
independent of other socio-demographics, psychiatric characteristics, or smoking
characteristics known to be associated with using full-flavor cigarettes (Higgins et al.,
2016a) as well as smoking during pregnancy (Kurti et al., 2017)—younger age, lower
educational attainment, race/ethnicity, poverty, drug use disorders, heavier smoking, and
early smoking initiation.

This pattern of results is also consistent with the possibility that use of full-flavor cigarettes
may directly undermine efforts to quit smoking. Use of full-flavor cigarettes is associated
with increased risk of nicotine dependence in the present and prior studies, which is a well-
established predictor of greater difficulties quitting smoking (Shiffman et al., 2004; U.S.
Department of Health and Human Services, 1988; U.S. Department of Health and Human
Services, 2014). So there is a plausible mechanism by which use of full-flavor cigarettes
could undermine quitting. Alternatively, of course, there is the logical possibility that this
association between use of full-flavor cigarettes and pregnancy is attributable to women who
use lower estimated yield cigarettes switching to full-flavor cigarettes upon learning of a
pregnancy. Although there is nothing in this cross-sectional observational study that can rule
out that possibility, we know of no evidence of pregnant women taking steps that might
increase nicotine exposure levels upon learning of a pregnancy aside from possibly using
nicotine replacement therapy or more recently e-cigarettes in efforts to quit smoking
(Chivers et al., 2016). Instead, the literature on cigarette smoking during pregnancy indicates
that the majority of women quit or at least reduce their smoking upon learning of a
pregnancy while a small minority maintain pre-pregnancy smoking practices (e.g., Heil et
al., 2014). So while logically possible, that pathway seems highly unlikely based on current
knowledge about smoking during pregnancy. Despite our efforts to control for confounding,
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there is also the possibility that a third variable(s), such as a lower level of health-related risk
aversion, for example, might increase both the likelihood of using full-flavor cigarettes and
continuing to smoke during pregnancy. We do not know of any such evidence but again it
cannot be ruled out based on the data in this study. We know that risk for being a smoker
among women of reproductive age is associated with impulsive decision-making (Chivers et
al., 2016) and thus it seems plausible that some such bias in decision-making could
potentially increase risk for using higher nicotine-yield cigarettes and being less sensitive to
the risks of smoking during pregnancy. Also possible is a combined effect of full-flavor
cigarette use directly undermining quitting via greater nicotine dependence and the influence
of some third variable. Prospective observational and experimental studies examining
cigarette type and likelihood of quitting during pregnancy should be helpful in parsing out
some of these possibilities.

In terms of tobacco control and regulatory implications, the present study provides strong
evidence from nationally representative samples that use of full-flavor cigarettes is
associated with increased odds of nicotine dependence and a lower likelihood of quitting
smoking during pregnancy. The literature on use of full-flavor compared to lower estimated
yield cigarettes indicates that on average use of the former is associated with approximately
25% greater nicotine exposure (Scherer and Lee, 2014). Considering that nicotine is a well-
documented neuro-toxin and contributor to other adverse developmental effects of maternal
cigarette smoking (England et al., 2017), there is little question that this association of full-
flavor cigarette use and smoking in pregnancy has the potential for serious adverse public
health impacts. Efforts to reduce use of full-flavor cigarettes among pregnant women are
certainly warranted. Perhaps use of full-flavor cigarettes should be an indicator for providing
financial incentives or some other more intensive cessation intervention (Chamberlain et al.,
2017; Higgins and Solomon, 2016). At first blush, recommending lower machine-estimated
yield cigarettes may appear to represent a viable alternative in terms of being associated with
a lower likelihood of dependence and greater likelihood of quitting during pregnancy, but the
concern is that should pregnant women who use those products engage in compensatory
smoking involving greater puff volume, deeper inhalation, or increased smoking rates, it
could increase risk for other serious adverse developmental impacts and pregnancy
complications related to increased exposure to carbon monoxide or other toxins. So there is
no obviously safer combusted substitute to recommend for pregnant women at this time.
However, taking a longer-term view, the present results, in combination with those reported
previously on full-flavor cigarette use and greater nicotine-dependence risk, provide
additional reasons for FDA to consider lowering the maximal nicotine content of cigarettes.
Unlike commercially available light cigarettes, which leave nicotine content unchanged and
instead attempt to reduce nicotine yield through filter ventilation, very low nicotine content
(VLNC) cigarettes reduce nicotine exposure and dependence levels with minimal
compensatory smoking (Benowitz et al., 2012; Donny et al., 2015; Hatsukami et al., 2010).
That profile of effects suggests that women of reproductive age using VLNC cigarettes
should have lower risk of nicotine dependence and hence greater chance of successfully
quitting should they become pregnant. Those who were unable to quit presumably would
have lower gestational nicotine exposure levels compared to those using currently available
commercial cigarettes. Studies on VNLC cigarettes in pregnant and non-pregnant women of
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reproductive age will be necessary to determine the accuracy of those projections, but they
seem reasonable based on current knowledge. There are already many important and
compelling reasons for lowering maximal nicotine content levels in cigarettes to reduce
smoking prevalence, tobacco addiction and smoking-related harms more generally. The
present results add an important additional rationale to that list.

As noted above, the present study has the limitation of being a cross-sectional, observational
survey, which cannot support causal inferences. Additionally, smoking practices in the
NSDUH survey are based exclusively on self-report and thus subject to misreporting, which
with pregnant women is likely to result in some level of under-reporting the prevalence of
smoking due to the stigma associated with smoking during pregnancy. The present study
focused exclusively on associations between cigarette type and likelihood of smoking during
pregnancy. Certainly other factors in addition to cigarette type predict smoking during
pregnancy and that topic is being addressed in other contributions to this special issue (Kurti
et al., 2017). Those limitations notwithstanding, we believe the present study provides new
knowledge on an important topic that has the potential to inform researchers, clinicians, and
policy makers about risks associated with use of full-flavor cigarettes among women of
reproductive age.
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Smoking Prevalence and Cigarette Type Proportions by
Pregnancy Status
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Fig. 1.

Bz?r graph showing prevalence of smoking among non-pregnant and pregnant women of
reproductive age (15-44 years). Shown within each bar are the proportions of smokers
whose usual brand of cigarette was machine-estimated full-flavor (black) versus a lower
yield (gray).

The data source is the National Survey on Drug Use and Health (2005-2014).
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Smoking Prevalence and Cigarette Type Proportions by Pregnancy Status and Trimester
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Bar graph showing prevalence of smoking among non-pregnant and pregnant women of
reproductive age (15-44 years), with results from the pregnant women displayed by
trimester. Shown within each bar are the proportions of smokers whose usual brand of
cigarette was machine-estimated full-flavor (black) versus a lower yield (gray).

The data source is the National Survey on Drug Use and Health (2005-2014).
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Table 1

Unadjusted and final adjusted multiple logistic regressions with sociodemographic and other characteristics
predicting use of full-flavor (high-yield) cigarettes among female smokers of reproductive age (15-44) in the
2005-2014 National Survey on Drug Use and Health (N = 43,432).

Unadjusted model Final adjusted model

OR (¢]] AOR CI

Currently pregnant 1.90 (1.67,2.18) 1.43 (1.22,1.67)
Age

15-17 263 (2.36,2.93) 7.39  (6.24,8.75)

18-25 158  (150,1.67) 157  (1.48,1.66)

26-44 Ref Ref
Education

Less than high school 8.30 (7.16, 9.62) 4.45 (3.80, 5.22)

High school graduate 4.44 (3.89, 5.06) 291 (2.55, 3.33)

Some college 2.87 (2.49,331)  2.09 (1.81,2.42)

College graduate Ref Ref
Living in poverty 2.97 (2.76, 3.19) 1.99 (1.85, 2.15)
Race

Asian Ref Ref

Black 1091 (7.63,15.61) 7.89  (5.20,11.97)

Latino 225 (1.62,313) 155  (1.05,2.27)

Native American 2.52 (1.65, 3.83) 1.32 (0.80, 2.18)

White 168  (1.21,2.32) 1.04  (0.71,1.53)

Other 243 (1.68,352) 148  (0.97,2.25)
Age of first cigarette 0.97 (0.96, 0.98) 0.96 (0.95, 0.97)
Cigarettes per day

<1 062 (053,0.73) 074  (0.62,0.90)

1 0.65 (0.57,0.74) 075  (0.66,0.87)

2t05 Ref Ref

6015 135  (1.25,1.45) 159  (1.46,1.74)

16 to 25 120  (1.10,1.31) 1.63  (1.49,1.79)

26 t0 35 127  (1.04,156) 158  (1.28,1.95)

>35 181  (1.37,239) 180  (1.32,2.46)

Alcohol abuse or dependence  0.91 (0.84,0.98) 0.80 (0.73, 0.87)
Drug abuse or dependence 1.92 (1.74, 2.12) 1.60 (1.41,1.82)

Notes. “Other” includes multiracial and Hawaiian/Pacific Islander (due to small sample sizes).

OR= odds ratio, AOR = adjusted odds ratio, ClI= confidence interval.
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