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Abstract

Objective: The study objective was to identify biobehavioral variables associated with greater
intake of nicotine and a tobacco carcinogen among Black light smokers who smoke 1 to 10
cigarettes per day (CPD).

Methods: We analyzed baseline data collected from 426 Black light smokers enrolled in Kick It
at Swope 111 (KIS 111), a smoking cessation trial for Black smokers. We examined differences in
concentrations of tobacco biomarkers, including urinary total nicotine equivalents (TNE) and total
4-(methylnitrosamino)-1-(3) pyridyl-1-butanonol (NNAL; a human carcinogen), across gender,
age, plasma nicotine metabolite ratio (NMR), CPD, and measures of tobacco dependence,
including time to first cigarette (TFC), using ANOVA.

Results: Tobacco biomarker levels were significantly higher among those who smoked more
CPD (6-10 vs 1-5 CPD) and those with greater reported physical dependence on tobacco.
Concurrently, those who smoked 1-5 CPD smoked each cigarette more intensely than those who
smoked 6-10 CPD. While we found no gender differences overall, among those who smoked 1-5
CPD, women had higher NNAL levels compared to men. The rate of nicotine metabolism,
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measured by the nicotine metabolite ratio, was not significantly related to TNE or NNAL levels.

Conclusion: Among Black Light smokers, higher cigarette consumption and greater physical
dependence—but not rate of nicotine metabolism, menthol use, or socioeconomic status—were
associated with greater toxicant exposure and thus a likely increased risk of tobacco-related
diseases. The lack of data on light smokers, and specifically on Blacks, make this observation
important given the disproportionate burden of lung cancer in this population.

Keywords

Black smokers; Light smokers; Nicotine; Carcinogen exposure; Correlates of exposure

INTRODUCTION

African Americans (Blacks) experience a disproportionate burden of smoking-related
diseases compared to other racial groups in the U.S.1-3 despite the fact that most Black
smokers are self-reported light smokers (i.e., they smoke 10 or fewer cigarettes per day,
CPD?) or are non-daily smokers.>6 The relative risk of developing lung cancer among Black
smokers is higher than among smokers of other racial/ethnic groups studied.”:8 Importantly,
the disparities in lung cancer rates between Blacks and other racial groups, such as Whites
and Latinos, are more pronounced among light smokers.” While the underlying reasons for
higher disease risk among Black light smokers are not fully understood, identification of
factors related to increased intake of nicotine and tobacco toxicants can potentially inform
our understanding of factors impacting disease risk in this population.

What we know of the effects of individual-level factors such as that of genetics, nicotine
metabolism, age, gender, behavioral, and psychological variables, on nicotine and toxicant
intake in smokers is based largely on studies of heavier smokers (10 or more CPD).%:10 The
Multiethnic Cohort (MEC) study, which has provided important data to understand
differences in disease risk across various racial/ethnic groups,’ includes light smokers (510
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CPD) in their larger study population,! but to the best of our knowledge, publications from
the MEC study have not described relationships between individual-level factors and
toxicant exposure specifically in light smokers of any race.

Although it is reasonable to expect the nature of the relationships between individual-level
factors and nicotine and carcinogen intake in light smokers to be in the same direction as
that of heavier smokers, empirical evidence is needed. Furthermore, unexpected
observations have been made for Black smokers in some studies, sometimes in contrast to
those seen in White smokers. For example, in one study, the rate of nicotine metabolism,
measured by the nicotine metabolite ratio (NMR, ratio of 3’-hydroxycotinine (3HC) to
cotinine (COT)), was related to tobacco biomarker levels in Whites but not in Blacks who
smoke at least 10 CPD (heavier smokers).12 The NMR is a validated indicator of CYP2A6
enzymatic activity.13 (CYP2A6 is the main enzyme involved in the oxidation of nicotine to
cotinine and cotinine to 3’-hydroxycotinine and is encoded by the CYP2A6 gene.14) Two
publications from another study showed that CPD and measures of tobacco dependence
were linearly related to biomarkers of nicotine and toxicant intake among White heavier
smokers but not among Black heavier smokers.19:15 These studies underscore the
importance of understanding determinants of nicotine intake and toxicant exposure among
Black smokers, in general, and particularly among Black light smokers, an understudied and
at-risk group. In addition, biologic/physiologic factors such as sex and age influence nicotine
metabolism,14 and are potential determinants of tobacco dependence and smoking behavior,
but their influence on nicotine and toxicant intake among Black light smokers is not well
established.

The objective of this study was to identify individual-level biologic and behavioral variables
that are associated with increased intake of nicotine and a pulmonary carcinogen in Black
light smokers. Key variables assessed included plasma NMR, age, gender, CPD, tobacco
dependence measures, and menthol use. We measured nicotine intake using urinary TNE,
plasma cotinine, and the sum of cotinine and 3-hydroxycotinine [COT+3HC] in plasma.
Urinary TNE, when measured at steady state, accounts for 90% of the daily dose of nicotine,
16 and is the gold standard biomarker of nicotine intake. Since cotinine, the most commonly
used biomarker of nicotine intake, overestimates tobacco exposure in people with slower
CYP2A6 activity,}” we also used plasma COT+3HC, which is less impacted by differences
in CYP2AG6 activity, to measure nicotine intake. We measured exposure to 4-
(methylnitrosamino)-1-(3)pyridyl-1-butanone (NNK), a potent pulmonary tobacco
carcinogen, using urinary 4-(methylnitrosamino)-1-(3)pyridyl-1-butanol (NNAL), also a
carcinogen.!® This study’s findings may contribute to our knowledge of factors associated
with increased tobacco-related disease risk among Black light smokers, and increase our
understanding of how Black light smokers compare with Black and/or White heavier
smokers.

MATERIALS AND METHODS

Study

We analyzed baseline data collected from Black, treatment-seeking, light smokers who
participated in Kick It at Swope 111 (KIS-111), a clinical trial of bupropion for smoking
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cessation in Black light smokers. The study design and baseline characteristics have been
previously described.1® Participants provided written informed consent, and the study
procedures were approved by the University of Kansas Medical Center Human Subjects
Committee and Committee on Human Research from the University of California, San
Francisco.

Our analysis included participants who had urinary bio-markers of exposure to nicotine and
4-(methylnitrosamino)-1-(3)pyridyl-1-butanone (NNK) (426 of 540 enrolled). KIS Il was
conducted from December 2007 to May 2010 at an urban community-based clinic in Kansas
City, Missouri that serves predominantly low-income Black patients.29 Eligible participants
were self-identified as Black men and women aged 18 and older, interested in quitting
smoking, who smoked 10 or fewer CPD, and smoked on 25 or more days in the month.
Exclusion criteria included current use of bupropion, nicotine replacement therapy,
fluoxetine, clonidine, buspirone, or doxepin in the past 30 days, and history of drug or
substance abuse within the past year. Other inclusion and exclusion criteria have been
described previously.19

We collected demographic information using standardized questionnaires. Baseline
assessment of smoking history included current number of CPD and whether mentholated
cigarettes were smoked. We used the Fagerstrom Test of Cigarette Dependence (FTCD) to
assess tobacco dependence.2 An item of the FTCD is time to first cigarette (TFC), which,
by itself, is a reliable measure of physical dependence on tobacco.22

Analytical chemistry

We measured plasma concentrations of cotinine and 3-hydroxcotinine (3-HC) and urinary
total (free plus glucuronide) concentrations of nicotine and nicotine metabolites (cotinine, 3-
hydroxcotinine, nicotine-N-oxide, cotinine-N-oxide, nornicotine, and norcotinine) by liquid
chromatography-tandem mass spectrometry (LC-MS/MS).23 The NMR was the ratio of 3-
HC to cotinine in plasma. We determined urinary TNE as the molar sum of total
concentrations of nicotine and the metabolites listed above. Since variables such as genetics
and gender influence the relationship between cotinine levels and nicotine intake,1’ we also
determined the molar sum of plasma cotinine and 3-hydroxycotinine (COT+3HC) as a
biomarker of nicotine exposure.12 We measured urinary total NNAL (free plus glucuronide)
by LC-MS/MS.2* NNAL is a metabolite of the tobacco-specific NNK, both of which are
human carcinogens.1®

Statistical analysis

We computed univariate statistics by gender and for all participants for demographic
characteristics, CPD, FTCD, TFC, and biomarker concentrations. Differences between
genders (unadjusted for covariates) were assessed using Mann-Whitney U-test for
continuous variables and chi-square for categorical variables.
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We controlled for the effect of urine dilution on spot urine biomarker levels and differences
in creatinine excretion by age, gender, and body mass index (BM1)%® using a previously
published method.26 For the primary analysis, we examined differences in biomarker
concentrations, as measures of internal dose of tobacco toxicants, across levels of each
independent variable using ANOVA. Biomarker concentrations were approximately log-
normally distributed and were log-transformed for ANOVA models. The dependent variables
included natural log-transformed covariate-adjusted standardized urinary biomarker levels,
log-transformed plasma cotinine and COT+3HC levels, and plasma NMR. Each dependent
variable was modeled separately. The independent variables were gender (women and men);
age group (<40 years, 40-49 years, =50 years); CPD (1-5 CPD vs 6-10 CPD, as well as
treating each individual level of CPD as a category); TFC (<30 min vs > 30 min); FTCD
(low and high based on FTCD median of 3.0); and plasma NMR (slow and normal activity
based on NMR median of 0.34, similar to a cutpoint of 0.31 in a clinical trial of
pharmacotherapies for tobacco dependence.2”) Due to the effect of sex hormones on nicotine
metabolism,28:29 and given changes in levels of sex hormones with age, particularly among
women of child-bearing age who are likely to use oral contraception and changes at
menopause, we used the age category of <40 years to include younger adults while the age
group of 40-49 would likely include women approaching menopause and the age group of
>50 years would likely include women at menopause.3° Other than gender, we entered each
independent variable in separate models and included gender and a gender-by-independent
variable interaction term. Pairwise comparisons between categories of independent variables
with more than two categories were adjusted by Bonferroni’s method (adjusted p values are
reported).

We carried out all analyses using SAS v. 9.4 (SAS Institute, Inc., Cary, NC, USA) and we
considered statistical tests to be statistically significant at p < 0.05, two-tailed.

RESULTS AND DISCUSSION

Demographic characteristics and biomarker concentrations

Of the 426 participants included in the study, 67.4% were women (Table 1). Comparison by
gender showed no significant differences in average number of self-reported CPD and
tobacco dependence (TFC and FTCD). A significantly higher percentage of women
compared to men used menthol cigarettes. We found no significant gender differences in
biomarker concentrations, and the average plasma NMR did not differ significantly between
women and men.

Differences in nicotine intake and carcinogen exposure across categories of biologic and
behavioral factors

Model-predicted means (back-transformed) from the ANOVA models of tobacco biomarker
concentrations across categories of various independent variables are presented in Tables 2
and 3. In Table 2, we present results of models focusing on independent variables with two
categories, for which the ratios of the categories are also given. Table 3 presents results
across age groups. Like results from univariate analysis, concentrations of tobacco
biomarkers did not differ significantly between women and men using ANOVA (Table 2). Of
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note, tobacco biomarker levels did not differ significantly across categories of education and
income, or by menthol use (data not shown), consistent with previous observations3!; most
participants in the current study (83%) used menthol cigarettes. We first discuss biological
variables followed by behavioral variables.

Differences between NMR groups

The rate of nicotine metabolism is an important predictor of lung cancer risk!! but the NMR
was not related to TNE and NNAL levels in our study (Table 2). We observed no significant
gender-by-plasma NMR interaction for any of the biomarkers measured and NMR was not
significantly correlated with biomarker levels.

Similar findings have been reported for Black smokers of 10 or more CPD unlike White
smokers, whose nicotine intake was related to NMR.12 Previous research found that plasma
cotinine was higher at low NMR compared to high NMR in Black light smokers.32
However, unlike TNE, cotinine levels are higher for any given level of nicotine in
individuals with slow CYP2A6 enzymatic activity, the primary nicotine-metabolizing
enzyme.Thus, cotinine is not an accurate predictor of nicotine intake.1” Our findings differ
from that of a publication from the MEC study, which found that the NMR (measured as the
ratio of total 3-HC to free COT in urine) was related to TNE in Blacks and other racial
groups studied.33 That study included 367 Blacks with a median of 10 CPD (suggesting
~50% were light smokers as opposed to our study of entirely Black light smokers (N =
427)).

Differences between age groups

Average concentrations of urinary NNAL approach statistical significance while plasma
NMR was significantly different between age groups (Table 3). Plasma NMR was
significantly higher among those 40-49 years (p = 0.03) and =50 years (p < 0.001)
compared to those younger than 40 years. Plasma NMR did not differ significantly between
the genders at any of the three age groups. There was no significant gender-by-age group
interaction effect for any of the biomarkers, including TNE and TNE/CPD.

As we found here, and others have reported previously,27343% the NMR is faster in older
relative to younger age groups (observed in both men and women in our study). However,
the relationships between NMR and TNE and NNAL were still not significant when we
stratified by age group. Our findings suggest that, as with previous observations in heavier
Black smokers,12 the extent of nicotine metabolism via the CYP2A6 (cytochrome P450
2A6) pathway, the predominant nicotine-metabolizing pathway, does not seem to influence
the way Black light smokers titrate their daily nicotine intake.

Differences between CPD groups

Spearman correlation coefficients (rs) between CPD and biomarker levels were as follows:
NNAL (rs = 0.29); Average TNE (rg = 0.28); plasma cotinine (rs = 0.30); and, COT+3HC (rg
=0.29); all p values < 0.001. levels of NNAL, TNE, and plasma cotinine and COT+3HC
were all significantly higher among all participants who smoked 6-10 CPD compared to
those who smoked 1-5 CPD (Table 2). Previous studies found that among Black smokers of
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greater than 10 CPD, those who smoke fewer CPD have the same levels of tobacco bio-
markers as those who smoke more CPD.10:36 However, our findings suggest that among
Black light smokers, number of cigarettes consumed daily is related to carcinogen exposure
and thus may be predictive of disease risk. We further found that concentrations of bio-
markers normalized by CPD (which we used as a proxy for level of smoke intake per
cigarette smoked or intensity of smoking) were significantly higher among all participants
who smoked 1-5 CPD compared to those who smoked 6-10 CPD, indicating greater disease
risk per cigarette in those who consume fewer cigarettes daily. In further analysis, NNAL,
NNAL/CPD, TNE, and TNE/CPD were significantly different across CPD when we treated
each level of CPD as a category (Fig. 1). In general, NNAL and TNE were higher at more
CPD while NNAL/CPD and TNE/CPD were higher at fewer CPD; women who smoked 4
CPD appeared to go against the trend for NNAL and TNE levels.

We observed a significant gender-by-CPD interaction for NNAL (p = 0.049) but not for the
other biomarkers (Fig. 2). Among those who smoked 1-5 CPD, women had significantly
higher NNAL levels compared to men (1.45-fold higher in women), whereas among those
who smoked 6-10 CPD, gender differences in NNAL levels were negligible (1.02-fold
higher in men). NNAL/CPD and TNE/CPD were both significantly higher among women
who smoked 1-5 CPD compared to 6-10 CPD, indicating that women who were very light
smokers smoked each cigarette more intensely than those who consumed more CPD.
Differences in NNAL/CPD and TNE/CPD between men who smoked 1-5 CPD and 6-10
CPD were not significant (Fig. 2). These findings raise concern about elevated tobacco-
related disease risk for Black women who are very light smokers, particularly because of the
increasing prevalence of low level smoking behavior relative to heavier smoking among
women overall.3” Although new lung cancer cases and deaths remain higher for Black men
than Black women (historically more men have smoked than women), from 2002 to 2012,
the death rate from lung cancer has declined faster for Black men than it has for Black
women (2.5% compared to 1.5% decline).38 Studies are needed to understand the
contribution of disease risk among very light smokers (1-5 CPD), particularly in women, to
overall lung cancer trends.

Differences between levels of tobacco dependence

Spearman correlation coefficients (rs) between FTCD and biomarker levels were as follows:
NNAL (rs = 0.24); TNE (rs = 0.25); plasma cotinine (rs = 0.28); and, COT+3HC (rs = 0.26);
all p values < 0.001. Concentrations of all biomarkers and biomarker/CPD were significantly
higher among participants who smoked within 30 min of waking (high dependence)
compared to those who smoked after 30 min (low dependence). Absolute concentrations of
tobacco biomarkers, and not biomarker/CPD, were significantly higher among participants
with higher FTCD compared to lower FTCD (based on a sample median of 3). We found no
significant gender-by-TFC or gender-by-FTCD interactions. This finding is important
because it indicates that despite light smokers reportedly showing limited dependence on
tobacco, 3940 a range of dependence is observed among Black light smokers that is clinically
relevant such that it is related to nicotine intake and carcinogen exposure and possibly
disease risk.
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Time to first cigarette predicts cotinine and NNAL levels in adult and adolescent smokers,
41-45 smoking cessation, %647 and is associated with risk of head and neck cancer.#8:49 We
found that TFC was significantly related to nicotine and carcinogen intake, and intake per
cigarette in our study population, which, to the best of our knowledge, has not been
previously demonstrated specifically in a sample of Black light smokers. Our data suggest
that Black light smokers with short TFC, which is indicative of greater physical dependence
on tobacco, are smoking cigarettes in a manner that leads to greater levels of toxicant intake
per cigarette than those with longer TFC. It is important to note that smoking restrictions,
such as household voluntary indoor smoking bans,?° can affect TFC and could possibly alter
the predictive relationship between TFC and toxicant exposure and disease risks.

A concern about the generalizability of our findings is that our study included smokers
motivated to quit. Smokers who enter smoking cessation trials to quit may be more highly
dependent on cigarettes than others who are able to quit on their own, and determinants of
their smoking behavior may be different from that of those not motivated to quit. For
example, they may reduce their cigarette consumption but increase the intensity of smoking
each cigarette. The average TNE level in our study was higher than that of Blacks (median
of 10 CPD) and Whites (median of 20 CPD) in the MEC study,! and the average NNAL
concentration was higher than that of all Black smokers (light and heavy) in a nationally
representative sample (NHANES 2007-2010), indicating relatively high smoking intensity
by participants in our study. (Cotinine-N-oxide, nornicotine, and norcotinine were not
included in the TNE of the MEC study which may contribute slightly to lower TNE levels.)
In addition, black light smokers in Kansas City, Missouri may not be generalizable to Black
light smokers of other states. Missouri had no 100% smoke-free state law at the time of the
study®2; smoking behavior such as TFC and the effect of TFC on nicotine intake and
carcinogen exposure may be different from that of smokers in states with more restrictive
smoking laws, as observed in homes with voluntary smoking bans.>° Further, behavioral
measures, including CPD and TFC, were self-reported and are subject to reporting and recall
bias.
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IMPLICATIONS

We identified biobehavioral variables related to higher systemic exposure to tobacco
toxicants and potentially mediating increased disease risk, among Black light smokers.
Intake of nicotine and a major tobacco carcinogen were significantly higher among Black
light smokers who smoked more CPD and those with greater physical dependence on
tobacco, as indicated by TFC and FTCD. Different observations have been made among
Black heavier smokers, such that nicotine intake and carcinogen exposure did not differ
across levels of CPD and tobacco dependence. While overall gender differences were not
observed, carcinogen intake was higher for women compared to men smoking 1-5 CPD,
indicating potentially higher disease risk for women who are very light smokers
compared to men. Our findings are based on one of the largest samples of Black light
smokers to date and provide important data to help inform our understanding of disease
risk among this understudied and at-risk group.
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Concentrations of urinary total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL),
total nicotine equivalents (TNE), and concentrations of NNAL and TNE normalized by the
number of cigarettes smoked per day (CPD) across individual levels of CPD for all
participants, women only, and men only. CPD of ‘3’ combines those who smoked 2 or 3
CPD since no men smoked 3 CPD and no women smoked 2 CPD. Sample sizes for each
level of CPD is as follows, showing total (women): 3 CPD, 19 (13); 4 CPD, 18 (11); 5 CPD,
38 (25); 6 CPD, 32 (24); 7 CPD, 49 (36); 8 CPD, 53 (34); 9 CPD, 27 (18); 10 CPD, 190
(126). * = significant different from those who smoke 10 CPD. Bars and error bars are
model-predicted means and 95% confidence intervals, respectively. Participants were Black
treatment-seeking light smokers in /BLINDED STUDY NAME AND LOCATION], 2007-

2010.
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Fig. 2.
ancentrations of urinary total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL),
total nicotine equivalents (TNE), and plasma cotinine and biomarker levels normalized by
cigarette per day (CPD) among light smokers who smoked 1-5 CPD and those who smoke
6-10 CPD. Square brackets represent significant differences between CPD categories within
a given gender; *** = significant gender difference within a CPD group. Bars and error bars
are model-predicted means and 95% confidence intervals, respectively. Participants were
Black treatment-seeking light smokers in /BLINDED STUDY NAME AND LOCATION],
2007-2010.
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