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Abstract

The aim of the study was to examine genetic, pharmacokinetic and demographic factors that 

influence sensitivity to nicotine in never smokers. Sixty never smokers, balanced for gender and 

race (Caucasian, Blacks and Asian), wore 7 mg nicotine skin patches for up to 8 hours. Serial 

plasma nicotine concentrations and subjective and cardiovascular effects were measured, and 

genetic variation in the CYP2A6 gene, the primary enzyme responsible for nicotine metabolism, 

was assessed. Nicotine toxicity requiring patch removal developed in 9 subjects and was strongly 

associated with rate of rise and peak concentrations of plasma nicotine. Toxicity, subjective and 

cardiovascular effects of nicotine were associated with the presence of reduced function CYP2A6 

alleles, presumably reflecting slow nicotine metabolic inactivation. This study has implications for 

understanding individual differences in responses to nicotine medications, particularly when the 

latter are used for treating medical conditions in non-smokers, and possibly in vulnerability to 

developing nicotine dependence.

INTRODUCTION

Individuals differ in their susceptibility to the acquisition of tobacco addiction. Twin studies 

indicate that 50% or more of the variance in likelihood of developing tobacco dependence is 
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genetic, and that genetic factors influence not only who becomes a smoker, but how much 

they smoke and how hard it is for them to quit.1–3 The genetic determinants of individual 

differences in vulnerability to nicotine addiction are incompletely understood. One 

possibility includes individual differences in pharmacologic responses to initial exposure to 

nicotine.

Smoking prevalence, cigarette consumption among smokers and the risk of developing 

smoking-related disease differ among racial groups. Relevant to the present study, Asian-

Americans are less likely to become smokers, smoke fewer cigarettes per day and are less 

likely to develop lung cancer compared to Caucasians.4,5 Black Americans have a similar 

prevalence of smoking, smoke fewer cigarettes per day but are more likely to develop lung 

cancer compared to Caucasians 5,6. One factor influencing individual differences in smoking 

behavior may be the rate of metabolism of nicotine. Nicotine is metabolically inactivated to 

its major proximate metabolite, cotinine (COT), primarily by the liver enzyme CYP2A6.7 

Cotinine is metabolized to 3-hydroxycotinine (3HC) by the same enzyme. Compared to 

Caucasians, Asians and Black Americans have a higher prevalence of CYP2A6 gene alleles 

that are associated with slower metabolism of nicotine.8 Slower metabolism of nicotine is 

expected to result in the need to smoke fewer cigarettes per day to achieve a desired level of 

nicotine in the body, and has been associated with greater rates of quitting compared to 

faster metabolizers.9

Differences in pharmacologic response to early nicotine exposure may also be important 

determinants of differential vulnerability to addiction. Several studies have reported that an 

initial pleasant nicotine response (for example, feeling high, a pleasurable buzz or rush or 

feeling dizzy) among novice smokers is associated with continued smoking and the 

development of nicotine dependence 10–15. DiFranza et al also reported that aversive 

responses to smoking the first cigarette, such as nausea and dizziness, were predictors of 

greater symptoms of nicotine dependence, consistent with the idea that a general sensitivity 

to nicotine predicts a higher likelihood of development of dependence11.

Differences in response to nicotine are difficult to study in people who are already using 

tobacco because they have developed considerable tolerance to many of the effects of 

nicotine 16. To explore intrinsic individual differences in kinetics and response to nicotine, 

we conducted a study of transdermal nicotine in never-smokers. We also examined variation 

in CYP2A6 genotype which cause differences in the rate of nicotine metabolism and which 

has been reported to influence the likelihood of developing nicotine dependence 17–19.

RESULTS

Demography

Sixty participants (29 females and 31 males) were enrolled in the study. Participants were 

Asian (n = 20), Black (n = 20), and White (n = 20). The average age of the participants was 

26.5 years (range, 19–39) and did not differ by race (p = 0.78). The average BMI was 24.2 

kg/m2 (range, 17.3–30.7) and was significantly higher among Blacks (mean, 25.9) compared 

to Asians (23.8) and Whites (22.7) (p = 0.003). Four participants did not have data for the 

entire 8 hour study period: three participants who had their patch removed left before 480 
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minutes and the respective times of last sample collection are 180 minutes, 240 minutes, and 

one 420 minutes. One other subject with patch still in place chose to terminate the study 

after their 420 minute blood sample.

CYP2A6 genotype

CYP2A6 genotype was determined in 58 participants; in two subjects genotyping was not 

conclusive (both Blacks). Thirty-five participants, (60%), had the wild-type genotype 

(*1/*1) and 23 participants (40%), had one or two variant CYP2A6 alleles. The allele 

frequencies and their distribution by race and gender are presented in Table 1. The 

proportion of *1/*1 vs. variant alleles was significantly different by race (p = 0.004); 70% of 

Asian participants had a variant allele compared to 28% of Blacks and 20% of Whites.

Nicotine Toxicity

Acute nicotine toxicity was evidenced by nausea and/or vomiting, necessitating patch 

removal in nine subjects. The number of participants who removed their patch by CYP2A6 

genotype is presented in Table 1. The times of patch removal by genotype and race were 44 

min (*10/*10, Asian), 60 min (*1/*9, White), 89 min (*1/*1, White), 91 min (*1/*1, White), 

93 (*1/*9, Asian), 100 (*4/*10, Asian), 131 min (*1/*1, Black), 372 min (*4/*9, Asian) and 

384 (*1/*9, White). The median time to patch removal was 93 minutes and the average time 

to patch removal was 152 (SD 131) minutes.

Nicotine levels over time

Figure 1A displays the average plasma nicotine concentration over time for all participants 

who became ill and for all those who did not, by race. Average peak plasma nicotine 

concentration was higher (p = 0.006) and average time to peak nicotine concentration was 

shorter (p = 0.018) in participants who developed nicotine-induced toxicities compared to 

those who did not. Average plasma nicotine concentration over time by CYP2A6 genotypes 

(*1/*1 vs. variants) is displayed in Figure 1B. Average peak plasma nicotine concentration 

was not significantly different with CYP2A6 genotype. Table 1 displays nicotine 

pharmacokinetic data (AUC, Cmax, Tmax) for all subjects and by race.

Subjective (VANES) and cardiovascular responses

At baseline there was no significant difference in the eleven individual VANES parameters 

between those with variant alleles and those with the *1/*1 genotype (wild type). At 30 

minutes, two VANES parameters (calmness and dose perception) were significantly 

different; at 60 minutes, five parameters (anxious, concentrate, nausea, stimulated, and 

palpitations) were significantly different; and at 90 minutes, seven parameters were 

significantly different in subjects with variant compared to *1/*1 genotypes. The group 

differences were greatest at 120 minutes, when eight of 11 VANES parameters were 

significantly different. The differences in changes in subjective responses to nicotine from 

baseline to 90 and 120 minutes comparing subjects with wildtype vs variant CYP2A6 alleles 

are presented in Table 2. Those in the variant group had significantly more unpleasant 

subjective responses when compared to those with *1/*1 genotype. Specifically, those in the 

variant group reported being more anxious, less calm, less able to concentrate, more light 
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headed, experienced more nausea, and reported more palpitations. By 180 minutes, these 

differences were no longer significant. The time-course of perceived lightheadedness and 

nausea by genotype group are presented in Figure 2.

For the cardiovascular parameters, at baseline there was no difference between the two 

genotype groups (p values range: 0.88 to 0.98). Thereafter, heart rate acceleration was 

significantly greater (change from baseline) from 30 minutes through 180 minutes post 

patch placement for the variant group compared to the wild type group (Table 2). Blood 

pressure did not show consistent differences between the two genotype groups.

Predictors of nicotine toxicity

Univariate analyses to investigate the association between demographic data and CYP2A6 

genotype and nicotine-induced toxicity (patch removal) found no significant effect for age 

(p = 0.6), gender (p = 1.0), BMI (p = 0.5), or race (p = 0.4). Although 6 of 9 participants 

who had their patch removed had at least one variant allele, this difference in toxicity was 

not statistically significant across genotype groups. Table 3 presents further univariate 

analyses for the association between nicotine toxicity and possible predictors (race, 

genotype, and pharmacokinetic parameters). AUC and Cmax were significantly higher and 

Tmax shorter in participants with toxicities compared to those without.

Time-to-event analysis (also known as survival analysis) was used to formally test the 

association between pharmacokinetic parameter or genotype and nicotine-induced toxicity. 

These results are presented in Table 4. After adjusting for the effects of age, BMI, gender, 

and race, the hazard ratio (HR) of nicotine-induced toxicity in those with a variant genotype 

compared to the *1/*1 group was 3.81 (0.84–17.2) (p = 0.083). While the probability of 

nicotine-induced toxicity following patch placement over an 8 h time-course among 

individuals with the variant genotype tended to be higher among whites compared to Asians 

followed by blacks, these differences were not statistically significant (p = 0.21) (Figure 3). 

In time to event analyses for pharmacokinetic parameters, the adjusted HR of toxicity 

among participants were significant for high compared to low categories based on median-

split for AUC0→90, AUC0→360, and Cmax (Table 4). The unadjusted hazard ratios were not 

significant and are not presented.

DISCUSSION

The aim of our study was to examine factors that determine pharmacologic response to 

nicotine in nonsmokers. We studied nonsmokers because we wanted to look at nicotine 

effects in the absence of tolerance, which is considerable in regular tobacco users. Individual 

differences in nicotine sensitivity among nonsmokers are thought to influence vulnerability 

to tobacco addiction10–15. We used nicotine patches to probe sensitivity because nicotine 

delivery from patches is controlled as opposed to smoking cigarettes, where individuals can 

alter levels of nicotine delivery through difference in frequency, duration and depth of 

inhalation. We hypothesized that variability in the rate of nicotine metabolism, determined 

largely by CYP2A6 activity, would strongly influence responses to nicotine patches, 

including the risk of toxicity.

Dempsey et al. Page 4

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We found that pharmacokinetic factors were the strongest predictors of development of 

nicotine toxicity, which occurred in 15% of our subjects. The peak plasma nicotine, plasma 

nicotine AUC from 0–90 minutes (reflecting rate of rise) and the plasma nicotine AUC from 

0–360 min were all strong predictors of toxicity (hazard ratios 6.9, 5.9 and 8.4, 

respectively). Rapid rise of blood concentrations is known to be associated with greater 

effects of many psychoactive drugs, presumably because higher brain levels are achieved 

with less time to develop receptor-based tolerance20,21. Thus finding that Cmax and rate of 

rise of plasma nicotine concentration were associated with nicotine toxicity is not surprising. 

It is remarkable that AUC0→360 is also associated with nicotine toxicity since most of the 

subjects with toxicity had their patches removed prior to about 2 hours. Persistently high 

nicotine levels despite patch removal indicate slow metabolism, either due to intrinsic 

metabolic differences or perhaps due to effects of nicotine toxicity on its own clearance 

(such as by reducing liver blood flow)22.

The basis for more rapid absorption of nicotine in some subjects is not entirely clear. 

Genetic differences in nicotine metabolism appear to play some role, as discussed below, but 

do not fully explain the phenomenon. Possibly differences in rate of absorption across the 

epidermis or differences in binding of nicotine to dermal tissues play a role. Individual 

differences in volume of distribution would be expected to influence peak levels for any 

given rate of drug delivery. However we saw no effect of body mass index or gender on 

nicotine levels, arguing against a role of distribution volume in determining rate of rise of 

nicotine levels.

We hypothesized that differences in CYP2A6 activity would influence response to 

transdermal nicotine. There is considerable genetic polymorphism in the CYP2A6 gene, 

including known racial/ethnic differences in allele frequencies 23. As expected we found that 

the presence of reduced function variants was higher in Asian and Black compared to White 

subjects. We did not however find a significant effect of CYP2A6 genotype on plasma 

nicotine Cmax or AUC0→90, perhaps because there is relatively little nicotine metabolism, 

relative to absorption, in the first 90 minutes of patch application.

Among the nine subjects who developed nicotine toxicity, 67% had reduced function 

CYP2A6 variants, compared to 35% reduced function variants among those who did not 

develop toxicity. This difference was not statistically significant, but the lack of significance 

may be a power problem, given relatively few cases of toxicity. Time-to-event analysis 

indicated a borderline significant effects of genotype (p=0.083). There was no association 

between race, gender or age and nicotine toxicity. In addition to toxicity we studied 

subjective and cardiovascular effects of transdermal nicotine in relation to CYP2A6 

genotype. Increases in anxiousness, lightheadedness, nausea and palpitations and decreases 

in alertness, concentration and calmness at 120 minutes, and heart rate acceleration from 30 

to 180 minutes were significantly greater in subjects with CYP2A6 reduced function 

variants. A limitation of our study is that we did not examine genetic variation in other 

pathways of nicotine metabolism – glucuronidation and N-oxidation.7 These are generally 

minor metabolic pathways, but could influence nicotine clearance, particularly when 

metabolism via CYP2A6 is genetically slow.
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In summary, nicotine toxicity (patch removal) in never-smokers is most strongly influenced 

by rate of rise and peak levels of plasma nicotine. There was a significant association 

between subjective pharmacological responses and the presence of CYP2A6 reduced 

function alleles, presumably related to the slow rate of nicotine metabolism. One implication 

of our research relates to the administration of nicotine as a medication. Our study of non-

smokers suggests that nicotine toxicity would be more likely to occur in genetically slow 

metabolizers who are receiving usual therapeutic doses of transdermal nicotine to aid 

smoking cessation, although the previous development of tolerance in many smokers is 

likely to mitigate the problem of toxicity, even among slow metabolizers. Nicotine 

medications have also been proposed for the treatment of ulcerative colitis, Parkinson’s 

disease and other disorders 24–26. If these patients are non-smokers prior to nicotine therapy, 

the CYP2A6 genotype might be a useful predictor of toxicity and need for smaller doses at 

initiation of treatment.

Another implication relates to vulnerability to developing nicotine dependence. Several 

studies have reported that initial sensitivity to pleasurable effects of nicotine predicts 

progression to dependent smoking, and some report that aversive responses predict a greater 

level of dependence 10–15. These studies suggest that increased global sensitivity to nicotine 

is an important determinant of who becomes a regular smoker. Our data indicate that 

determinants of initial sensitivity to nicotine are rate of rise of plasma nicotine levels and 

reduced activity CYP2A6 genotype. It is unclear how our data with nicotine rate of rise from 

patch use would translate to smoking the first cigarette, from which nicotine absorption is 

much more rapid. We considered studying more rapid nicotine delivery systems, such as 

nicotine gum, lozenge or inhaler, but there is large individual variability in systemic nicotine 

delivery from such formulations, making comparisons of nicotine effects across subjects 

difficult. The importance of the rate of nicotine metabolism as a determinant of sensitivity is 

supported by cohort studies among adolescents reporting that having reduced function 

CYP2A6 gene variants is a risk factor for acquisition of dependence, for persistent smoking 

and a cross-sectional study of adolescents indicating that phenotypically slow nicotine 

metabolism is a risk factor for a higher level of dependence 18,19,27. Our data directly link 

slow nicotine metabolism with a greater likelihood of experiencing subjective, 

cardiovascular and toxic effects of nicotine. The mechanisms by which slow nicotine 

metabolism and greater sensitivity to nicotine facilitate development of dependence have not 

been established. We speculate that slower metabolism results in longer persistence of 

nicotine in the brain, resulting in greater neuroadaptive changes and therefore faster 

development of dependence

METHODS

Subjects

The subjects were 20 whites (11 males, 9 females), 20 Blacks (10 males, 10 females) and 20 

Asians (10 males, 10 females) who were never regular smokers and had smoked fewer than 

100 cigarettes lifetime. In all subjects the screening plasma cotinine level measured by gas 

chromatography was below the limit of quantitation (10 ng/ml).
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Twenty eight (46.7%) of subjects never smoked even one cigarette, 23 (38.3%) of subjects 

smoked 1–5 cigarettes, and nine (15%) of subjects smoked more than 5 but less than 100 

cigarettes lifetime. The time interval between when a subject had last tried a cigarette and 

study enrollment was not specifically recorded, but the intervals were in years.

Subjects were healthy based on questionnaire, screening blood chemistries and 

electrocardiogram, and taking no medications. The criterion for belonging to a particular 

racial group was having four grandparents of the same race. Subjects were recruited by flyer 

advertisements at local colleges, cafes, restaurants and laundromats, by newspaper 

advertisements, and by a notice on a local website. Subjects were compensated financially 

for their participation. The study was approved by the UCSF Committee on Human 

Research and the Research Ethics Board for the University of Toronto, and subjects 

provided signed consent before entering the study.

Procedures

Subjects were admitted to the Clinical Research Center (CRC) at the San Francisco General 

Hospital Medical Center on the evening before the day of the study. They were asked not to 

consume any alcoholic beverages for 48 hours prior to admission. Subjects did not eat any 

food or drink any alcoholic or caffeinated beverages after midnight prior to the study. A 

light breakfast was served at 7:30 A.M. At about 8:00 A.M. a catheter was placed in a 

forearm vein for blood drawing. Baseline questionnaires were administered at 8:30 A.M.

At 9:00 AM a 7 mg Nicoderm patch (GlaxoSmithKline) was placed over the deltoid muscle. 

This dose of nicotine is lower than the typical (14–21 mg) doses used to aid smoking 

cessation 28. The patch was kept in place for eight hours unless there was a clinically 

significant adverse event or if requested by the subject, in which case the patch was 

removed. In the event of patch removal, subjects were asked to complete the study (sample 

collection, subjective responses, vital signs, etc.), although four subjects who experienced 

toxicity left the study early. Subjects remained supine from the time of patch placement until 

after lunch (approximately 5 hours).

Subjective responses, blood sampling and cardiovascular measures

Subjective responses, blood samples, heart rate, and blood pressure were recorded or 

obtained before patch placement (baseline) and at 30, 60, 90, 120, 240, 300,360, 420, and 

480 minutes post-dosing. The visual analog nicotine effect scale (VANES) included 11 

subjective ratings: I feel content; I feel alert and awake; I feel calm and relaxed; I am able to 

concentrate; the strength of the dose is …; I feel lightheaded or dizzy; I feel high; I feel 

nauseated; I feel anxious or tense; I feel stimulated; my heart is beating fast (palpitations). 

Each response had a 10 cm line marked off in 0.5 cm intervals. Subjects marked the line to 

describe how much they rated the particular effect at the moment. The subjective response 

for the strength of the dose was scored as a 0 at baseline.

Analytical chemistry and genotyping

Plasma was analyzed for nicotine and its metabolites cotinine. Nicotine and cotinine 

analyses were performed by gas chromatography with nitrogen phosphorus detection.29
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CYP2A6 genotyping was performed at the University of Toronto using methods previously 

described.30,31 The following alleles were genotyped in study subjects: *1, *2, *4, *7, *8, 

*9; *10, *12, *14,*17, *20, *23, *24, *25, *26, *27 and *35. Because the number of people 

with any one particular variant genotype was small (Table 1), data analysis was performed 

comparing subjects with normal activity (*1/*1) to those with one or two reduced function 

variants (Var).

Data analysis

Plasma nicotine concentrations were analyzed as the peak concentrations and area under the 

plasma concentration-time curve (AUC). To examine the rate of absorption of nicotine as a 

predictor of toxicity, we computed the partial AUC from time zero to 90 minutes. Overall 

exposure to nicotine was estimated by the AUC from zero to 360 minutes. AUC0→90 and 

AUC0→360 were computed using the trapezoidal rule. VANES scores for each time point 

were analyzed as the change from baseline (before application of the nicotine patch). We 

used two-sample t-test to test for differences in log-AUC, log-Cmax, and BMI, the Wilcoxon 

two-sample test to test for differences in age and Tmax between individuals with toxicity and 

those without, and Fisher’s exact test to test for univariate associations between categorical 

variables. To investigate the associations between CYP2A6 genotype, and median-split 

nicotine AUC, Cmax, and Tmax on nicotine-induced toxicity, we performed a time-to-event 

analysis (also known as survival analysis) in which the event modeled was toxicity-induced 

patch removal. Genotype was entered as a categorical predictor with levels for *1/*1 

genotype vs. all variants alleles (Var). All models were adjusted for covariates age and BMI 

(as continuous variables) and gender and race. Interactions between race and main predictors 

were non-significant and were omitted from the final models. Based on the model with 

genotype as a predictor, Kaplan-Meier curves of the probabilities of nicotine-induced 

toxicity by genotype and race were generated. Statistical analyses were carried out using 

SAS v. 9.3 (SAS Institute, Inc., Cary, NC, USA). All statistical tests were considered 

significant at α = 0.05.
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Study Highlights

What is the current knowledge on the topic?

Differences in pharmacologic response to early nicotine exposure appears to be an 

important determinant of vulnerability to developing tobacco addiction.

What question this study addressed?

Pharmacokinetic and genetic factors underlying individual differences in response to 

transdermal nicotine in never smokers were characterized.

What this study adds to our knowledge?

Subjective, cardiovascular and toxic effects of transdermal nicotine in never smokers are 

associated with the rate of rise and peak plasma concentrations of nicotine and the 

presence of reduction function CYP2A6 gene variants.

How this might change clinical pharmacology and therapeutics?

Our data, in conjunction with other published research, support the idea that global 

sensitivity to nicotine, mediated in part by genetically slow metabolism of nicotine, is an 

important determinant of addiction vulnerability in non-smokers. Our data also suggest 

that CYP2A6 genotype may be a predictor of nicotine toxicity and need for dose 

modification in nonsmokers treated with transdermal nicotine for ulcerative colitis and 

other disorders.
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FIGURE 1. 
A. Plasma nicotine concentration over 8 h of all participants with toxicity and participants 

without toxicity by race. Values are geometric means and standard errors.

B. Time course of plasma nicotine concentration by CYP2A6 genotype group (wildtype, 

*1/*1, versus those with at least one variant allele, Var)
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FIGURE 2. 
Time course of perceived lightheadedness and nausea by CYP2A6 genotype group 

(wildtype, *1/*1, versus those with at least one variant allele, Var).
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FIGURE 3. 
Probability of patch removal over time by race by CYP2A6 genotype group (wildtype, 

*1/*1, versus those with at least one variant allele, Var).
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TABLE 2

Differences in changes in subjective responses (VANES) and heart rate from baseline between participants 

with CYP2A6 wildtype alleles and those with variant alleles

Differences in VANES responses between *1/*1 and variants

at 90 minutes p-value at 120 minutes p-value

VANES, mean (95% CI)

 Alert 1.0 (−0.3, 2.2) 0.13 1.7 (0.4, 2.9) 0.01

 Anxious −0.5 (−1.1, −0.02) 0.04 −0.5 (−1.1, −0.03) 0.04

 Calm 1.5 (0.2, 2.8) 0.02 1.9 (0.6, 3.1) 0.004

 Concentrate 1.9 (0.6, 3.2) 0.004 1.4 (0.1, 2.7) 0.035

 Contented 1.5 (0.1, 2.8) 0.03 1.2 (−0.2, 2.5) 0.09

 Dose perception −0.6 (−1.6, 0.4) 0.26 −1.4 (−2.5, −0.4) 0.006

 High −0.4 (−1.0, 0.2) 0.22 −0.2 (−0.8, 0.5) 0.68

 Lightheaded −1.1 (−2.0, −0.2) 0.02 −1.3 (−2.3, −0.4) 0.005

 Nausea −1.0 (−1.7, −0.3) 0.005 −1.1 (−1.8, −0.4) 0.002

 Stimulated −0.5 (−1.2, 0.3) 0.23 −0.4 (−1.1, 0.4) 0.36

 Palpitation −0.5 (−0.9, −0.01) 0.046 −0.6 (−1.1, −0.2) 0.01

Cardiovascular parameters, mean (95% CI)

 Heart rate −4.0 (−8.0, −0.1) 0.046 −4.2 (−8.1, −0.3) 0.035

NOTES: VANES = Visual Analog Nicotine Effect Scale; values presented are the differences in changes in VANES between *1/*1 and variants 
(*1/*1 minus variants); changes in VANES for subjects were computed from baseline to each time-point.
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TABLE 3

Comparison of demographic and pharmacokinetic variables between participants with nicotine toxicity 

(removed patch) and those without.

Variable No toxicity (n = 51) Toxicity (n = 9) p-valuea

Age

 mean (range) 26.5 (19–39) 26.6 (19–31) 0.617

Sex

 female (n, %) 25 (41.7%) 4 (6.7%) 1.000

 male (n, %) 26 (43.3%) 5 (8.3%)

Race

 Asian (n, %) 16 (26.7%) 4 (6.7%) 0.360

 Black (n, %) 19 (31.7%) 1 (1.7%)

 White (n, %) 16 (26.7%) 4 (6.7%)

BMI

 mean (range) 24.0 (17.3–30.5) 24.8 (21.0–30.7) 0.49

Genotypeb

 *1/*1 (n, %) 32 (55.2%) 3 (5.2%) 0.135

 Var (n, %) 17 (29.3%) 6 (10.3%)

AUC0→90 (min•ng/mL) 0.006

 GM (95% CI) 216 (182–257) 401 (267–602) 1.9 (1.2–2.9) c

AUC0→360 (min•ng/mL) 0.007

 GM (95% CI) 1714 (1544–1902) 2535 (1752–3667) 1.5 (1.1–2.0) c

Cmax (ng/mL)b 0.007

 GM (95% CI) 6.6 (6.0–7.3) 9.5 (7.5–12.0) 1.4 (1.1–1.9) c

Tmax (min)

 median (IQ range) 240 (120–420) 120 (90–420) 0.018

Notes: GM = geometric mean; IQ = interquartile range;

a
Fisher’s exact test for categorical variables, Wilcoxon two-sample test for age and Tmax, two-sample test for continuous variables;

b
genotype data for two subjects and Cmax for one subject were missing;

c
variable ratio (toxic/nontoxic group)
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Table 4

Associations between CYP2A6 genotype, nicotine pharmacokinetics and nicotine-induced toxicity (patch 

removal) obtained using time-to-event analysis.

Predictor a Hazard Ratio (95% CI) χ2 p-value

Model 1: Genotype

 variants vs. *1/*1 3.81 (0.84–17.2) 3.01 0.08

Model 2: AUC0→90

 high vs. low 5.88 (1.07–32.2) 4.16 0.042

Model 3: AUC0→360

 high vs. low 8.35 (1.40–49.6) 5.44 0.020

Model 4: Cmax

 high vs. low 6.91 (1.23–38.9) 4.81 0.028

Model 5: Tmax

 long vs. short 0.22 (0.04–1.15) 3.24 0.07

NOTES:

a
Hazard ratios (HR) were adjusted for race, sex, BMI, and age; AUC0→90 (median = 249 min•ng/mL), AUC0→360 (1886 min•ng/mL), Cmax 

(7 ng/mL), and Tmax (180 min) were median-split into categories. Chi squared (χ2) and p-values are for overall test of each predictor.
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