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Abstract

Rationale: Policies that establish a standard for reduced nicotine content in cigarettes can 

decrease the prevalence of smoking in the United States. Cigarettes with nicotine yields as low as 

0.05 mg produce substantial occupancy of nicotinic acetylcholine receptors (26%), but women and 

men respond differently to these cigarettes.

Objective: This study aimed to measure responses to smoking cigarettes that varied widely in 

nicotine yields, investigating whether sex differences in the effects on craving, withdrawal, and 

affect would be observed at even lower nicotine yields than previously studied, and in young 

smokers.

Methods: Overnight abstinent young smokers (23 men, 23 women, mean age 22.18) provided 

self-reports of craving, withdrawal, and affect before and after smoking cigarettes with yields of 

0.027, 0.110, 0.231, or 0.763 mg nicotine, and evaluated characteristics of each cigarette.

Results: Compared to abstinent young men, abstinent young women reported greater negative 

affect, psychological withdrawal and sedation, all of which were relieved equally by all cigarettes. 

Men but not women reported greater craving reduction, perceived nicotine content and cigarette 

liking with increasing nicotine dose.
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Conclusions: Men may experience less smoking-related relief of craving, and enjoy cigarettes 

less, if nicotine yields are reduced to very low levels. Conversely, women respond equally well to 

cigarettes with nicotine yields as low as 0.027 mg as to cigarettes with nicotine yields 28-fold 

higher (0.763 mg). These differences are relevant for policy regarding reduced nicotine in 

cigarettes, and may influence the efficacy and acceptability of reduced-nicotine cigarettes as 

smoking cessation aids.

Keywords

nicotine; sex differences; smoking; craving; affect; nicotine withdrawal

Introduction

Tobacco smoking remains a leading contributor to preventable disease and death, resulting 

in an estimated 6 million deaths worldwide each year (Britton, 2017) and imposing an 

estimated $1.4 trillion economic burden in health-related costs globally (Goodchild et al., 

2017). Although nicotine is considered the primary addictive pharmacological component of 

tobacco smoke, non-nicotine aspects of smoking, such as the conditioned behavioral and 

sensory aspects, also contribute to the smoking experience (Rose and Behm, 1995). 

Transdermal nicotine replacement therapy helps some smokers quit (e.g., Stead et al., 2008), 

but most who use nicotine replacement therapies eventually relapse, partly because they 

miss the behavioral and sensory aspects of smoking (Rose et al., 2000). Nicotine per se may 

be more reinforcing in men than in women (e.g., Perkins et al., 2002), which could explain 

why nicotine replacement therapies are more effective in promoting cessation in men than in 

women (Cepeda-Benito et al., 2004; Smith et al., 2017).

Importantly, women may be more sensitive than men to conditioned reinforcement from 

smoking-related cues (Perkins, 2008; Perkins et al., 2001); blocking olfactory and gustatory 

stimuli during smoking, but not the visual stimuli, reduced hedonic ratings and puff self-

administration in women but not in men (Perkins et al., 2002). Further, men but not women 

show smoking-induced ventral striatal dopamine release, and this observation is consistent 

with the notion that men smoke for the reinforcing effect of nicotine (Cosgrove et al., 2014).

Understanding the interaction between sex and the nicotine dose from smoking is an 

important consideration for the U.S. Food and Drug Administration, which has the authority 

to set a standard for reduced nicotine content in cigarettes (U.S. Congress, 2009; FDA, 

2017). Studies that have not considered the influence of sex report that cigarettes that deliver 

0.027 mg nicotine alleviate craving and withdrawal as much as a conventional cigarette 

(which deliver ~1 mg nicotine) (Faulkner et al., 2017), and that cigarettes delivering ~0.05 

mg nicotine provide as much relief as conventional cigarettes when smoked ad libitum for 

~90 min (Dallery et al., 2003; Tidey et al., 2013). One study found that smoking a cigarette 

delivering 0.05 mg nicotine alleviated craving and withdrawal less than a cigarette delivering 

0.6 mg nicotine in men, but cigarettes delivering either dose alleviated such symptoms to a 

similar extent in women (Perkins and Karelitz, 2015). However, other than our recent report 

(Faulkner et al., 2017), the efficacy of cigarettes with a full range of nicotine yields 
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(including yields as low as 0.027 mg) on craving and withdrawal has not been evaluated, nor 

has the influence of sex on these effects.

Cigarettes delivering low nicotine yields have also been considered as smoking cessation 

tools (e.g. Benowitz and Henningfield, 1994), and it is important to consider the influence of 

sex on the ability of reduced-nicotine cigarettes to improve public health. For example, 

switching to cigarettes that deliver less than conventional nicotine doses reduced nicotine 

dependence and cigarette consumption at 6 weeks compared to baseline in a sample of men 

and women (e.g., Benowitz et al., 2015; Donny et al., 2015). Notably, in a clinical trial, 

cigarettes delivering 0.05 mg nicotine aided smoking cessation when paired with a placebo 

patch as much as when paired with a nicotine patch in women, but were less effective when 

paired with the placebo compared to the nicotine patch in men (Vogel et al., 2014). These 

results led the authors to argue that cigarettes delivering very low yields of nicotine may be 

more effective at promoting cessation in women than in men.

Young smokers are of particular interest because smoking cessation before the age of 25 

usually avoids most long-term negative consequences of smoking (Doll et al., 2004). 

Reducing the nicotine content of cigarettes has been considered as a way to prevent the 

transition of young smokers from intermittent to daily smoking, which usually occurs before 

age 25 (Benowitz and Henningfield, 1994). Young smokers smoke fewer cigarettes per day, 

and exhibit less nicotine dependence than older adult smokers (Benowitz and Henningfield, 

1994). Because men typically begin smoking earlier than women (Okoli et al., 2013), young 

male and female smokers may respond differently to cigarettes with low nicotine yields. Yet 

no study has examined sex differences in how young smokers respond to smoking cigarettes 

over a full range of nicotine yields. The results could help inform both a nicotine-reduction 

policy, and the personalization and improvement of therapies for smoking cessation.

Here we provide a report of a secondary analysis of published data (Faulkner et al., 2017). 

Data pertaining to subjective evaluations of craving, withdrawal and affect were obtained 

after overnight abstinence, and again after participants smoked cigarettes delivering 0.027, 

0.110, 0.231 and 0.763 mg nicotine yield, in young smokers. Subjective evaluations of 

cigarette characteristics were also collected. The relationship between sex, smoking (pre- vs. 

post-smoking), and nicotine dose on each variable was assessed to determine the extent to 

which nicotine dose effects differ in men and women. On the basis of existing literature, it 

was hypothesized that men would show significant dose- related smoking-induced 

reductions in craving and withdrawal, and dose-related ratings of cigarette characteristics, 

whereas the responses of women would be independent of nicotine dose.

Methods

Procedure

Participants attended four testing sessions after overnight (~12 h) abstinence, verified by 

expired CO < 10 ppm (measured using a coVita monitor, Haddonfield, NJ). They were 

required to have negative urine screens for drugs of abuse (including Δ9- 

tetrahydrocannabinol) at each session. Participants rated craving, withdrawal and affect 

before and after smoking one research cigarette (four nicotine doses counterbalanced, 
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double-blind). Participants smoked one cigarette ad libitum through a smoking topography 

device (see Smoking Topography, below), and there were no time restraints for smoking, but 

participants were instructed to smoke the entire cigarette (average duration of smoking = 

4.16 ±.16 min). Participants also underwent MRI scanning both before and after smoking 

(results reported elsewhere). After smoking, participants also rated cigarette characteristics. 

Between testing sessions (mean inter-session interval = 3.14 ± 2.01 days), participants were 

allowed to smoke as usual. There was also a fifth testing session in which participants 

completed all measures described above before and after smoking one cigarette of their own 

preferred brand (results described in the Supplementary Materials).

Participants

Forty-six young smokers (23 men, 23 women) were recruited from the Los Angeles 

community via online and print advertisements, attended an intake session, and received a 

detailed explanation of study procedures (approved by UCLA’s Institutional Review Board). 

Inclusion criteria were being between 18 and 25 years and smoking ≥ 5 cigarettes per day 

for ≥ 1 year. Exclusion criteria were positive urine tests for abused drugs other than nicotine 

or cannabinoids, marijuana use > 8 times per month or consumption of alcohol > 15 days 

per month, any Axis 1 psychiatric disorders other than nicotine dependence, history of 

neurological injury, pregnancy and use of electronic cigarettes, cigars, chewing tobacco and 

snuff. Smokers who preferred menthol to non-menthol cigarettes were excluded because 

menthol increases the rate of nicotine accumulation in the brains of men but not in women 

(Zuo et al., 2015). The use of menthol cigarettes would add an important variable for which 

the study was not powered. Of the 46 participants who entered the study, 40 completed all 

testing sessions (20 men, 20 women). For detailed participant characteristics, see Table 1.

Cigarettes

Research cigarettes, manufactured by 22nd Century Group Inc. (Spectrum – Clarence, NY), 

were provided by the National Institute on Drug Abuse. As determined by the International 

Organization for Standardization Method, the nicotine yields of these cigarettes were 0.027, 

0.110, 0.231, and 0.763 mg, corresponding to nicotine contents of ~0.3, 2.1, 4.3 and 13.8 

mg/g tobacco, respectively (see Hatsukami et al., 2013). For simplicity, research cigarettes 

will be identified by their nicotine yield, not content. The cigarettes were non-mentholated, 

were well matched on level of regular tar (9 ± 1.5 mg), and did not vary in ventilation 

(Hatsukami et al., 2013).

Smoking Topography

A Clinical Research Support System (CReSS) topography monitor (Borgwaldt KC, 

Richmond, VA) was used to record the number of puffs per cigarette, and the average 

volume and duration of each puff.

Nicotine, Metabolites and NMR

Twenty-nine participants provided blood samples for assay of plasma nicotine (fifteen before 

and after smoking), and fourteen after smoking only. Nicotine concentrations in plasma were 

assayed by Quest Diagnostics, as described before (Faulkner et al., 2017). All participants 
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provided blood samples for assay of the 3’-hydroxycotinine:cotinine ratio in plasma, which 

was determined by liquid chromatography-tandem mass spectrometry as described before 

(Tanner et al., 2015).

Questionnaires

The Fagerström Test for Nicotine Dependence (FTND) (Fagerström, 2012) was 

administered at the beginning of the first testing session to quantify the level of nicotine 

dependence. The Shiffman-Jarvik Withdrawal Scale was administered to obtain data on five 

subscales (craving, psychological withdrawal, physiological withdrawal, stimulation/

sedation and appetite), all of which were combined to calculate a ‘total withdrawal’ score 

(Shiffman and Jarvik, 1976). The Positive and Negative Affect Schedule (Watson et al, 

1988) was also administered to quantify positive and negative affect, and the Cigarette 

Characteristics Questionnaire (Hatsukami et al, 2013b) was administered to evaluate ratings 

of flavor, strength, harshness, level of nicotine, and cigarette liking and disliking, all of 

which were combined to calculate a ‘total cigarette rating’ score.

Statistics

Statistical analyses were performed in the Statistical Package for Social Scientists (SPSS 22; 

IBM, Chicago, IL). Data from all 46 (40 completers) were included in the final analyses. For 

pre-post smoking measures, separate but parallel linear mixed models were performed, with 

relevant scores added as the dependent variable, and time (pre-post smoking), cigarette type 

(4 research cigarettes) and sex was added as separate factors. Because nicotine clearance, as 

indicated by the nicotine metabolite ratio (i.e., 3’- hydroxycotinine:cotinine ratio in plasma, 

NMR), influences responses to smoking reduced-nicotine cigarettes (Faulkner et al., 2017), 

NMR was also added to the model as a covariate of no interest to control for its influence. 

To examine sex differences in withdrawal measures during abstinence and in ratings of 

cigarette characteristics obtained post-smoking, the same models as above were used, except 

that time (pre- vs. post- smoking) was not included in the model.

Multiple comparisons were performed as follows. For the Shiffman-Jarvik Withdrawal Scale 

and Cigarette Characteristics Questionnaire, Fisher’s Least Significant Difference method 

was used. Following omnibus tests (linear mixed models) on a ‘total withdrawal score’ and 

‘total cigarette rating’ score, respectively, separate but parallel tests for each subscale were 

performed after the total was deemed significant. The Bonferroni correction was used for the 

two outcome measures in the PANAS (critical p ≤ 0.025). For smoking topography, three 

variables (puffs/cigarette, average puff volume, and puff duration) were accounted for using 

the Bonferroni-correction (critical p ≤ 0.0125)

Results

Participant Characteristics

Forty-six daily smokers (23 women), mean age 22.28 (SD = 2.19) were included in the final 

analyses (Table 1). Of these, 40 (20 women) completed all 4 testing sessions. Plasma 

nicotine and smoking topography were measured in only 29 and 36 completing participants, 

respectively. There were no sex differences in FTND scores (F(1,38) = 0.568, p = 0.456), 
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cigarettes smoked per day (F(1,38) = 0.667, p = 0.419), or NMR (F1,38) = 0.002, p = 

0.968).

Pre-Smoking Measures

Withdrawal and Craving (see Table 2 and Fig. 1)—Compared to men, women 

reported greater total withdrawal (F(1,38) = 9.197, p = 0.004, Cohen’s f2 = 0.24). 

Examination of the subscales on the SJWS revealed that compared to men, women reported 

more psychological withdrawal (F(1,38) = 7.210, p = 0.010, Cohen’s f2 = 0.19), greater 

sedation (F(1,38) = 9.373, p = 0.04, Cohen’s f2 = 0.25). There were trends towards women 

endorsing greater craving and appetite, but there were no sex differences in pre-smoking 

physiological withdrawal or appetite (see Table 2).

Affect (see Table 2 and Fig. 2).—Compared to men, women reported less positive affect 

(F(1,38) = 9.576, p = 0.004, an effect that exceeded the Bonferroni-corrected criterion of p ≤ 

0.025, Cohen’s f2 = 0.25). There also was a trend towards greater negative affect (F(1,38) = 

4.934, p = 0.032, but this effect did not reach the Bonferroni-corrected criterion for 

significance (see Table 2).

Measures Obtained During Smoking and Effects of Smoking

Smoking Topography—There were no sex differences in puff count, duration volume 

when smoking (all ps > 0.082).

Plasma Nicotine—There was a main effect of smoking (F(1,111) = 13.160, p < 0.001, 

Cohen’s f2 = 0.41), and a significant smoking-by-nicotine dose interaction (F(3,93) = p = 

0.002) on plasma nicotine levels. There was no main effect of sex no sex-by-smoking 

interaction, and no sex-by-smoking-by-nicotine dose interaction on plasma nicotine levels 

however (all ps > 0.537).

Withdrawal and Craving (see Table 2 and Fig.1)—Smoking the reduced-nicotine 

research cigarettes significantly reduced the total withdrawal score (19% reduction; F(1,263) 

= 105.887, p < 0.001, Cohen’s f2 = 0.39), and did so in women more than in men (27% vs 

15%; sex-by-smoking interaction; F(1,274) = 5.763, p = 0.017, Cohen’s f2 = 0.03), with no 

effect of nicotine dose (no sex-by-smoking–by-nicotine dose interaction; F(3, 263) = 0.807, 

p = 0.491). Examination of the individual subscales of the SJWS revealed that smoking 

decreased psychological withdrawal (30% reduction; F(1,263) = 101.158, p < 0.001, 

Cohen’s f2 = 0.38), and did so more in women than in men (39% vs 21%; F(1,263) = 8.193, 

p = 0.005, Cohen’s f2 = 0.04). Further, there was no smoking-by-nicotine dose interaction 

and no sex-by- smoking-by-nicotine dose interaction (F(6,264) = 1.402, both p’s > 0.213; 

see Table 2).

Smoking also decreased sedation (15% reduction; F(1,263) = 18.322, p < 0.001, Cohen’s f2 

= 0.07), and did so more in women than in men (24% vs 5%; F(1,263) = 7.675, p = 0.006, 

Cohen’s f2 = 0.03). Further, there was no smoking-by-nicotine dose interaction and no sex-

by-smoking-by-nicotine dose interaction (both p’s > 0.388; see Table 2).
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Smoking decreased appetite (13% reduction; F(1,263) = 20.408, p < 0.001, Cohen’s f2 = 

0.08), and did so more in women than in men (7% vs 20%; F(1,263) = 4.691, p = 0.031, 

Cohen’s f2 = 0.02). Further, there was no smoking-by-nicotine dose interaction and no sex-

by-smoking-by-nicotine dose interaction (both p’s >0.274; see Table 2).

Although there was a significant effect of smoking on cigarette craving (29% reduction; 

F(1,263) = 183.946, p < 0.001, Cohen’s f2 = 0.70), there was no smoking-by- sex interaction 

(F(1,263) = 2.127, p = 0.146). However, while there was no smoking-by- nicotine dose 

interaction (F(3,274) = 1.308, p = 0.272), there was a significant sex-by- smoking-by-

nicotine dose interaction (F(6,264) = 2.439, p= 0.026, Cohen’s f2 = 0.14). Post-hoc tests 

revealed that this was driven by a smoking-by-nicotine dose interaction in men (F(3,1353) = 

2.939, p = 0.035, Cohen’s f2 = 0.07) but not in women (F(3,133) = 0.236, p = 0.871).

Finally, there were no main or interactive effects of smoking or sex on physiological 

withdrawal (all ps > 0.130).

Affect (see Table 2 and Fig 2).—Smoking increased positive affect (12% increase; 

F(1,263) = 25.371, p < 0.001, Cohen’s f2 = 0.10) and decreased negative affect (14% 

reduction; F(1,263) = 30.052, p < 0.001, Cohen’s f2 = 0.12). Smoking increased positive 

affect more in women than in men (22% vs 6%; sex-by-smoking interaction: F(1,263) = 

6.909, p = 0.009, Cohen’s f2 = 0.03), and decreased negative affect more in women than in 

men (25% vs 3%; sex-by-smoking interaction: F(1,263) = 16.677, p < 0.001,Cohen’s f2 = 

0.07), both of which remained significant after Bonferroni correction,. However, there were 

no smoking-by-nicotine dose or sex-by-smoking-by-nicotine dose interactions however (all 

ps > 0.398).

Cigarette Characteristics Questionnaire (see Table 3 and Fig. 3)—There was a 

significant main effect of dose on the total cigarette rating (F(3, 92) = 4.257, p = 0.007, 

Cohen’s f2 = 0.14), and a significant sex-by-nicotine dose interaction on these ratings (F(3, 

92) = 3.835, p = 0.012, Cohen’s f2 = 0.12). Examination of the individual subscales revealed 

a sex-by-nicotine dose interaction on perceived nicotine content (F(3,93) = 3.8876, p = 

0.011, Cohen’s f2 = 0.13). Post-hoc analysis revealed that this interaction was driven by a 

main effect of dose in men (F(3,44) = 4.358, p = 0.009, Cohen’s f2 = 0.30) but not in women 

(F(3,44) = 1.532, p = 0.168).

Further, there was a significant sex-by-nicotine dose interaction on cigarette liking (F(3,93) 

= 3.952, p = 0.011, Cohen’s f2 = 0.13) and disliking (F(3,93) = 3.200, p = 0.027, Cohen’s f2 

= 0.10). Post-hoc analyses revealed that these interactions were driven by a main effect of 

dose in men (liking - F(3,44) = 6.070, p = 0.001, Cohen’s f2 = 0.41; disliking - F(3,44) = 

8.356, p > 0.001, Cohen’s f2 = 0.57) but not in women (liking - F(3,44) = 1.954, p = 0.133; 

disliking - F(3,44) = 2.046, p = 0.120). There were no main or interactive effects of sex and 

nicotine dose on ratings of flavor, strength, or harshness (all ps > 0.220).
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Discussion

This study of young smokers provides evidence that young women have greater abstinence-

induced psychological and affective withdrawal symptoms than young men, and that 

smoking reduced-nicotine cigarettes relieves these symptoms in women more than in men. 

Further, the results indicate that smoking-induced reductions in craving and ratings of 

cigarette characteristics depend on nicotine dose in men but not in women. These findings 

have implications both for policy regarding regulation of cigarette constituents and 

therapeutic approaches to improve smoking cessation. One potential implication of this 

finding is that a policy to reduce the nicotine content of cigarettes to reduce the prevalence 

of smoking may be more successful in women than in men.

The findings that men, but not women, exhibit dose-dependent reductions in cigarette 

craving and less relief of negative affect than women due to smoking reduced nicotine 

cigarettes are consistent with the previous observation that men (but not women) reported 

less reduction in withdrawal and negative affect due to smoking a cigarette delivering 0.05 

mg nicotine compared to a conventional cigarette (delivering ~1 mg nicotine) (Perkins and 

Karelitz, 2015). The current study found no effect of nicotine dose on negative affect. 

Previously, smoking cigarettes delivering 0.6 mg nicotine was more effective in this regard 

than smoking cigarettes delivering 0.05 mg nicotine (Perkins and Karelitz, 2015). This 

difference could be due to the fact that the male smokers in the current study reported 

substantially less negative affect during abstinence (~16% of the maximal score) as 

compared to participants in the study by Perkins and Karelitz (2015) (~25% of the maximal 

score). This difference could reflect the younger age (mean age = 22.28 vs 27.18), lower 

nicotine dependence (mean FTND = 3.55 vs 4.54), or fewer cigarettes smoked per day 

(11.59 vs 14.91) in the present study as compared to the study by Perkins and Karelitz 

(2015).

The results add to previous findings by showing that the sensitivity to nicotine dose observed 

in men (but not in women) extends to ratings of cigarette characteristics such as the 

perception of nicotine content and cigarette liking. That women could not distinguish 

between cigarettes with different nicotine contents, and reported similar liking for each 

cigarette, despite a >25-fold difference between the highest and lowest nicotine yield, 

contributes to the existing literature showing that women may respond more favorably to a 

reduction in the nicotine content of cigarettes than men. For example, in a study of smokers 

who were motivated to quit, switching to cigarettes delivering 0.05 mg nicotine helped 

women quit smoking more than men (Vogel et al., 2014).

In this study, women reported greater negative affect, psychological withdrawal and sedation 

after overnight abstinence than did men. These findings mirror prior observations in our 

laboratory showing that, relative to men, women report significantly greater psychological 

withdrawal on the SJWS, and greater negative affect during abstinence (Xu et al., 2008). 

Such results indicate that the psychological and affective aspects of withdrawal may 

particularly hinder smoking cessation in women, who report more difficulty maintaining 

abstinence during stressful life events than men (McKee et al., 2003). Furthermore, the 

results of Xu et al (2008) also indicate that smoking relieves these symptoms in women 

Faulkner et al. Page 8

Psychopharmacology (Berl). Author manuscript; available in PMC 2019 September 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



more than in men, and the present findings indicate that such relief does not depend on 

nicotine dose. The greater effectiveness of reduced-nicotine cigarettes as smoking cessation 

aids in women than in men (Vogel et al., 2014) may partly reflect the fact that, when smoked 

for at least 6 weeks by both male and female smokers, these cigarettes can reduce nicotine 

dependence (e.g., Donny et al., 2015) and relieve specific withdrawal symptoms that may 

particularly contribute to greater difficulty in smoking cessation by women.

Male-female differences in the response to reduced-nicotine cigarettes may be related to 

nicotine pharmacokinetics. In a previous report on the same sample of research participants, 

we showed that normal metabolizers of nicotine only (not slow metabolizers of nicotine) had 

greater reductions in cigarette craving and the appetite subscales of the SJWS as nicotine 

dose increased (Faulkner et al., 2017), indicating less sensitivity to nicotine dose in slow 

compared to normal metabolizers. Despite the fact that women are typically faster 

metabolizers than men (Benowitz et al., 2006; Johnstone et al., 2006), this investigation 

showed less sensitivity to nicotine dose in women than in men, suggesting that variation 

between men and women reported here is not explained by variation in rates of nicotine 

clearance.

Sex differences in neurochemical responses to smoking may be related to the findings 

reported here. Men show more smoking-induced dopamine release in the right ventral 

striatum but women do not, and instead show dopamine release in the dorsal putamen, 

suggesting that men smoke for reinforcement whereas women smoke for other reasons 

(Cosgrove et al., 2012). This interpretation is broadly consistent with our finding that 

women report similar levels of cigarette liking and experience similar reductions in craving 

regardless of nicotine content. Other neurochemical sex differences have been reported, but 

how they are linked to the present findings is not clear. Notably, male smokers have lower 

striatal dopamine D2-type receptor availability than male non-smokers, whereas no effect of 

smoking status is seen in females (Brown et al., 2012), yet female smokers have greater 

midbrain dopamine D2-type receptor availability than female non-smokers, suggesting that 

midbrain dopamine receptor activity may protect women from nicotine dependence (Okita et 

al., 2016). In addition, male smokers have higher dopamine and serotonin transporter 

availabilities than male non-smokers, with no effect of smoking status in females (Staley et 

al., 2001). Sex differences have also been observed in functional connectivity of large-scale 

neural networks (Wetherill et al., 2014) and in brain structure of smokers compared to non-

smokers (Duriez et al., 2014; Franklin et al., 2014), but they have not been explicitly tied to 

smoking- related behaviors.

Information from this study can guide policy regarding effects of reduction in nicotine 

content of cigarettes on young smokers. Our results indicate that reductions in the nicotine 

content of cigarettes may be tolerated well by young females, but for young male smokers, 

reducing nicotine content to very low levels may produce transient increases in cigarette 

craving. Therefore, young male smokers may seek nicotine from other sources, such as 

electronic cigarettes, to alleviate increases in craving induced by switching to reduced 

nicotine cigarettes. Conversely, it could be argued that the lack of nicotine dose effects in 

young women indicates that if conventional cigarettes were replaced with cigarettes 

delivering as little as ~0.027 mg nicotine, women would initially continue to smoke because 
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they like these cigarettes as much as those delivering much higher doses. However, in older, 

adult male and female smokers, switching to cigarettes that deliver ~0.05 mg nicotine for 6 

weeks reduces both the number of cigarettes smoked per day and the effect of overnight 

abstinence on cigarette craving at week 6 compared to baseline measures (Donny et al., 

2015). Further, the dose effects on the perception of nicotine content and on cigarette liking 

in men indicate that reducing the nicotine content of cigarettes may render them less 

reinforcing (at least initially) and thereby less acceptable to young male smokers than 

conventional cigarettes delivering ~1 mg nicotine.

This investigation had some limitations. Menstrual cycle phase and hormone levels in female 

participants was not evaluated or considered here. Further, this study included only young 

smokers, who typically display lower levels of nicotine dependence, smoke fewer cigarettes 

per day, and have shorter smoking histories than older adult smokers (CDC, 2016). The low 

levels of dependence and small number of cigarettes smoked per day could partly explain the 

few effects of nicotine dose observed in this study, as the specific amount of nicotine intake 

may have less influence on smoking- induced relief in low-dependent smokers. Therefore, 

the results of this study may not be generalizable to the wider population of smokers. Also, 

plasma nicotine levels were not obtained from most participants.

In conclusion, this investigation demonstrated clear sex differences in the affective and 

psychological aspects of withdrawal and in responses to smoking reduced nicotine 

cigarettes. All cigarettes, even those with negligible nicotine content, effectively alleviated 

craving and withdrawal and improved affect in young women, which may explain why 

reduced-nicotine cigarettes may be more effective in promoting smoking cessation in 

women than in men. Reducing the nicotine content of cigarettes may initially lead to young 

male smokers to experience transient increases in cigarette craving, and to experience 

transient reductions in the reinforcing effects of smoking.
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Figure 1. Psychological withdrawal (top), sedation (middle) and cigarette craving (bottom) in 
women (left) and men (right) both before and after smoking.
Women reported greater psychological withdrawal, greater sedation, and a trend towards 

greater craving than men during abstinence. Women also reported greater reductions in 

psychological withdrawal and sedation than men due to smoking, with no effect of nicotine 

dose. Men reported greater reductions in craving after smoking cigarettes delivering ≥0.231 

mg nicotine than after smoking cigarettes delivering ≤0.231 mg nicotine.
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Figure 2. Positive affect (top) and negative affect (bottom) in women (left) and men (right) both 
before and after smoking.
Women reported less positive affect and greater negative affect than men during abstinence. 

Women also reported greater improvements in positive affect and greater reductions in 

negative affect than men due to smoking, with no effect of nicotine dose.
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Figure 3. Cigarette liking (top), cigarette disliking (middle) and perceived nicotine content 
(bottom) in women (left) and men (right).
Women reported no effect of nicotine dose on all three cigarette ratings, whereas men 

reported greater liking, less disliking and greater perceived nicotine content as the nicotine 

content of the cigarette increased. These scores were obtained after smoking only.
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Table 1.

Participant Characteristics

Entire Sample 
a Men Women

Sex (n) 23/23 23 23

Age (years) 
b 22.28 (2.19) 22.51 (1.29) 22.05 (1.97)

Education (years) 13.79 (1.70) 13.96 (2.22) 13.61 (2.13)

Ethnicity (no. of participants)

 White Caucasian 19 10 9

 African American 10 4 6

 Asian American 8 5 3

 Hispanic 6 2 4

 Other 3 1 2

Cigarette smoking 
b

 Age of first use (years) 16.37 (2.20) 16.75 (2.41) 15.99 (1.89)

 Cigarettes per day 11.59 (6.17) 12.40 (9.25) 10.78 (3.54)

 Nicotine Dependence 
c 3.55 (2.03) 3.67 (1.91) 3.43 (2.26)

Substance Use 
b

 Marijuana (days used in past 30) 1.43 (2.10) 1.84 (2.32) 1.02 (0.38)

 Alcohol (drinks per week) 2.92 (3.89) 3.39 (4.42) 2.45 (3.13)

Nicotine Metabolite Ratio
b 0.40 (0.23) 0.41 (0.217) 0.39 (0.26)

a
Of the 46 participants, 40 (20 men, 20 women) completed all assessments, including five test sessions.

b
mean (SD).

c
Determined using the Fagerström Test for Nicotine Dependence.
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Table 2.

Effects of sex and smoking on withdrawal, craving and affect

Main effect of sex pre-smoking Sex-by-smoking interaction Sex-by-smoking-by-dose interaction

Craving 0.054 0.146 0.026*

Psychological Withdrawal 0.010* 0.004* 0.214

Physiological Withdrawal 0.298 0.287 0.619

Stimulation/Sedation 0.040* 0.006* 0.388

Appetite 0.070 0.031* 0.275

Positive Affect 0.004* 0.009* 0.618

Negative Affect 0.032 <0.001* 0.447

Values denote p-values. Asterisks denote significant results. There was no effect of testing day on pre-smoking scores of withdrawal on any of the 
SJWS subscales, or on pre-smoking scores of positive or negative affect (all ps > 0.236).
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Table 3.

Perceived Cigarette Characteristics

Main effect of dose Sex-by-dose interaction

Perceived Nicotine Content 0.031* 0.011*

Liking 0.025* 0.011*

Disliking 0.002* 0.027*

Flavor 0.301 0.198

Strength 0.220 0.283

Harshness 0.419 0.333

Values denote p-values. Asterisks denote significant results.
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