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Introduction

Smoking behavior acutely increases during negative mood experi-
ences.1–3 This observation clearly may help explain why negative 
affect (e.g. sad mood, anxiety) is a critical symptom of tobacco 
withdrawal that is strongly predictive of smoking persistence4 and 
of smoking relapse among those trying to quit.5–7 Similarly, smoking 
acutely relieves negative affect that arises due to tobacco depriva-
tion (i.e. withdrawal) but not most negative affect that is caused by 
“stressors” or other environmental challenges.8

Smokers often vary in their degree of relief from withdrawal-

induced negative affect by smoking and in the influences of accom-

panying conditions.9 Yet, relatively few controlled studies have 

specifically assessed individual differences in affective responses to 

acute smoking behavior. Some responses to smoking during negative 

mood situations, including tobacco deprivation, may be greater in 

women than men. In one study, women reported greater increase in 

negative affect due to overnight abstinence and also greater subse-

quent relief of that negative affect by resuming smoking, compared 
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Abstract

Introduction: Acute cigarette smoking may relieve withdrawal and negative affect due to tobacco 
abstinence to a greater extent in women versus men. Yet, the relative contribution of the cigarette’s 
nicotine content to this sex difference is not clear.
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denicotinized (Quest 3, 0.05 mg) cigarette. Withdrawal symptoms were obtained before and after 
smoking, and negative affect was assessed after each period of cigarette exposure consisting of 6 
puffs every 25 min.
Results: Men and women did not differ in baseline withdrawal and negative affect due to overnight 
abstinence, but reductions in each symptom were significantly influenced by the interaction of sex 
× nicotine/denicotinized cigarette (both p < .05). In men, but not in women, each symptom was 
generally decreased more by the nicotine versus denicotinized cigarette, and the nicotine cigarette 
reduced each to a greater degree in men versus women.
Conclusions: Sex differences in relief of abstinence-induced withdrawal and negative affect due to 
the nicotine content in cigarettes are consistent with prior research indicating that nicotine per se, 
compared to non-nicotine smoke stimuli, is less rewarding in women versus men.
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to men.10 Indirect support for the notion that women are more 
responsive to smoking-related relief from negative affect also comes 
from tobacco industry documents that summarize industry research 
on smoking preferences in men and women (reported by 11). For 
example, British-American Tobacco (BAT) documents indicated “the 
role of smoking relates to emotions and sensory pleasure for women, 
and habit and reward for men”.11

Because a quit attempt requires refraining from smoking when 
experiencing negative affect due to abstinence, greater subjective 
relief from smoking in women could also help explain their often 
greater difficulty when quitting.12–16 Supporting this notion, women 
may be more likely to view smoking as a way to manage their 
mood17,18, and negative affect after quitting may predict relapse 
more strongly in women than men.19,20 In other research, compared 
to men, women admit to less ability to manage the perceived risks of 
attempting to quit smoking, which is predictive of poorer cessation 
outcome.21 Perhaps similarly, a history of depression more strongly 
predicts poor cessation outcome in women relative to men22.

Moreover, largely unexamined is sex differences in the relative con-
tributions of pharmacological and nonpharmacological (e.g. smoke 
stimuli other than nicotine) factors to relief of negative affect from 
acute smoking behavior, although men and women generally do not 
appear to differ in nicotine pharmacokinetics.23 Because we have con-
sistently found that the smoking behavior of women seems to be influ-
enced less by nicotine per se and more by non-nicotine factors, relative 
to men24,25, potentially greater relief of negative affect from smoking in 
women may not be due to the resulting intake of nicotine. Laboratory 
studies manipulating nicotine content in cigarettes show that women, 
compared to men, are generally less sensitive to nicotine on self-report 
ratings of “reward”26,27, and more sensitive to non-nicotine factors (e.g. 
cues, olfactory smoke stimuli;28–30). Other research also is consistent 
with a lesser influence of nicotine, and greater influence of various non-
nicotine smoking factors, on tobacco dependence in women.31,32

This study used a within-subjects design to assess acute effects 
of intermittently smoking nicotine versus denicotinized cigarettes on 
relief of withdrawal and negative affect in male and female depend-
ent smokers who were abstinent overnight. Each cigarette was 
administered to participants blind to brand markings and nicotine 
content, with the amount of smoking intake (i.e. topography) con-
trolled. Comparing nicotine versus denicotinized cigarettes under 
these conditions can determine nicotine inhalation effects per se, 
which we hypothesized would be less in women compared to men. 
As outlined above, this hypothesized sex difference was expected 
partly owing to the greater sensitivity of women to the non-nicotine 
aspects of smoking any cigarette, whether nicotine or denicotinized.

Method

Participants
Study participants (N  =  44; 21 men, 23 women) were those who 
smoked at least 10 cigarettes per day for at least 1 year and met DSM-IV 
criteria for nicotine dependence33, according to a structured interview 
(updated from34). (Because nondependent smokers often do not expe-
rience withdrawal due to abstinence, virtually by definition35, testing 
dependent smokers was necessary here to ensure that overnight absti-
nence would result in withdrawal and negative affect symptoms, which 
could then be relieved by acute smoking.) Men and women did not 
differ on any characteristics, with respective means (±SD) of 14.9 ± 4.1 
versus 14.5 ± 4.1 cigarettes/day and scores of 4.8 ± 1.9 versus 4.3 ± 1.6 
on the Fagerstrom Test of Cigarette Dependence (previously called the 

Fagerstrom Test of Nicotine Dependence, FTND;36). The nicotine yield 
of their preferred brand was 1.0 ± 0.2 versus 1.0 ± 0.2 mg, 67% of men 
versus 52% of women were nonmenthol smokers, and their respec-
tive ages were 28.6 ± 11.5 versus 25.9 ± 8.0  years. Participants were 
recruited from the surrounding community and most self-identified as 
Caucasian (88.6%), with 9.1% African-American, and 2.3% Asian. 
We excluded those currently taking medications to treat serious psy-
chological problems (e.g. psychosis, major depression).

Withdrawal, Negative Affect
Nicotine withdrawal was assessed by the Minnesota Nicotine 
Withdrawal Scale (MNWS;37) using the following six items: 
depressed mood/sad, anxious/nervous, irritable/angry/frustrated, 
difficulty concentrating, restless/impatient, and drowsiness. Negative 
affect (NA) was measured by Diener and Emmons38 Mood Form, 
shown to be sensitive to a variety of mood manipulations, includ-
ing overnight abstinence8. For each measure, items were rated on a 
0 (“not at all”) to 100 (“extremely”) visual analog scale (VAS) and 
averaged across symptoms to get a total withdrawal or total NA 
score.

Procedure
Participants were first screened by telephone on their smoking and 
health history and scheduled for an introductory session in the labo-
ratory to obtain written informed consent and verify eligibility. They 
then engaged in two 2-hr experimental sessions on separate days, 
each following overnight abstinence (>12 hr) and differing only in 
the nicotine content of the cigarette made available, nicotine or 
denicotinized, which were presented under blind conditions and in 
counter-balanced order. The moderate nicotine brand was QuestR 1 
(yield of 0.6 mg nicotine, 9 mg tar) and the denicotinized (“denic”) 
brand was QuestR 3 (yield < 0.05 mg nicotine, 9 mg tar), formerly 
sold commercially by Vector Group, Ltd. (Miami, FL). Menthol 
smokers received menthol Quests; non-menthol smokers received 
non-menthol Quests. All Quest cigarettes had identifiable markings 
covered to keep subjects blind to brand, as in prior research.39

Upon arrival to each session, participants provided expired-air 
CO to confirm overnight abstinence (CO < 10 ppm;40) and com-
pleted the withdrawal and NA measures to provide baseline values 
for effects of abstinence prior to any smoking behavior. Then, prior 
to each of four trials, one every 25 min, participants self-adminis-
tered six puffs over 3 min, one puff every 30 s, on the nicotine or 
denic cigarette assigned for that session. All smoking was done via 
the portable Clinical Research Support System (“CReSS Pocket”; 
Borgwaldt KC, Inc., Richmond VA; http://borgwaldt.hauni.com/en/
instruments/smoking-machines/smoking-topography-devices/cress-
pocket.html), which assesses puff volume (in ml;41,42). Exact puff 
timing and duration were guided by computer-presented puffing 
instructions to standardize intake at about 60 ml per puff (consistent 
with ad lib puffing;42), as in our prior studies of controlled smoke 
exposure, including with the CReSS8. After the first trial of smoking, 
subjects rated the cigarette on “how much nicotine” they perceived43, 
using the same 0–100 VAS as in the withdrawal and NA measures 
(described above), to gauge ability to perceive the cigarette’s nico-
tine content. NA was assessed after each smoking trial, and with-
drawal was assessed after the completion of these four trials. (The 
post-smoking withdrawal measure is missing from one male and 
one female during one session each, and so they were excluded 
from analyses of withdrawal relief due to smoking.) Also, CO was 
again obtained after the last trial of each session to gauge exposure 

http://borgwaldt.hauni.com/en/instruments/smoking-machines/smoking-topography-devices/cress-pocket.html
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during this intermittent smoking from the nicotine and denicotinized 
cigarettes.

Data Analyses
All analyses were conducted using IBM SPSS 21.0. The primary 
dependent measures were NA and withdrawal, focusing on the 
change in each from baseline, prior to smoke exposure, to post-
smoking of the nicotine versus denicotinized cigarettes. Preliminary 
analyses showed no effects of cigarette condition order between 
sessions, and so data were collapsed between orders in analyses of 
variance (ANOVAs) for these responses. The between-subjects factor 
was subject sex, and the within-subjects factor was cigarette condi-
tion (nicotine, denicotinized). Follow-up comparisons for significant 
ANOVA results were conducted with least significant difference 
(LSD) t-tests.44 Effect sizes for responses of particular interest are 
presented by partial eta-squared values (ŋp

2), which indicate the per-
cent of variance explained.

Results

Affective Responses to Smoking

Withdrawal
Mean (SE) baseline withdrawal after overnight abstinence did not 
differ between men and women, 29.3 ± 3.8 versus 35.1 ± 3.6, respec-
tively, F(1,42) = 1.23, p > .20, As expected, withdrawal decreased 
after smoking, F(1,40) = 20.60, p < .001, ŋp

2 = 0.340, with no dif-
ferential decrease in withdrawal due to main effects of sex or of 
cigarette condition, both F(1,40) < 1. Notably, however, this with-
drawal relief due to smoking was significant for the interaction of 
sex × cigarette condition, F(1,40) = 4.55, p < .05, ŋp

2 = 0.102. As 
shown in Figure 1, withdrawal decreased more following the nic-
otine versus denic cigarette for men, F(1,19)  =  5.24, p < .05, but 
not for women, F(1,21) = 1.02, n.s. In follow-up tests, withdrawal 
decreased marginally less in women versus men after the nicotine 
cigarette, t(41) = 1.74, p < .10, but decreased significantly more in 
women versus men after the denic cigarette, t(41) = 2.64, p < .02.

Negative Affect
Baseline NA also did not differ between men and women, 
21.1 ± 3.6 versus 25.0 ± 3.4, respectively, F(1,42) < 1. Very similar 
to the results for withdrawal, NA decreased after acute smoking, 
F(1,42)  =  33.01, p < .001, ŋp

2  =  0.440, and this decrease in NA 
did not differ due to main effects of sex, F(1,42) = 1.03, n.s., or of 
cigarette condition, F(1,42) < 1. Yet, again, the decrease in NA due 
to smoking was significantly influenced by the interaction of sex × 
cigarette condition, F(1,42) = 4.17, p < .05, ŋp

2 = 0.090. As shown 
in Figure 2, NA decreased from pre-smoking baseline following the 
nicotine versus denic cigarette to a marginally greater extent for 
men, F(1,20) = 4.07, p < .06, but not at all for women, F(1,22) < 
1. Follow-up tests showed that NA decreased significantly less in 
women versus men after the nicotine cigarette, t(41)  =  3.28, p < 
.005, but NA decreased similarly in women and men after the denic 
cigarette, t(41) < 1.

For all subjects, NA decreased significantly from baseline even 
after just the first trial of six puffs (perhaps simulating a brief lapse), 
whether from the nicotine, −7.0 ± 1.6, t(42) = 3.82, p < .001, or denic 
cigarette, −5.0 ± 1.5, t(42) = 2.74, p < .01. The interaction of sex × 
cigarette condition, F(1,42) = 3.14, p < .10, ŋp

2 = 0.069, was mar-
ginal, however, as the respective decline in NA from baseline due 

to six puffs tended to be less in women than men (−4.7 vs. −9.4) 
following the nicotine cigarette but more in women than men (−6.0 
vs. −3.8) following the denic cigarette. Thus, the pattern of sex dif-
ferences in NA response to very brief smoking was somewhat similar 
to the interaction for NA change from baseline over all four trials of 
smoking (Figure 2 and above).

Control Over Smoke Intake
Mean (SE) puff volume from the six puffs on each trial was less 
on the nicotine versus denicotinized cigarette smoking sessions, 
296 ± 12 versus 354 ± 13 ml, respectively, F(1,42) = 26.83, p < .001, 
ŋp

2 = 0.390. Yet, there was no difference in puff volume across the 

Figure  1. Mean (SE) withdrawal for men (top) and women (bottom) after 
overnight tobacco abstinence (baseline, BL) and after 24 controlled puffs from 
the nicotine or denicotinized (denic) cigarette through trial 4 (T4; *p < .05 for 
difference between cigarette conditions in decline due to smoking).
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4 smoking trials, F(3,40) = 1.02, p > .20, or due to the interaction 
of trial × nicotine/denicotinized cigarette, F(3,40) < 1.  Although 
the main effect of sex was significant, F(1,42) = 10.15, p < 0.005, 
ŋp

2  =  0.195, there was no interaction of sex × nicotine/denico-
tinized cigarette, F(1,42) < 1, or trial × sex × cigarette condition, 
F(3,40) = 1.51, p > .20. Puff volume across trials was comparably 
smaller for the nicotine versus denicotinized cigarette, respectively, 
in both men (328 ± 17 vs. 390 ± 18 ml) and women (264 ± 16 vs. 
317 ± 18 ml).

In contrast, CO increased from baseline more after smoking the 
nicotine cigarette, from 5.5 ± 0.3 to 23.5 ± 1.1 ppm, compared to the 
denic cigarette, from 5.4 ± 0.3 to 19.4 ± 1.1 ppm, F(1,42) = 14.35,  
p < .001, ŋp

2 = .255. Importantly, though, there were no significant 

effects on CO of sex, F(1,42) = 1.98, p > .10 or interaction of sex 
× cigarette condition, F(1,42) < 1.  Very similarly, mean perceived 
ratings of “how much nicotine” were higher for the nicotine ver-
sus denic cigarette, 56.8 ± 3.8 versus 32.4 ± 3.7, F(1,42)  =  20.14,  
p < .001, ŋp

2 = .324, as would be expected, but again there were no 
significant effects of sex or the interaction of sex × cigarette condi-
tion, both F(1,42) < 1.

In sum, puff volume was less but CO boost and perceived nico-
tine amount were greater for the nicotine versus denic cigarette. Yet, 
men and women did not differ at all in these relative responses to 
the two different cigarettes, in sharp contrast to their differential 
affective responses.

Discussion

These results indicate that acute nicotine intake from cigarette smok-
ing after overnight abstinence differentially relieves withdrawal and 
reduces negative affect in men versus women. For men, acute smok-
ing of a regular nicotine cigarette reduced withdrawal and (margin-
ally) negative affect more than smoking a denic cigarette, while for 
women these responses did not differ due to the nicotine content 
of the cigarette smoked. Similarly, in between-subjects comparisons, 
women responded to the nicotine cigarette with marginally less with-
drawal relief and significantly less NA relief compared to men, while 
women responded to the denic cigarette with significantly more 
withdrawal relief relative to men. Thus, these affective responses to 
smoking in women were influenced less by nicotine intake per se 
and more by non-nicotine stimuli, compared to men’s responses. The 
consistency between our measures in the pattern of sex difference 
results may reflect the emphasis on negative affect symptoms among 
these MNWS items37, perhaps suggesting a more specific sex differ-
ence in nicotine effects on affect regulation per se during abstinence 
and not necessarily a broader sex difference in subjective responses 
to nicotine via smoking.

In any case, our findings are very consistent with prior research 
on sex differences in the relative reinforcing effects of nicotine versus 
non-nicotine factors in smoking30 and extend these sex differences to 
affective responses to abstinence-induced symptoms. However, the 
current study may clarify the nature of these sex differences in that 
men and women did not differ in ability to perceive the different 
nicotine amounts between these cigarettes, based on their ratings of 
“how much nicotine”. Thus, it likely was not a relative insensitiv-
ity to the interoceptive stimulus effects of nicotine that attenuated 
the affective responses of women to the nicotine cigarette.45 Rather, 
intake of nicotine per se appeared to simply not relieve these affec-
tive symptoms of abstinence as much in women compared to men.

Consequently, non-nicotine aspects of cigarette smoking may 
be more effective in providing affective relief from overnight absti-
nence in women. We are unaware of prior research examining sex 
differences in non-nicotine cigarette stimuli on affective responses 
to abstinence. Yet, we previously conducted a somewhat similar 
study that varied non-nicotine stimuli while holding constant nico-
tine intake29, the reverse of the manipulation in the current study, in 
which non-nicotine stimuli were held constant while varying nico-
tine intake. In the earlier study, we found that blocking the ability of 
a smoker to taste or smell cigarette smoke while smoking decreased 
reward ratings and smoking behavior more in women than in men, 
but blocking ability to see the lit cigarette did not differentially affect 
responses29. Therefore, at least in acute tests of responses to smoking 
after overnight abstinence, a sex difference in non-nicotine stimulus 

Figure  2. Mean (SE) negative affect ratings for men and women after 
overnight abstinence (baseline, BL) and after the controlled puffs from the 
nicotine or denicotinized (deic) cigarette through trial 4 (T4; †p < .06 for 
difference between cigarette conditions in decline due to smoking).
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effects may be specific to olfactory/taste stimuli of smoking. Perhaps 
relevant here, somewhat similar sex differences have been found in 
rodent research on nicotine self-administration, as nicotine-associ-
ated cues (light or tone) increase responding in female rats more 
than in male rats.46

Our results may have implications for clinical research on smok-
ing persistence in men versus women, especially during abstinence-
induced negative affect. It would be important to determine the 
degree to which these sex differences generalize to the natural envi-
ronment, where other factors, such as stressors, concurrent drug use, 
activity requirements, etc., could minimize or enhance these differ-
ences.13,30,47 Whether comparable sex differences would be found 
with completely ad lib smoking of these nicotine and denicotinized 
cigarettes would also be important, although distinguishing between 
differential responsivity to a similar amount of smoke intake (as 
shown here) versus differential amounts of smoke intake could be 
challenging. Also important would be assessing the duration of these 
sex differences after abstinence, since they may wane over time; a 
shift in the relative impact of nicotine and non-nicotine factors on 
subsequent affective responses to acute smoking in women could 
eventually eliminate these differences due to sex.

Yet, findings also could help explain why women have greater 
difficulty maintaining cessation than men, especially soon after 
abstaining, although the participants in this study were not trying to 
quit smoking. Less affective relief from nicotine per se during early 
abstinence may further account for observations of less efficacy with 
most formulations of nicotine replacement medications in women 
versus men, as outlined in the clinical literature.13,14,16,32,48 For exam-
ple, Vogel et al.32 recently showed better quit rates after NRT patch 
treatment in men versus women, but better quit rates after very low 
nicotine cigarette use in women versus men, although these 6-week 
conditions were not placebo-controlled or presented in blind fash-
ion. This finding appears very consistent with the notion that nico-
tine per se is more influential for reinforcing smoking behavior in 
men, while non-nicotine stimuli from smoking are more influential 
for women.24 Importantly, the Vogel et al.32 observations extend this 
notion to efficacy results in clinical outcome research.

Finally, the results suggest other directions for research aimed at 
improving quit success in women smokers. New treatments aimed 
at relieving initial negative affect during abstinence may especially 
benefit women trying to quit smoking20, and non-medication strate-
gies may warrant attention. For example, denicotinized cigarettes 
may be viewed as the ultimate sensory substitute for nicotine ciga-
rettes, since they match almost all the effects of smoking other than 
nicotine intake.49 Therefore, recent development of very low nicotine 
cigarettes50 and other sensory substitutes may provide easier ways 
to gradually transition from dependence on nicotine cigarettes to 
complete tobacco cessation.51 Such an approach may be a particu-
larly fruitful area of research into novel aids for improving smoking 
cessation rates52, especially in women.32
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