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Abstract
Women are more likely than men to relapse after initiating abstinence from cigarette smoking. The
reasons for this phenomenon are unclear but may relate to negative mood, cigarette craving, or other
symptoms of nicotine withdrawal. We addressed this issue in a study of 26 female and 38 male
smokers. The Profile of Mood States, Shiffman–Jarvik Withdrawal Scale, and Urge to Smoke Scale
were administered twice in each of two test sessions on different days. One session began within 1
hr after smoking ad libitum and the other followed overnight abstinence (>13 hr). On each test day,
the two assessment blocks were separated by a 5–10-min break, during which each participant
smoked one cigarette. In the first test block, both men and women reported higher scores after >13
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hr abstinence than after <1 hr abstinence on the tension–anxiety and anger–hostility subscales of the
Profile of Mood States, and for the craving and psychological symptoms of the Shiffman–Jarvik
Withdrawal Scale. Scores of female subjects showed significantly larger differences between
sessions on the tension–anxiety subscale and a trend toward significance (p=.050) on the anger–
hostility subscale of Profile of Mood States than those of males. Moreover, on the tension–anxiety
subscale, women also reported a greater reduction than men from smoking one cigarette after
overnight abstinence. The findings indicate that overnight abstinence produces more negative mood
symptoms and cigarette craving in female smokers than in males, and that resumption of smoking
produces greater relief from these symptoms in female smokers. These differences may contribute
to the greater likelihood of relapse when women try to quit smoking.

Introduction
Most studies of gender effects on cigarette smoking cessation have demonstrated that tobacco-
dependent women are less likely to initiate abstinence and more likely to relapse than men
(Bohadana, Nilsson, Rasmussen, & Martinet, 2003; Pogun, 2001; Pomerleau et al., 2005;
Ward, Klesges, Zbikowski, Bliss, & Garvey, 1997; Wetter et al., 1999), although such a gender-
based difference has not been observed universally (Gonzales et al., 2002; Gritz et al., 1998;
Killen, Fortmann, Varady, & Kraemer, 2002). It has been proposed that negative reinforcement
plays an important role in nicotine dependence, and that smokers use cigarettes to avoid
nicotine withdrawal (Baker, Brandon, & Chassin, 2004; Eissenberg, 2004; Kenford et al.,
2002; Piasecki, 2006; Piper et al., 2004). This view is supported by observations that: (a)
dependent smokers experience nicotine withdrawal within a few hours of initiating abstinence
from cigarette smoking (Kenford et al., 2002; Schuh & Stitzer, 1995); (b) cigarette smoking
relieves nicotine withdrawal (Gentry, Hammersley, Hale, Nuwer, & Meliska, 2000; Powell,
Pickering, Dawkins, West, & Powell, 2004); (c) the severity of nicotine withdrawal predicts
the likelihood of relapse in smokers who try to quit (al’Absi, Hatsukami, Davis, & Wittmers,
2004; Hall et al., 1996; Piasecki, Fiore, McCarthy, & Baker, 2003; Swan, Ward, & Jack,
1996); and (d) the degree to which withdrawal is reduced after resumption of smoking predicts
the likelihood of relapse (Perkins et al., 2002a; Piasecki et al., 2003).

Considering these findings, one might expect female smokers to experience more severe
nicotine withdrawal than males upon initiating smoking cessation, and to enjoy a greater relief
from withdrawal than males after resuming cigarette smoking. The core symptoms of nicotine
withdrawal include depression, anxiety, tension, craving for cigarette smoking, and difficulty
concentrating (American Psychiatric Association, 1994). Many studies found that female
smokers exhibit more severe signs of depression, anxiety, anger, and craving for cigarettes
than males after more than a few hours of abstinence from smoking (Abdullah, Lam, Chan, &
Hedley, 2006; al’Absi, Amundrud, & Wittmers, 2002; Hogle & Curtin 2006; Jacobsen et al.,
2005; Pogun, 2001; Strong, Kahler, Ramsey, Abrantes, & Brown, 2004); other studies,
however, did not find such differences (Pomerleau et al., 2005; Svikis, Hatsukami, Hughes,
Carroll, & Pickens, 1986). The reasons for these discrepancies are not clear but may include
differences in the duration of abstinence and/or in the severity of nicotine dependence among
participants, and reliance upon relatively modest sample sizes. Only a few studies reported
gender differences in relief of nicotine withdrawal from smoking, and the findings were mixed.
In one report, male and female smokers who were abstinent from smoking overnight showed
no differences in relief of nicotine withdrawal after smoking a cigarette by taking puffs
according to experimental rules (Perkins, Jacobs, Sanders, & Caggiula, 2002b), while another
reported that after more than three days of abstinence from smoking, male smokers enjoyed a
greater hedonic effect of smoking than female smokers (Pomerleau et al., 2005). Women also
reportedly had a greater decrease in “desire to smoke” than men after smoking two cigarettes
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of their preferred brand, even though they took smaller and shorter puffs than men (Eissenberg,
Adams, Riggins, & Likness, 1999).

Overall, the majority of evidence indicates that female smokers suffer greater nicotine
withdrawal symptoms than male smokers when trying to quit, but it has been less clear whether
females enjoy a greater relief of nicotine withdrawal after resuming cigarette smoking.
Clarifying this point is important for determining the contribution of negative reinforcement
to the greater risk of relapse for abstinent female vs. male smokers. In this study, we assessed
indices of mood, craving for cigarettes, and other nicotine withdrawal signs in male and female
smokers both before and after smoking a cigarette on two separate days (following either <1
hr abstinence or >13 hr overnight abstinence). In line with the hypothesized role of negative
reinforcement and previous findings in the literature, we predicted that, after overnight
abstinence from smoking, females would exhibit more severe nicotine withdrawal signs than
males, including self-reports of negative mood and craving, and that they would enjoy greater
relief from these symptoms than males after smoking a cigarette.

Method
Participants

Potential participants were recruited through flyers and newspaper ads in the greater Los
Angeles area. They were excluded during an initial telephone interview if they indicated any
one of the following conditions: smoking <15 or >40 cigarettes/day, smoking regularly <2
years, current use of medications that may affect cognition, any medical or psychiatric
condition that could affect brain function, age <18 or >55 years, a history of head trauma,
smoking >1 marijuana cigarette per week, using >10 standard drinks of alcohol per week (one
standard drink consists of one 12-oz. beer, 6 oz. of wine, or one shot [1.5 oz.] of hard liquor
[80 proof]), or regularly using substances of abuse other than alcohol or marijuana.

Participants received a detailed explanation of the study, signed a consent form that was
approved by the UCLA Institutional Review Board, and were paid for their participation.
During a baseline assessment, additional measures were obtained to determine eligibility.
Carbon monoxide (CO) in expired air was taken as an objective measure of recent smoking
(Micro Smokerlyzer II, Bedfont Scientific Instruments), with an inclusion criterion of ≥10 ppm
at the time of screening. Participants also completed questionnaires assessing medical history,
smoking history, including the Fagerström Test for Nicotine Dependence (Heatherton et al.,
1991), depressive symptoms (Beck Depression Inventory, BDI; Beck and Steer, 1987), and
demographic information.

Procedure
Subsequent to baseline assessments, subjects participated in two test sessions, each on a
different day. They reported to the laboratory in the afternoon after maintaining abstinence
from smoking overnight (>13 hr abstinence) on one test day, and on another day when they
had smoked ad libitum until 15–60 min before testing (<1 hr abstinence). The two test sessions
were separated by 2–14 days, and their sequence was counterbalanced among the participants.

A female research assistant administrated the tests. In each test session, the participant first
provided a breath sample for assay of CO and completed the following questionnaires related
to mood, nicotine withdrawal, and cigarette craving: Profile of Mood States (McNair, Lott, &
Droppleman, 1971), Shiffman–Jarvik Withdrawal Scales (Shiffman & Jarvik, 1976), and Urge
To Smoke (Jarvik et al., 2000), and performed a battery of cognitive tests including Stroop
Color-Word Naming Task, Emotional (smoking) Stroop Task, N-Back Working Memory
Task, d2 Task, and Digit-Symbol Task for ~1 hr (data not presented in this report). Then he or
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she took a 5–10-min break outside the building and smoked one cigarette (usual brand). The
participant then repeated the test battery. CO was measured and the Profile of Mood States,
Shiffman–Jarvik Withdrawal Scale, and Urge to Smoke Scale were administered again at the
end of the second test battery. Some data from the cognitive tests have been reported (Mendrek
et al., 2006), and additional data from cognitive tests are to be reported elsewhere.

All testing sessions took place between 14:00 hr and 17:00 hr. The first measurement of expired
CO ≤10 ppm on the day following >13 hr abstinence verified compliance with the requirement
of abstinence from smoking. One participant was allowed to complete the session following
overnight abstinence with an expired CO level of 13 ppm because this value was less than half
of the value when this participant was tested after smoking ad libitum (<1 hr abstinence).

Measures
The Profile of Mood States and Shiffman–Jarvik Withdrawal Scale were used to assess mood
states and nicotine withdrawal symptoms, as in previous reports (Hughes 2006; Jarvik et al.,
2000; Knott, Bosman, Mahoney, Ilivitsky, & Quirt, 1999; Patten & Martin, 1996; Snively,
Ahijevych, Bernhard, & Wewers, 2000). The Profile of Mood States consists of six subscales,
collectively including 65 five-point items that describe mood, and these items are used to
calculate a score for total mood disturbance. The range of possible scores is −32 to +200 for
Total Mood Disturbance, calculated by subtracting the score for the vigor–activity subscale
from the sum of scores for the remaining five subscales). The possible scores for the six
subscales are as follows: tension–anxiety (0–36), depression–dejection (0–60), anger–hostility
(0–48), vigor–activity (0–32), fatigue–inertia (0–28), and confusion–bewilderment (0–28). For
the Total Mood Disturbance and all subscales, except for vigor–activity, a higher score
indicates a more negative mood state.

The Shiffman–Jarvik Withdrawal Scale consists of 25 seven-point items, which are used to
determine the scores for five subscales (i.e., craving, psychological, physical, stimulation/
sedative, and appetite symptoms) and a total withdrawal score. The maximum score possible
on each of the five Shiffman–Jarvik Withdrawal Scale subscales is 7, and the highest possible
total score is 35. In each case, a higher score indicates more severe withdrawal. The Urge to
Smoke Scale was used to assess craving for cigarette smoking. The highest possible score is
7, and higher scores indicate greater craving.

Data analysis
The CO measures and scores for the Profile of Mood States (total mood disturbance and each
subscale), Shiffman–Jarvik Withdrawal Scale, and Urge to Smoke Scale were analyzed
separately using general linear modeling for repeated measures in SPSS (Norusis, 1993). These
scores were dependent variables, test sessions and blocks were within-subject variables, and
gender was a between-subject variable. Statistical analyses were performed to assess the main
effect of gender, and two- and three-way interactions among gender, test session (>13 hr vs.
<1 hr abstinence), and test block (pre- vs. post-smoking). When a significant (p<.05) interaction
regarding a self-report was detected, a two-sample t-test was used to test for gender effects in
the difference between the presmoking scores in the >13 hr abstinence session vs.
corresponding scores in the <1 hr abstinence session; and on changes from the presmoking to
the postsmoking scores in the >13 hr abstinence session. These two-sample tests help identify
factors contributing to the interactions. Given the sample size, 75% power was available to
detect an effect of gender (with α=.05, and two-tailed analysis) given a true effect size of .68.
Therefore, power was only adequate for detecting medium to large underlying effects of gender
(Cohen, 1992).
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Results
Subjects

The male and female groups did not differ significantly in age, years of education, years of
smoking, cigarettes smoked per day, and scores on the Fagerström Test for Nicotine
Dependence and Beck Depression Inventory (Table 1).

CO in expired air
CO showed main effects of session and block, and a two-way interaction of session by block
(Tables 2 and 3). For both groups, CO was lower after >13 hr abstinence than after <1 hr
abstinence, and in the first than in the second test block on both test days. CO also showed a
greater increase related to smoking after >13 hr abstinence than after <1 hr abstinence. These
measures confirmed that the participants adhered to abstinence from smoking as instructed.
CO measures did not show gender differences.

Profile of Mood States
Scores for the tension–anxiety subscale showed three-way interactions of gender by session
by block, F(1,60)=7.47, p=.008 (Figure 1, Tables 3 and 4). Compared with scores on the day
of ad libitum smoking, participants of both genders had higher scores in the presmoking test
block after overnight abstinence (Tables 3 and 4); and two-sample t-tests showed that females
reported greater differences between sessions than males, t(60)=2.39, p=.02. Females also
reported a greater decrease in these scores than males after smoking a cigarette between test
blocks following overnight abstinence, t(60)=−2.4, p=.01. Scores for the anger–hostility
subscale of Profile of Mood States showed a trend toward a significant three-way interactions
of gender by session by block, F(1,60)=2.5, p=.12. Scores for the vigor–activity subscale
showed a two-way interaction of session by gender, F(1,60)=4.8, p=.03 (Tables 3 and 4).

Shiffman–Jarvik Withdrawal Scale and Urge to Smoke Scale
Scores for the psychological subscale showed a three-way interaction of gender by session by
block, F(1,59)=6.89, p=.011, and a trend toward this direction for the craving subscale, F(1,59)
=3.40, p=.07 (Figure 1, Tables 2 and 3). Both groups had significantly higher corresponding
scores on these measures in the presmoking test block following overnight abstinence than in
the session following ad libitum smoking (Tables 2 and 3); two-sample t-tests showed that
females reported significantly greater differences in these scores than males [psychological
subscale; t(60)=−2.4, p=.02; craving subscale, t(60)=−2.3, p=.02.] Moreover, females also
reported a significantly greater decrease in score for psychological symptoms than males in
the postsmoking test relative to the presmoking test after overnight abstinence t(59)=−2.6, p=.
01. The mean Urge to Smoke Scale score revealed a significant main effect of session, F(1,52)
=51.42, p=.001; there were no significant two-way (session by gender) or three-way (session
by block by gender) interactions.

Discussion
This study yielded two main findings. The first one is that female smokers suffered more severe
symptoms of negative mood than males after overnight abstinence, as reflected in self-reports
of greater tension–anxiety subscales of Profile of Mood States and psychological symptoms
of Shiffman–Jarvik Withdrawal Scale. The second is that female smokers, abstinent overnight,
enjoyed a greater relief from these symptoms than their male counterparts after smoking of a
cigarette of their preferred brand.

The observation that female smokers experienced more severe symptoms of negative mood
than male smokers after overnight abstinence from cigarette smoking is consistent with
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previous reports on smokers who may not have been interested in quitting (Abdullah et al.,
2006; al’Absi et al., 2002; Hogle & Curtin 2006; Jacobsen et al., 2005; Pogun, 2001; Strong
et al., 2004) and also on smokers who were trying to quit (Piasecki, 2006; Piasecki et al.,
2003; Wetter et al., 1999). Among smokers who attempted to quit cigarette smoking, females
reported more severe withdrawal symptoms than males after the initiation of smoking
cessation, and they showed higher rates of relapse than males (Piasecki, 2006; Piasecki et al.,
2003; Wetter et al., 1999). Severity of negative mood is correlated with impulsivity (Leith &
Baumeister, 1996; Tice, Bratslavsky, & Baumeister, 2001), craving for cigarette smoking
(Niaura, Shadel, Britt, & Abrams, 2002; Zinser, Baker, Sherman, & Cannon, 1992), intolerance
to stress (Brown, Lejuez, Kahler, Strong, & Zvolensky, 2005; Vanderkaay & Patterson,
2006), and weaker coping skills for aversive events (Drobes, Meier, & Tiffany, 1994). In turn,
craving for smoking, impulsivity, stress intolerance, and weakness of coping skills are
correlated with likelihood of relapse to smoking (Barrios and Niehaus, 1985; Brown et al.,
2005; Doran, Spring, McChargue, Pergadia, & Richmond, 2004; Gwaltney, Shiffman,
Balabanis, & Paty, 2005).

Smoking one cigarette provided greater relief from nicotine withdrawal symptoms to female
than to male smokers is consistent with a previous report that female smokers exhibited a
greater reduction in craving and other nicotine withdrawal signs than males after smoking two
cigarettes (Eissenberg et al., 1999). One study, however, reported that after more than three
days of smoking abstinence, male smokers enjoyed a greater hedonic effect of smoking than
female smokers (Pomerleau et al., 2005). This difference may reflect the substantially longer
abstinence time in that study than in the present one. In another report, abstinent (overnight)
female and male smokers did not differ in relief from nicotine withdrawal after controlled
smoking of a cigarette provided by investigators (Perkins et al., 2002b). Here again, the
methods differed from ours, and the experimentally controlled smoking of cigarettes that are
not of the participant’s preferred brand can provide a different experience from uncontrolled
smoking a cigarette chosen by the subject. Among smokers who attempted to quit, the extent
of withdrawal reduction after cigarette smoking or nicotine administration was positively
correlated with relapse (i.e., greater reduction predicted greater chance of relapse; Perkins et
al., 2002a; Piasecki et al., 2003). The greater relief of nicotine withdrawal symptoms
experienced by female smokers in the present study, therefore, may relate to the higher relapse
rate of female smokers than male smokers.

In several previous studies, abstinent female smokers reported less reduction of withdrawal
than their male counterparts after nicotine administration by routes other than smoking (e.g.,
via the patch or nasal spray) (Evans, Blank, Sams, Weaver, & Eissenberg, 2006; Perkins,
Donny, & Caggiula, 1999; Robinson et al., 2007; Wetter et al., 1999). Females may be less
sensitive than males to nicotine administered by routes other than smoking, but may be more
sensitive to other smoking-related stimuli, such as visual, motor, and somatosensory
components of the experience (Bohadana et al., 2003; Perkins, 2001; Pogun, 2001).
Accordingly, substantial relief from negative mood symptoms in female smokers after smoking
a cigarette of their preferred brand may enhance the expectancy of a positive outcome from
cigarette smoking, and reinforce their dependence on smoking to avoid negative mood
symptoms and cigarette craving associated with withdrawal. This may be especially true when
abstinent smokers face aversive events or other stressors (Baker et al., 2004; Piper et al.,
2004; Eissenberg, 2004; Kenford et al., 2002; Piasecki et al., 2002; Shiffman, Sweeney, &
Dresler, 2005). In this regard, adding therapeutic manipulations to mimic the rewarding effects
of physical stimuli other than nicotine itself but conditioned to cigarette smoking (e.g., de-
nicotinized cigarettes) with available pharmacological therapies (e.g., nicotine replacement
therapy, bupropion HCl, varenicline) may be particularly helpful for women initiating smoking
cessation.
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There are several limitations of the study. First, as the sample size is relatively small, additional
study with a larger sample size is warranted. Second, as plasma nicotine concentration was not
assayed, we cannot exclude the possibility that female smokers enjoyed a greater relief from
nicotine withdrawal because within-session smoking provided them with more nicotine. Even
though female smokers usually take lighter puffs than male smokers (Eissenberg et al., 1999;
Pogun, 2001), they may still have higher levels of nicotine in plasma, considering that females
have smaller plasma volumes on average than males. Third, the assessment of mood was solely
based on self-report measures, which may suffer from low reliability and validity (Patten &
Martin, 1996). The Profile of Mood States and the craving subscale of Shiffman–Jarvik
Withdrawal Scale, however, showed high reliability and consistency in previous studies
(Hughes, 2006; Patten & Martin, 1996). Objective physiological measures, which are related
to negative affective states, should be incorporated into the design of future studies (e.g.,
electrodermal recording, startle reflex).

Cognitive social learning theory proposes that changes of human behavior are motivated by
expectancy of positive outcome resulting from the change (Bandura & Adams, 1977; Marlatt,
1985). According to this theory, the likelihood of relapse for smokers who try to quit smoking
is positively correlated with their expectancy of positive outcomes from cigarette smoking (i.e.,
withdrawal relief). Our findings indicate that, relative to their male counterparts, female
smokers experienced more negative mood symptoms after overnight abstinence, as well as
greater relief of these symptoms after cigarette smoking, a condition that promotes a greater
expectancy of positive outcome from smoking. Thus, this study suggested that such negative
reinforcement processes underlie at least a portion of the greater likelihood of relapse of female
smokers than males after the initiation of smoking cessation.
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Figure 1.
Three-way interaction (gender × session × block) of scores for Profile of Mood States subscales
of tension–anxiety, F(1,60)=7.47, p=.008, and anger–hostility, F(1,60)=2.5, p=.12; and scores
for Shiffman–Jarvik Withdrawal Scale subscales of craving for smoking, F(1,59)=3.40, p=.
07, and psychological symptoms, F(1,59)=6.89, p=.011. These interactions indicated that
female smokers exhibited greater changes in mood than male smokers after overnight
abstinence and resumption of smoking. Abbreviation: pre: pre-smoking test; post: post-
smoking test.
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Table 2

Shiffman–Jarvik Withdrawal Scale, Urge to Smoke, and CO measures on male and female smokers in the two
test sessions

< 1 h Abstinence > 13 h Abstinence

Presmoking Postsmoking Presmoking Postsmoking

Males
 Craving 4.3 (1.2) 3.9 (1.1) 5.9 (1.0) 4.2 (1.0)
 Psychological 2.6 (0.6) 2.9 (0.5) 3.5 (1.0) 3.0 (0.7)
 Physiological 1.7 (.9) 1.6 (0.7) 2.1 (1.1) 1.8 (.9)
 Stimulus 2.1 (1.2) 2.9 (1.2) 2.6 (1.2) 3.1 (1.4)
 Appetite 3.8 (1.1) 4.0 (1.1) 4.2 (1.0) 4.3 (.9)
 Urge to Smoke scale 3.4 (1.5) 1.9 (1.4) 5.6 (1.3) 2.3 (1.3)
 CO 22.1 (10.1) 24.59 (11.9) 7.0 (4.9) 13.6 (7.0)
Females
 Craving 3.7 (.9) 3.9 (1.2) 6.2 (1.0) 4.3 (1.2)
 Psychological 2.5 (.6) 2.8 (0.8) 4.3 (1.4) 2.9 (1.1)
 Physiological 1.5 (0.6) 1.4 (0.6) 2.5 (1.4) 1.7 (.9)
 Stimulation 2.5 (1.3) 3.1 (1.3) 2.6 (1.4) 3.4 (1.9)
 Appetite 3.4 (1.0) 4.1 (1.1) 4.1 (1.3) 4.2 (1.2)
 Urge to Smoke scale 2.9 (1.5) 1.6 (.8) 5.5 (1.7) 2.3 (1.4)
 CO 21.6 (8.9) 23.3 (7.4) 6 (4.2) 12.9 (4.6)

Note. Values are means and standard deviations (in parentheses).
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Table 4

Profile of Mood States scales in the two test sessions

<1 hr abstinence >13 hr abstinence

Presmoking Postsmoking Presmoking Postsmoking

Males
 Tension–anxiety 3.3 (2.5) 3.4 (3.3) 6.2 (5.7) 4.1 (3.3)
 Depression–dejection 1.5 (2.4) 1.1 (3.0) 2.7 (5.1) 1.1 (3.1)
 Anger–hostility 1.1 (2.1) 0.5 (1.4) 2.3 (3.6) 1.1 (2.1)
Vigor–activity 16.1 (7.8) 14.5 (7.1) 15.0 (7.7) 14.3 (8.1)
 Fatigue–inertia 3.5 (5.6) 4.4 (6.0) 4.6 (6.5) 4.8 (6.6)
 Confusion–bewilderment 2.7 (2.5) 2.6 (2.4) 3.7 (2.7) 3.0 (2.3)
 Total mood disturbance* −7.1 (12.7) −5.8 (14.1) 2.1 (24.0) −1.7 (15.9)
Females
 Tension–anxiety 2.6 (2.7) 3.1 (3.2) 9.1 (6.3) 3.7 (3.5)
 Depression–dejection 0.8 (1.7) 1.3 (2.7) 2.6 (3.8) 1.3 (2.4)
 Anger–hostility 1.2 (2.4) 1.2 (2.2) 4.6 (5.2) 1.9 (4.6)
 Vigor–activity 16.2 (7.8) 13.3 (9.4) 12.4 (8.5) 11.8 (8.5)
 Fatigue–inertia 4.0 (5.0) 3.7 (3.9) 4.2 (5.1) 3.9 (4.7)
 Confusion–bewilderment 2.8 (2.5) 3.8 (4.0) 4.8 (3.4) 5.0 (4.9)
 Total mood disturbance −5.6 (13.0) −2.23 (17.9) 11.6 (23.6) 5.16 (20.6)

Note. Values are means and standard deviations (in parentheses).

*
The total mood disturbance score was calculated by subtracting the vigor–activity score from the sum of scores of tension–anxiety, depression–dejection,

anger–hostility, fatigue–inertia, and confusion–bewilderment subscales.
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