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Abstract
An aversive tobacco abstinence syndrome, thought to reflect an underlying level of nicotine
dependence, contributes to cigarette smokers’ failed quit attempts. Nicotine replacement therapy
(NRT) suppresses tobacco abstinence, but high relapse rates suggest room for improvement.
Improving NRT’s efficacy might begin with identifying factors that influence tobacco abstinence
symptom suppression. Two such factors are smokers’ gender and NRT dose. The purpose of this
study was to determine the dose-related effects of transdermal nicotine (TN) on tobacco abstinence
symptoms in 75 men and 53 women who regularly smoked cigarettes but who had abstained from
smoking for at least 8-12 hr. Participants completed 4 double-blind, randomized 6.5-hr laboratory
sessions that differed by TN dose (0, 7, 21, or 42 mg). Each session included blood sampling for
plasma nicotine level, measurement of heart rate, participants’ ratings of tobacco abstinence
symptoms and effects of nicotine, and psychomotor performance. Increases in plasma nicotine level
were related to TN dose and were independent of gender. TN-induced abstinence symptom
suppression was dose-related for items assessing craving and urge to smoke and largely was
independent of gender. TN increased heart rate and ratings of aversive side effects (e.g., nausea,
lighthead-edness) in a dose-related manner, and women were more sensitive at higher doses. Results
from this laboratory study support the continued use of TN as a pharmacotherapy. Higher doses may
ameliorate some abstinence symptoms, although the side effect profile, at least in the short term, may
limit effectiveness, especially for women.
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In the United States, over 23% of men and 18% of women smoke tobacco cigarettes (Centers
for Disease Control and Prevention [CDC], 2005). Of these, about 40% try to quit each year,
but failure rates are high (CDC, 2005). One factor that contributes to failed quit attempts is an
aversive tobacco abstinence syndrome (John, Meyer, Hapke, Rumpf, & Schumann, 2004;
Piasecki et al., 2000). Tobacco abstinence includes urges to smoke, anxiety, rest-lessness, and
difficulty concentrating (e.g., Buchhalter, Acosta, Evans, Breland, & Eissenberg, 2005;
Hughes & Hatsukami, 1986; Hughes, Higgins, & Hatsukami, 1990). These effects are thought
to reflect an underlying level of dependence on tobacco-delivered nicotine (e.g., U.S.
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Department of Health and Human Services [U.S. DHHS], 1988), giving rise to the notion that
pharmacologically pure nicotine might suppress them (e.g., Eissenberg, Stitzer, &
Henningfield, 1999; Shiffman, Fant, Buchhalter, Gitchell, & Henningfield, 2005). Indeed,
numerous studies have demonstrated that, relative to placebo, active nicotine replacement
therapy (NRT; including gum, inhaler, lozenge, nasal spray, and transdermal patch) suppresses
tobacco abstinence symptoms (Hurt et al., 1998; Killen, Fortmann, Newman, & Varady,
1990; Molander, Lunell, & Fagerström, 2000; Muramoto, Ranger-Moore, & Leischow,
2003; Shiffman, Ferguson, Gwaltney, Balabanis, & Shadel, 2005) and roughly doubles quit
rates (Fiore et al., 2000; Hughes, Goldstein, Hurt, & Shiffman, 1999; Silagy, Mant, Fowler, &
Lodgy, 1994). However, even with NRT, relapse rates as high as 92% suggest room for
improvement (Hughes, Shiffman, Callas, & Zhang, 2003; Winchell et al., 1997). One strategy
for improving NRT’s efficacy might involve identifying factors that influence its ability to
suppress tobacco abstinence effects. Two such factors are smokers’ gender and dose of NRT.

While NRT-induced suppression of tobacco abstinence symptoms is well-established, most
studies that demonstrate it have not addressed gender differences clearly (e.g., Hughes, Gust,
Keenan, & Fenwick, 1990; Jorenby et al., 1996) and/or have not been designed to assess these
differences optimally (Fagerström, Schneider, & Lunell, 1993; Hajek, Jarvis, Belcher,
Sutherland, & Feyerabend, 1989; Hurt et al., 1998; Leischow et al., 1997; Levin et al., 1994;
Lunell, Molander, Leischow, & Fagerström, 1995; Perkins, Grobe, Stiller, Fonte, & Goettler,
1992; Pickworth, Fant, Butschky, & Henningfield, 1996; Rose, Herskovic, Trilling, & Jarvik,
1985; Schneider & Jarvik, 1984; Schneider, Jarvik, & Forsythe, 1984; West, Jarvis, Russell,
Carruthers, & Feyerabend, 1984). One concern involves statistical sensitivity: Few studies have
included the approximately 120 participants required to have a 70% chance of detecting a
moderately sized gender effect (Cohen, 1988). Another concern, particularly relevant to
lengthy clinical trials, involves infrequent, retrospective withdrawal assessments that may
introduce recall bias (see Shiffman, Ferguson, et al., 2005). Nonetheless, two small sample
studies are consistent with the notion that, relative to men, women report less NRT-induced
suppression of abstinence symptoms (e.g., impatience; Hatsukami, Skoog, Allen, & Bliss,
1995) or signs (i.e., sleep disturbance; Wetter, Kenford, et al., 1999). Also, one clinical trial
(Killen et al., 1990) indicated that nicotine gum did not produce the reduction in subjective
cigarette craving in women that was observed for men. The need for more research on this
topic, especially studies sensitive to gender differences, is frequently noted (e.g., Killen et al.,
1990; Kinnunen, Nordstrom, Utman, & Garvey, 1998; Perkins, 2001; Wetter, Fiore, Young,
McClure, & deMoor, 1999).

Dose may also be an important factor in NRT-induced suppression of tobacco abstinence
symptoms, and may interact with gender. Several studies suggest that higher NRT doses
produce better treatment outcome (Daughton et al., 1999; Sachs, Sawe, & Leischow, 1993;
Tønnesen & Mikkelsen, 2000; Tønnesen et al., 1999) and/or greater abstinence symptom
suppression (e.g., Dale et al., 1995), at least in some individuals and on some measures. The
need for data to generate NRT dose effect curves on tobacco abstinence measures has been
noted (Shiffman, Ferguson, et al., 2005), and ideally, these data should be collected in a way
that reduces the likelihood of confounding through recall bias. Given the possibility that women
may respond to nicotine differently than men (see reviews by Perkins, 1995,2001), and the
potential for differential nicotine-induced abstinence symptom suppression in men and women,
these dose-effect curve data should be generated with large samples of men and women.

The purpose of this study is to determine the dose-related effects of transdermal nicotine (TN)
on tobacco abstinence symptoms in men and women who smoke cigarettes. Accordingly, 128
overnight-abstinent smokers (53 of whom were women) completed four double-blind,
randomized 6.5-hr laboratory sessions that differed by transdermal nicotine dose (0, 7, 21, or
42 mg). Each session included regular assessment of plasma nicotine level, cardiovascular
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response, participant-rated tobacco abstinence and effects of nicotine, and psychomotor
performance. We hypothesized that TN-induced abstinence symptom suppression would
increase as dose increased and that, at least on some measures, suppression would be less for
women than for men.

Method
Recruitment and Inclusion-Exclusion Criteria

Individuals were recruited for this study (approved by an institutional review board) with
advertisements and word-of-mouth, and they were included if they were between the ages of
18 to 55 years and were self-reported smokers of ≥15 cigarettes per day for the past 2 years.
In addition, each participant provided an afternoon expired air carbon monoxide (CO) sample
of ≥15 parts/million (ppm) at screening and was healthy according to medical history and
physical examination. Individuals were excluded if they were pregnant or breast-feeding or
had any self-reported history of chronic health problems or psychiatric conditions. Any
individuals who reported that they were currently trying to quit or reduce their cigarette intake
were excluded. In addition, individuals who scored greater than 17 on the Beck Depression
Inventory (Beck, Steer, & Brown, 1996) were excluded, because moderate depression could
influence tobacco abstinence symptoms and might be exacerbated by smoking cessation
(Covey, 1999).

Menstrual Cycle Phase
Several studies have suggested that menstrual cycle phase has little influence on tobacco
abstinence symptomatology (e.g., Marks, Pomerleau, & Pomerleau, 1999; Masson & Gilbert,
1999; Pomerleau, Mehringer, Marks, Downey, & Pomerleau, 2000; Pomerleau, Tate, Lumley,
& Pomerleau, 1994). Nonetheless, the potential effects of menstrual cycle phase were
minimized by scheduling women’s participation during the follicular to early luteal phase of
their menstrual cycle (i.e., Days 2-16) to control for the influence of premenstrual symptoms
(participation across two cycles was permitted). Thus, although extant data suggest no need to
control for menstrual cycle phase in short-term studies (Allen, Hatsukami, Christianson, &
Nelson, 2000), careful scheduling of experimental sessions was used to limit any influence of
hormonal cycle on study outcomes.

Demographic Summary
A total of 157 community volunteers consented to participate in this study, passed the in-person
screening, and began their first scheduled session. Of these 157 participants, 6 withdrew
because of nausea/vomiting (4 after receiving 42 mg nicotine, 1 after 21 mg, and 1 after 7 mg),
while 16 were disqualified because of noncompliance (e.g., with presession smoking
restrictions). In addition, participation was stopped for 3 individuals because their blood
pressure was elevated and for 3 individuals because of difficulty obtaining blood samples.
Finally, because of computer error, the data set for 1 participant who completed all sessions
was substantially incomplete, and this individual’s data were excluded from all analyses.

As shown in Table 1, 75 men (37 non-White; mean age = 35.4 years, SD = 10.2) and 53 women
(27 non-White; mean age = 32.3 years, SD = 2.1) completed the study with a complete data
set. For these participants, mean afternoon expired CO levels were 24.8 (SD = 8.8) and self-
reported daily cigarette intake was 22.9 (SD = 8.6). All participants were moderately dependent,
as indicated by a mean score 5.5 (SD = 2.1) on the Fagerström Test for Nicotine Dependence
(Heatherton, Kozlowski, Frecker, & Fagerström, 1991). On average, smokers reported 3.4
(SD = 5.9) quit attempts. Thirty-five participants (18 men) reported previous use of nicotine-
dependence pharmacotherapy, including 26 (13 men) who had used TN.
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Men and women did not differ significantly in terms of general characteristics (e.g., educational
level, body mass index) or those related specifically to cigarettes, alcohol, or marijuana use,
except for an observed difference in duration of use of cigarettes, with women smoking for
about 4 years less than men, on average. The impact on study outcomes of this apparent
difference in duration of use is uncertain, given that on the other demographic measures shown
in Table 1 there were no differences between men and women (including measures more
sensitive to potential differences in nicotine/tobacco dependence, such as the Fagerström Test
for Nicotine Dependence). In fact, with 21 demographic variables in Table 1, one difference
may reflect a chance outcome, rather than a population difference. Additionally, when duration
of use was correlated with all area under the curve (AUC) data, only 7 of 104 possible
correlations attained statistical significance (ps < .05, |rs| < .24). Because of the fact that the
groups did not differ on other demographic measures, the likelihood of Type I error, and the
generally unreliable correlation between duration of use and out-comes, this variable was not
entered as a covariate in any analysis.

Procedure
After providing informed consent, participants scheduled four, approximately 6.5-hr long
experimental conditions, with each condition corresponding to a TN dose (0, 7, 21, or 42 mg).
Conditions were conducted double-blind and separated by at least 48 hr. On each condition
day, participants reported to the laboratory at approximately 8 a.m. (time of day varied across
participants, but was constant within-participant). Immediately after arrival, expired air CO
level was measured (BreathCO; Vitalograph, Lenexa, KS) to verify prestudy cigarette
abstinence: CO levels had to be less than 10 ppm (e.g., Breland, Buchhalter, Evans, &
Eissenberg, 2002; Buchhalter, Schrinel, & Eissenberg, 2001). If the CO level did not meet
criterion, participants waited until it did or had the option of rescheduling that day’s condition.

Once the CO criterion was met, women in the study provided a urine sample to test for
pregnancy; a positive test led to exclusion from further participation. At session onset,
participants were connected to equipment that recorded and monitored heart rate and blood
pressure continuously. Then, a nurse placed a catheter in a forearm vein, and 10 ml of blood
was sampled, centrifuged, and plasma was frozen for later determination of baseline nicotine
levels. Participants then responded to a battery of computerized questionnaires and
performance tasks to assess baseline responding. After completion of the tasks, a randomized
TN dose was administered.

After TN administration, blood samples (10 ml each) were obtained at 30-min intervals for
exactly 6 hr. Subjective measures were assessed every hour throughout each condition;
physiological responses were recorded continuously. At the end of each 6-hr, postmedication
period, the catheter was removed and the participant was paid $100 for his or her time; an
additional $100 was paid after completing the entire study. Thus, participants who completed
the entire study earned $500.

Transdermal Nicotine and Placebo Patches
NicoDerm CQ (GlaxoSmithKline Consumer Health Care, L.P.) TN was used for all active
nicotine doses. Blood levels of nicotine delivered from this product peak within approximately
4 hr and then remain at a steady state (Henningfield & Keenan, 1993; Shiffman, Khayrallah,
& Nowak, 2000), thus making it appropriate for a short-term study of TN-induced abstinence
symptom suppression. The 7- and 21-mg TN doses were chosen because they covered the dose
range currently approved for cessation. The 42-mg dose was chosen to ensure that dose effect
functions covered the highest doses that could be delivered safely in a short-term study
(Benowitz, Zevin, & Jacob, 1998; Frederickson et al., 1995).
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TN dose is controlled, in part, by patch size (i.e., the 7-mg patch is 70 mm × 70 mm; the 21-
mg patch is 220 mm × 220 mm). Participants always received one 7-mg-sized and two 21-mg-
sized patches: None, one, or two could be active. Placebo patches (1-800-Patches, Salt Lake
City, UT) were the same size but contained no nicotine. To strengthen the blinding procedures,
patches were placed on each participant’s upper back by staff with minimal patient contact and
were covered with taped gauze. The same staff member removed and disposed of the patches
and gauze at the end of each condition.

Outcome Measures
Plasma nicotine level. Blood samples were centrifuged and the plasma was separated and stored
at -70 °C. The plasma was analyzed for nicotine and cotinine with high performance liquid
chromatography and liquid chromatography mass spectrometry (a modified version of that
reported by Naidong, Shou, Chen, & Jiang, 2001; see Breland, Kleykamp, & Eissenberg, in
press). This assay had a limit of quantitation of 2.0 ng/ml.

Heart rate. During each session, heart rate was measured every 20 s (and, for safety, blood
pressure was measured every 5 min) by noninvasive computerized equipment (Noninvasive
Patient Monitor Model 507E, Criticare Systems, Waukesha, WI). Data collection began
immediately prior to patch administration and ended immediately after the last blood sample.
Heart rate data were grouped into 30-min bins and averaged.

Participant-rated tobacco abstinence effects and direct effects of nicotine. All participant-rated
measures were computerized (Plowshare Technologies, Baltimore), and volunteers responded
to them using a computer mouse. The Hughes-Hatsukami questionnaire (adapted from Hughes
& Hatsukami, 1986) consists of 11 visual analogue score (VAS) items that are sensitive to
tobacco abstinence effects (e.g., Buchhalter et al., 2005): urges to smoke, irritability/
frustration/anger, anxious, difficulty concentrating, rest-lessness, hunger, impatient, craving
a cigarette/nicotine, drowsiness, depression/feeling blue, and desire for sweets. Each word or
phrase is centered above a horizontal line; the left anchor is not at all and the right is
extremely. Clicking a mouse-controlled cursor produces a vertical mark whose position on the
line can be adjusted. The score is the distance of the vertical mark from the left anchor,
expressed as a percentage of line length.

Tiffany and Drobes’s (1991) Questionnaire of Smoking Urges (QSU) is sensitive to tobacco
abstinence effects (see also Buchhalter et al., 2005) and consists of 32 items rated on a 7-point
scale (0 = strongly disagree, 6 = strongly agree) that yield two factors: Factor 1 (Intention to
Smoke) and Factor 2 (Anticipation of Relief From Withdrawal).

Direct effects of transdermal nicotine were assessed after with-drawal assessment using 10
VAS items that included known nicotine effects (e.g., Gourlay, Forbes, Marriner, Pethica, &
McNeil, 1995; Pullan et al., 1994): nauseous, dizzy, lightheaded, nervous, sweaty, headache,
excessive salivation, heart pounding, confused, and weak.

Digit Symbol Substitution Test. The Digit Symbol Substitution Test (DSST; McLeod, Griffiths,
Bigelow, & Yingling, 1982) is a performance measure sensitive to nicotine/tobacco abstinence
(Eissenberg, Griffiths, & Stitzer, 1996) and consists of randomly selected digits appearing on
the center of a video screen. Participants used the numeric keypad to reproduce a geometric
pattern associated with a digit, according to the digit code presented at the top of the screen,
and completed as many patterns as possible during the 90-s task presentation. Data collected
included the number of trials attempted and the number of correct trials completed.
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Missing Data
Computer malfunction, participant comfort (e.g., bathroom breaks), and human error resulted
in approximately 1% missing data points. Where possible, the missing values were replaced
by the average of the single values surrounding the missing points (e.g., Eissenberg et al.,
1996). When several consecutive plasma nicotine values were unavailable, as occurred for 5
participants, the analysis was carried out by excluding the participants with missing data.

Data Analysis
All data were entered into a mixed analysis of variance (ANOVA) where gender was a between-
subject variable and dose (4 levels: 0, 7, 21, 42 mg) and times were within-subject variables.
The number of levels for the time variable varied depending on outcome measure. For plasma
nicotine and subjective and performance measures, there were 7 levels (plasma samples were
analyzed for baseline and hourly post-TN samples only). For heart rate and blood pressure
there were 12 levels. Also, in order to clarify the effects of nicotine dose on study outcomes,
all data were analyzed with AUC analysis (as in Strain, Moody, Stoller, Walsh, & Bigelow,
2004). For all analyses, Huynh-Feldt corrections adjusted for violations of the sphericity
assumption (Huynh & Feldt, 1976). Differences between means were examined using Tukey’s
honestly significant difference (HSD; Keppel, 1991). Comparisons for which p < .05 are
reported as significant.

Results
This study examined the ability of transdermal nicotine doses to suppress tobacco abstinence
in men and women over 6 hr. Statistical analysis results are reported in Tables 2 (time course)
and 3 (AUC). The study was most concerned with potential dose-related effects over time that
may differ by smokers’ gender; thus, the results of greatest interest involve interactions among
these variables, as high-lighted below.

Plasma Nicotine
Plasma nicotine levels did not differ by gender, and Table 2 shows a significant Dose × Time
interaction. Figures 1A and 1B show that, for men and women, plasma nicotine level increased
significantly, relative to baseline, for all active doses by 150 min after TN administration (30
min for the 21- and 42-mg doses). Nicotine levels peaked at approximately 150 to 210 min.
Plasma nicotine showed clear dose-related increases, also indicated by the significant effect of
dose for the AUC data (see Table 3 and Figure 2A). With AUC data, collapsed across gender,
mean plasma nicotine level was 2.4 ng/ml (SD = 1.5) for placebo, which differed significantly
from the mean of 7.0 ng/ml (SD = 3.5) observed for 7 mg, the mean of 21.1 ng/ml (SD = 7.6)
observed for 21 mg, and the mean of 38.5 ng/ml (SD = 11.1) observed for 42 mg (ps < .05,
Tukey’s HSD). In addition, the mean plasma nicotine level observed for the 42-mg nicotine
dose was significantly greater than that observed for the 21-mg dose, which was significantly
greater than the mean observed for the 7-mg dose (all ps < .05, Tukey’s HSD).

Heart Rate
For heart rate, Table 2 shows a significant Dose × Time interaction, as well as significant Dose
× Gender and Time × Gender interactions. The averaged data are displayed in Figures 1C and
1D. Heart rate for men and women decreased over time in the placebo condition: Bradycardia
is a sign of nicotine/tobacco abstinence (American Psychiatric Association, 1994). Relative to
placebo, all active doses produced significantly greater heart rate beginning 1 hr after TN
administration. For men and women, heart rate increased significantly 60 to 90 min after 21-
and 42-mg patch administration (and after 7 mg for women only; all ps < .05, Tukey’s HSD).
Heart rate showed clear dose-related increases, as indicated by the significant main effect of
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dose for the AUC data (see Table 3 and Figure 2B); a significant Dose × Gender interaction
was also observed. For women and men, significant increases in heart rate, relative to placebo,
were apparent at each active dose, with greater increases for women at 7 and 21 mg (despite
plasma nicotine levels that did not differ, see earlier discussion; all ps < .05, Tukey’s HSD).

Participant-Rated Tobacco Abstinence Effects and Direct Effects of Nicotine
Table 2 reveals a significant Dose × Time × Gender interaction for the VAS item assessing
irritability/frustration/anger, and the averaged data are displayed in Figures 1E and 1F. As the
figures show, Tukey’s HSD revealed that the baseline score for 42-mg TN for women (32.0,
SD = 35.4) was significantly higher than the baseline score for 42-mg TN for men (17.5, SD
= 24.7; p < .05). In addition, the postbaseline pattern of results was different for men and women
on this VAS item. For men, across all active dose conditions, the mean VAS scores differed
from baseline at several times (120 min after patch application for 7 mg; 60, 120, 180, 240,
300, and 360 min after patch application for 21-mg TN), and there were no significant
differences between any active dose and placebo at any time. In contrast, for women, the mean
scores for active TN doses at most times were significantly lower as compared with baseline.
By session’s end, for women, relative to baseline, mean scores for 42 mg of nicotine decreased
70.8%, mean scores for 21 mg decreased 53.8%, and mean scores for 7 mg of TN decreased
36.5%. In addition, by the end of the session, scores in the 21- and 42-mg dose conditions were
significantly lower than placebo (all ps < .05).

Table 2 reveals two other significant interactions involving gender for VAS measures of
abstinence effects: a Time × Gender interaction for hunger and a Gender × Dose interaction
for desire for sweets. For hunger, at the session onset men’s mean ratings were slightly higher
(M = 25.0, SD = 30.6) as compared with women’s (M = 20.3, SD = 26.0), but by the end of the
session, men’s mean scores were slightly lower (M = 44.2, SD = 36.3) than women’s (M =
49.7, SD = 33.2; all ns, Tukey’s HSD). For desire for sweets, a Gender × Dose interaction was
observed. For men, mean ratings on this item were steady across the four dose conditions: for
placebo, the mean was 17.6 (SD = 24.5), for 7 mg the mean was 18.3 (SD = 24.7), for 21 mg
the mean was 17.8 (SD = 25.4), and for 42 mg the mean was 19.3 (SD = 27.3; ns, Tukey’s
HSD). For women, more variability across doses was apparent: for placebo, the mean was 28.4
(SD = 29.7), for 7 mg the mean was 21.2 (SD = 25.8), for 21 mg the mean was 20.9 (SD =
24.0), and for 42 mg the mean was 17.8 (SD = 21.6; ns, Tukey’s HSD).

For AUC data, significant dose effects were observed for several measures of tobacco
abstinence, including the VAS items urges to smoke, irritability/frustration/anger, craving a
cigarette/nicotine, and both factors of the QSU (a significant Dose × Gender interaction was
also observed for QSU Factor 1). The data for these items, for men and women, are displayed
in Figure 2 (Panels C-F). Generally, the main effect of dose reflects significantly lower scores
in the 21- and 42-mg conditions relative to placebo (except for irritability/frustration/anger,
where significant reductions, relative to placebo, were observed for women only and across
all active conditions). In addition to lower mean scores in the 21- and 42-mg conditions relative
to placebo, for urges to smoke and craving, women’s mean scores for the 42-mg condition
were significantly lower than those of the 7-mg condition. For Factor 1 of the QSU, mean
scores in the 42-mg condition were significantly lower than in the 7-mg condition for men and
women. Moreover, at the 42-mg dose, women’s mean score (44.7, SD = 26.0) was significantly
lower than men’s (52.3, SD = 19.5; p < .05, Tukey’s HSD). For Factor 2 of the QSU, for which
a main effect of dose was observed, mean data collapsed across gender for the 42-mg (21.4,
SD = 14.8), 21-mg (23.7, SD = 15.0), and 7-mg (25.0, SD = 16.1) conditions were significantly
lower than placebo (27.9, SD = 16.4), and mean of the 7-mg condition was significantly higher
than the 42-mg condition (all ps < .05, Tukey’s HSD).

Evans et al. Page 7

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2006 September 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For participant-reported measures of the direct effects of nicotine, there were few significant
interactions involving gender, although Table 2 reveals many significant interactions of dose
and time, and Table 3 reveals many significant main effects of dose. With respect to gender,
for time course data, there was a significant Dose × Time × Gender interaction for the VAS
item assessing dizziness and a significant Dose × Gender interaction for sweatiness. The data
for the VAS item dizzy are displayed in Figures 1G (men) and 1H (women). As the figures
show, there was substantial variability, but generally, women experienced more dizziness in
the 21- and 42-mg TN conditions, especially within the first hour after dosing. For example,
women’s mean VAS score for the 42-mg TN at 60 min after patch application (20.5, SD =
29.9) was significantly greater than men’s (8.5, SD = 15.7; p < .05, Tukey’s HSD). Compared
with placebo, self-reported ratings of dizziness were significantly higher in the 42-mg condition
at 120 and 180 min after the patch application for men, and at 60, 120, 180, and 240 min after
the patch application for women. Additionally, the 21-mg TN significantly increased dizziness
for women at the first hour after dosing. For the VAS item sweaty, the greatest between-gender
difference was observed at the 42-mg TN with women reporting greater mean scores (12.4,
SD = 20.8) as compared with men (8.6, SD = 16.5; ns, Tukey’s HSD). With regard to the
interactions of dose and time, the 42-mg nicotine condition produced higher ratings of
nauseous, lightheaded, and weak at almost every time point from 60 to 360 min after patch
administration. For example, collapsed across gender, for the 42-mg dose condition, the mean
rating of nauseous was 3.9 (SD = 8.6) at baseline; this rating increased significantly to as much
as 18.8 (SD = 28.1) at 3 hr after patch administration and remained significantly elevated
(relative to baseline) at the end of the 6-hr after dosing evaluation period (M = 11.8, SD = 22.0;
ps < .05, Tukey’s HSD).

TN’s dose-related direct effects were also apparent using the AUC data. Figure 3 shows data
from the four measures with the greatest F values for the main effects of dose: nausea, dizzy,
lightheaded, and weak (a Dose × Gender interaction was also observed for lightheaded). As
seen in the figure, significant increases relative to placebo were observed at the 42-mg dose
for all measures and, for women, at the 21-mg dose for dizzy and lightheaded. Between-gender
differences were also observed for two of these measures: for lightheaded at 21 mg (men’s
M = 9.6, SD = 13.8; women’s M = 14.9, SD = 20.3) and 42 mg (men’s M = 13.5, SD = 19.6;
women’s M = 20.6, SD = 21.2) and for weak at 7 mg (men’s M = 6.4, SD = 10.5; women’s
M = 11.8, SD = 19.3) and 42 mg (men’s M = 15.4, SD = 19.4; women’s M = 24.1, SD = 25.1;
ps < .05, Tukey’s HSD).

Digit Symbol Substitution Test
There were no significant main effects or interactions observed for the DSST, except for a
significant improvement over time: Collapsed across session, mean percentage correct
increased from 93.48% (SD = 12.5) at baseline to 95.62% (SD = 7.8) at 360 min after patch
application (p < .005).

Discussion
Periods of tobacco abstinence result in a well-defined, quantifiable syndrome that includes
observable signs, including decreased heart rate (Buchhalter et al., 2005), behavioral
decrements (e.g., Eissenberg et al., 1996), and aversive symptoms (irritability, headache,
hunger, restlessness, impatience; Hughes & Hatsukami, 1986). This abstinence syndrome
likely contributes to difficulty in quitting (Fagerström et al., 1993; Hughes & Hatsukami,
1986; Killen, Fortmann, Kraemer, Varady, & Newman, 1992), and suppressing it is one
putative mechanism of action underlying the effectiveness of NRT (Hughes, Hatsukami,
Pickens, & Svikis, 1984; Hurt et al., 1998; Leischow et al., 1997; Molander et al., 2000; West
& Shiffman, 2001; West et al., 1984). Some clinical trials suggest that, relative to men,
abstinence rates are lower for women using TN (Bohadana, Nilsson, Rasmussen, & Martinet,
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2003; Gourlay, Forbes, Marriner, Pethica, & McNeil, 1994; Nørregaard, Tonnesen, & Petersen,
1993; Swan, Jack, & Ward, 1997; Transdermal Nicotine Study Group, 1991), and this potential
for decreased efficacy in women may reflect differential suppression of abstinence symptoms.
Abstinence symptom suppression may also be dependent on NRT dose (e.g., Dale et al.,
1995). This study was designed to examine the influence of gender and dose on TN-induced
abstinence symptom suppression in an acute laboratory setting. Results revealed that tobacco
abstinence produced a variety of observable signs and symptoms, some of these symptoms
were suppressed by active TN, and gender had little influence on TN-induced abstinence
symptom suppression. TN also produced a range of side effects, to which women were more
sensitive.

Signs and Symptoms of Nicotine/Tobacco Abstinence
In this study, 8-12 hr of objectively verified tobacco abstinence was required before each of
four sessions, to provide an abstinence symptom baseline that might be suppressed by TN. As
expected, mean presession scores for many abstinence measures were elevated relative to
scores observed in smokers who are not undergoing a period of tobacco abstinence (e.g.,
irritability/frustration/anger; see Buchhalter et al., 2005). Overall, the signs and symptoms
observed at baseline in this study are consistent with those observed in previous research where
nicotine/tobacco abstinence has been documented under controlled conditions (D. Gilbert et
al., 2004; R. Gilbert & Pope, 1982; Hatsukami, Hughes, & Pickens, 1985; Hatsukami, Hughes,
Pickens, & Svikis, 1984; Knapp, Bliss, & Wells, 1963; Myrsten, Elgerot, & Edgren, 1977;
Persico, 1992; Teneggi et al., 2002; West & Russell, 1987). As has been reported elsewhere
(Foulds et al., 1997; Hughes, Gust, Skoog, Keenan, & Fenwick, 1991; Hughes & Hatsukami,
1986; Shiffman et al., 2000; Ward, Swan, & Jack, 2001), the baseline signs and symptoms of
nicotine/tobacco abstinence observed in this study generally were independent of gender.

TN-Induced Suppression of Tobacco Abstinence
TN increased plasma nicotine levels in a dose-dependent manner, and active TN suppressed
nicotine/tobacco abstinence signs and symptoms, at least partially. First, plasma nicotine levels
were low at baseline in all conditions (consistent with presession abstinence) and, as reported
elsewhere (e.g., Fant, Henningfield, Shiffman, Strahs, & Reitberg, 2000; Henningfield &
Kennan, 1993; Ingram et al., 2004; Mendelson, Sholar, Goletiani, Siegel, & Mello, 2005),
increased as TN dose increased in the active conditions only (peak levels occurred
approximately 3-4 hr after TN administration; see Figures 1A and 1B). These results are
important, as they demonstrate (a) participants’ compliance with the required presession
smoking abstinence, (b) the effectiveness of the TN preparation used in the study, and (c) the
fact that, under placebo dosing conditions, participants did not receive nicotine. More
generally, plasma nicotine results demonstrate that 7-, 21-, and 42-mg TN doses result in
plasma nicotine levels that approximate these doses.

Second, TN suppressed, in a dose-dependent manner, the bradycardia observed under placebo
conditions (see Figure 1C and 1D), as reported elsewhere with a variety of methods of nicotine
delivery (e.g., Garrett & Griffiths, 2001; Jones, Garrett, & Griffiths, 1999; Krivokapich,
Schneider, Child, & Jarvik, 1985). TN-induced increases in heart rate occurred within 60 min
after administration, consistent with previous studies that indicate that transdermal nicotine
can increase heart rate after 30 min (Rose et al., 1985).

Third, AUC data revealed that TN reliably suppressed many tobacco abstinence symptoms
(see Figures 2C-2F). In many cases, this TN-induced abstinence symptom suppression was
independent of dose for men and women (e.g., irritability/frustration/anger, see Figure 2E; also
true for anxious VAS). However, dose-dependent symptom suppression was observed on some
measures. For example, on Factor 1 of the QSU, for men and women, 42-mg TN suppressed
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scores relative to 7-mg nicotine (see Figure 2F). Also, AUC data for craving a cigarette/nicotine
showed clear dose-related suppression when collapsed across gender. For craving a cigarette/
nicotine, the mean AUC VAS scores were 37.7 (SD = 29.4) for 7-mg TN, 33.9 (SD = 28.4) for
21-mg TN, and 30.3 (SD = 28.4) for 42-mg TN (Tukey’s HSD revealed that the difference
between 7 and 42 mg was significant, p < .05). A similar pattern was observed for urges to
smoke. Although they are not abstinence symptoms according to the Diagnostic and Statistical
Manual of Mental Disorders (4th ed.; American Psychiatric Association, 1994), craving and
urge for cigarettes are commonly reported reasons for relapse (Nørregaard et al., 1993), can
increase in intensity minutes after finishing a cigarette (Schuh & Stitzer, 1995), and may reach
peak levels within 6-24 hr of abstinence (Maude-Griffin & Tiffany, 1996). Therefore, craving
and urge are important abstinence symptoms that must be addressed during a quit attempt.
Higher TN doses may be more effective at suppressing these symptoms.

The failure to observe TN dose-related suppression on some abstinence measures is
inconsistent with results from some clinical trials (Dale et al., 1995; Hatsukami et al., 1995;
Leischow et al., 1997) and may reflect a difference in participants (i.e., nontreatment seeking
vs. actively trying to quit) and/or study duration (i.e., 6 hr vs. several days). The current results
and previous reports (Dale et al., 1995; Hatsukami et al., 1995; Leischow et al., 1997) support
the notion that TN suppresses many symptoms reported by abstinent smokers (i.e., craving,
urges to smoke, irritability/frustration/anger, and anxiety). Thus, this study highlights one
mechanism by which TN helps abstinent smokers avoid relapse. However, these results also
suggest that some symptoms are not suppressed by TN (e.g., difficulty concentrating,
restlessness, hunger, impatience), at least under the conditions reported here. To the extent that
TN does not suppress some abstinence symptoms in a dose-related manner and does not
suppress other symptoms at all, clinicians may want to consider carefully the specific TN dose
that they recommend.

The Effects of Gender on TN-Induced Suppression of Nicotine/Tobacco Abstinence
Symptoms

This study was designed to examine the effects of gender on TN-induced abstinence symptoms
suppression. Of the 260 total F tests performed in this study (with an alpha level of .05; see
Tables 2 and 3), only 12 involving a gender variable were significant (3 for physiological
effects, 6 for abstinence symptoms, and 3 for direct effects). By chance, 13 significant F tests
might be expected. Thus, these results provide little support for the notion that gender
differences in TN-induced abstinence symptom suppression underlie differential treatment
outcomes that have been reported in some clinical trials.

Some observed differences between men and women were likely not due to TN. For example,
gender differences for irritability/frustration/anger involved women’s higher baseline (i.e.,
predosing) scores in the 42-mg TN condition. This result, recorded prior to TN administration,
may reflect the observation that women are more likely than men to report subjective states of
withdrawal (Franklin, 2005). This high baseline in the 42-mg condition may indicate greater
TN-induced suppression of irritability/frustration/anger with the 42-mg TN dose for women,
as they reported a mean 70.8% decrease from baseline to end of session scores, as opposed to
a 29.9% decrease for men. Also, a significant Time × Gender interaction was observed for the
hunger VAS; because no significant main effects or interactions involving the dose variable
were observed for this measure, these results cannot be explained by a differential response to
TN.

Other observed differences between men and women may reflect a differential effect of TN.
For example, women’s heart rate was significantly higher than men’s at all active TN doses
(see Figure 2B). Also, a gender difference in the pattern of response was observed on the VAS
measures of desire for sweets: Mean ratings in the placebo condition were greater for women
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and, relative to placebo, were significantly lower in active patch conditions for women only.
Gender differences were also observed for QSU Factor 1 Intention to Smoke. As shown in
Figure 2F, significantly lower QSU Factor 1 scores were observed for women relative to men
in the highest TN dose condition. Overall, the pattern of results for men and women observed
in this study does not provide strong support for a gender difference in TN-induced abstinence
symptom suppression. Thus, this study, by itself, cannot explain why NRT, the most widely
used treatment strategy for smoking cessation, appears to be less effective for women in some
studies (e.g., Wetter, Kenford, et al., 1999; Perkins & Scott, 2005). However, this study did
not address TN’s ability to blunt the effects of a concurrently administered cigarette or the
influence of smoking-related stimuli. Gender differences related to these variables may be
relevant to differential outcome (e.g., Perkins et al., 2001).

TN-Induced Side Effects
TN increased reports of the direct effects of nicotine in a dose-related manner, with some gender
differences, especially at higher doses (see Figures 1G and 1H and Figure 3). For example, for
men and women, dose-related increases were observed for ratings of dizzy, lightheaded, and
weak, such that mean ratings observed for the 42-mg dose were significantly greater than those
for the 7-mg dose (ps < .05). For nausea, lightheaded, and weak, women’s mean ratings in the
42-mg condition were significantly higher than men’s. These results support the suggestion
that women may be more sensitive to the direct effects of nicotine (Grunberg, Winders, &
Wewers, 1991). Taken in combination with the lack of a dose effect for some abstinence
symptoms, the benefits of high-dose NRT, especially for women, may not outweigh the costs
(e.g., unpleasant side effects).

Limitations
The results of this study must be interpreted in the context of its potential limitations, which
include sensitivity to gender differences in TN-induced abstinence symptom suppression and
the restrictions of the laboratory setting. First, although the sample size was large relative to
previous studies examining NRT-induced abstinence symptom suppression (e.g., Fagerström
et al., 1993; Levin et al., 1994; Lunell et al., 1995; Schneider et al., 1984; Schneider & Jarvik,
1984; West et al., 1984), the failure to observe Gender × Dose interactions on measures of
abstinence symptom suppression may reflect a Type II error. However, the observation of
significant Gender × Dose interactions on several other measures (e.g., heart rate, self-reported
lightheadedness, nausea, and weakness) suggests that the study was sensitive to small-to-
medium effect sizes (Cohen’s, 1988, f for the Gender × Dose interactions for these measures
ranged from 0.08 to 0.17). Thus, the failure to observe significant Gender × Dose interactions
on measures of tobacco abstinence may indicate that the effect, if it exists, is of minimal clinical
significance.

Second, the clinical laboratory offers precise control over many factors (e.g., smoking-related
stimuli, concurrent drug administration, activity, social situation, food intake). How-ever, this
level of control can also be a limitation, as factors that precipitate or contribute to tobacco
abstinence in the natural environment are eliminated. For example, environmental cues, such
as the sight and smell of a lit cigarette, can increase urge to smoke (Abrams, Monti, Carey,
Pinto, & Jacobus, 1988; Niaura, Abrams, Pedraza, Monti, & Rohsenow, 1992; Niaura et al.,
1998), but this study’s laboratory setting minimized the influence of these cues. To the extent
that these and other factors controlled in this study may underlie the gender differences that
have been observed in outpatient (i.e., naturalistic environment) smoking cessation trials, the
study’s generalizability may be limited. However, laboratory studies of potential drug
dependence pharmacotherapies often predict clinical outcome (Jasinski, Pevnick, & Griffith,
1978; Rose et al., 1985), so there is evidence that the controlled laboratory environment has
real world relevance.
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In addition to sensitivity and setting, the results of the study must be interpreted in the context
of the fact that study participants had no interest in smoking cessation and completed a
relatively brief period of presession tobacco abstinence (i.e., 8-12 hr) and subsequent
assessment (i.e., approximately 6 hr). Outside of this study, most consumers of nicotine
replacement treatment are interested in smoking cessation and will be interested in longer term
abstinence symptom suppression.

Summary and Conclusion
This study is the first laboratory examination of TN-induced abstinence symptom suppression
to use a large sample of men and women and multiple TN doses. Results clearly indicate that
TN can suppress some abstinence symptoms, and that higher doses are more effective at
suppressing a subset of these symptoms. Most symptom suppression was independent of
smokers’ gender. Unfortunately, TN’s side effects were dose-related, and women were more
sensitive to them. To the extent that tobacco abstinence symptom suppression is related to
successful smoking cessation, results from this laboratory study support the continued use of
TN as a pharmacotherapy. The study does not support the use of higher doses (>21 mg), except
for suppression of craving and urges to smoke. Even then, the side effect profile associated
with these higher doses, at least in the short term, may limit effectiveness. Study results also
suggest that gender differences in some smoking cessation trials are not related to differential
abstinence symptom suppression. Future research addressing this important issue may benefit
from focusing on a potential interaction between gender and other effects of TN (i.e., blunting
the effects of a concurrently administered cigarette) and/or on other triggers for relapse (i.e.,
smoking-related stimuli).
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Figure 1.
Mean data (±1 SEM) for plasma nicotine (Panels A and B; N = 123, with 51 women), heart
rate (Panels C and D; N = 128, with 53 women), irritability/frustration/anger visual analogue
score (VAS; Panels E and F; N = 128), and dizzy VAS (Panels G and H; N = 128) for men
(left) and women (right) by dose and time. Filled symbols indicate a significant difference
between men and women at that time within that dose, and asterisks indicate a significant
difference from placebo at that time. All ps < .05, Tukey’s HSD.
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Figure 2.
Mean area under the curve data (±1 SEM) for men and women by dose (0, 7, 21, or 42 mg
transdermal nicotine), collapsed across time, for plasma nicotine (Panel A; N = 123, with 51
women), heart rate (Panel B; N = 128, with 53 women), craving visual analogue score (VAS;
Panel C; N = 128), urge VAS (Panel D; N = 128), irritability/frustration/anger VAS (Panel E;
N = 128), and Questionnaire of Smoking Urges (QSU; Tiffany & Drobes, 1991) Factor 1 (Panel
F; N = 128). Filled symbols indicate a significant difference between men and women at that
dose; asterisks indicate a significant difference from placebo for men and women; number
signs indicate a significant difference from 7 mg for men and women; and daggers indicate a
significant difference from 21 mg for men and women. All ps < .05, Tukey’s HSD.
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Figure 3.
Mean area under the curve data (±1 SEM) for men and women by dose (0, 7, 21, or 42 mg
transdermal nicotine), collapsed across time, for visual analogue score (VAS) items nausea
(Panel A; N = 128, with 53 (visual analogue score) women), dizzy (Panel B; N = 128),
lightheaded (Panel C; N = 121, with 53 women), and weak (Panel D; N = 128). Filled symbols
indicate a significant difference between men and women at that dose; asterisks indicate a
significant difference from placebo for men and women; number signs indicate a significant
difference from 7 mg for men and women; and daggers indicate a significant difference from
21 mg for men and women. All ps < .05, Tukey’s HSD.
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Table 1
Statistical Analysis Results for Completed Participants’ Demographs Data by Gender

Demographic variables Men (N = 75) Women (N = 53) F p

Generala
 %Caucasian 50.7 49.1 0.0 ns
 % employed 60.0 58.5 0.0 ns
 % not married 74.7 69.8 0.4 ns
 Age in years 35.4 (10.2) 32.3 (10.4) 2.9 ns
 Years education completed 12.8 (1.8) 13.2 (2.1) 1.4 ns
 Body mass index 26.3 (4.8) 27.2 (7.2) 0.8 ns
 Beck Depression Inventory 4.8 (4.6) 4.7 (4.1) 0.0 ns
 Screening CO 25.0 (8.4) 24.6 (9.5) 0.0 ns
Cigarette smoking related
 Cigarettes per daya 24.1 (10.0) 21.3 (5.8) 3.4 ns
 Duration of use in years a 13.0 (9.3) 9.1 (7.4) 6.2 <.01
 FTC tar yieldb 14.6 (3.3) 13.7 (3.9) 1.6 ns
 FTC nicotine yieldc 1.0 (0.3) 1.0 (0.3) 0.8 ns
 FTC CO yieldb 14.8 (2.8) 14.5 (3.5) 0.3 ns
 No. quit attemptsa 4.0 (7.4) 2.6 (2.5) 1.9 ns
 Fagerströma 5.8 (2.2) 5.1 (2.0) 3.0 ns
 % nicotine medication naivea 76.0 67.9 1.0 ns
Alcohol relateda
 % use 71.0 74.0 0.1 ns
 Use past 30 days 5.0 (5.9) 5.3 (7.4) 0.1 ns
Marijuana smoking relateda
 % use ever 82.7 84.9 0.1 ns
 Use part 30 days 2.2 (6.7) 1.5 (4.4) 0.4 ns
Other drug relateda
 % used other drugs 1.3 7.6 3.2 ns

Note. Data presented as means (SD) except where noted. CO = carbon monoxide; FTC = Federal Trade Commission.

a
df = 1, 126; all participants, N = 128.

b
df = 1, 115; data available for only 117 participants.

c
df = 1, 116; data available for only 118 participants.
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Table 3
Statistical Analysis Results for All Measures for Area Under the Curve

Dose Gender Dose × Gender

Measure F p F p F p

Plasma nicotinea 1,023.7 <.001 0.5 ns 1.2 ns
Heart maleb 123.2 <.001 3.5 ns 3.5 <.05
Hughes-Hatsukamib
 Urges to smoke 13.3 <.001 0.2 ns 0.8 ns
 Irrationality/frastration/anger 4.1 <.05 0.4 ns 0.5 ns
 Irrationality/frustration/anger 4.1 <.05 0.4 ns 0.5 ns
 Anxious 2.8 <.05 0.0 ns 0.6 ns
 Difficulty concentrating 1.8 ns 1.1 ns 2.1 ns
 Restlessness 1.3 ns 0.9 ns 1.1 ns
 Hunger 1.9 ns 0.1 ns 2.2 ns
 Impatient 4.6 <.01 0.0 ns 0.6 ns
 Craving a cigarette/nicotine 15.0 <.001 0.1 ns 1.7 ns
 Drowsiness 1.7 ns 1.8 ns 2.0 ns
 Depression/feeling blue 2.2 ns 0.0 ns 0.3 ns
 Desire for sweets 2.4 ns 0.7 ns 5.0 <.005
QSUb

 Factor 1 21.0 <.001 0.3 ns 3.2 <.05
 Factor 2 14.8 <.001 0.9 ns 1.4 ns
Direct effects
 Nauscousa 25.1 <.001 0.9 ns 3.4 ns
 Dizzyb 19.2 <.001 1.5 ns 0.9 ns
 Lightheadedc 19.6 <.001 1.4 ns 3.2 <.05
 Nervousb 10.7 <.001 0.8 ns 1.7 ns
 Sweatyb 16.0 <.001 0.4 ns 2.6 ns
 Headacheb 3.6 <.05 1.0 ns 0.4 ns
 Salvationc 6.5 <.005 0.6 ns 1.1 ns
 Heart poundingb 9.4 <.001 0.7 ns 0.0 ns
 Confusedb 3.8 <.05 1.6 ns 1.3 ns
 Weakb 21.5 <.001 3.5 ns 2.1 ns
DSSTb 2.0 ns 3.5 ns 0.4 ns

Note. Dose, Dose × Gender: a(3, 363) b(3, 357); gender: a(1, 121), b(1, 126), c(1, 119). QSU = Questionnaire of Smoking Urges; DSST = Digit Symbol
Substitution Test.
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