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Abstract Rationale: Compared to men, the smoking
behavior of women may be less responsive to nicotine and
more responsive to nonpharmacological factors, perhaps
including verbal information (e.g., dose instructions).
Objective: This study compared the influence of the
presence vs absence of dose instructions on the subjective
and reinforcing effects of nicotine via cigarette smoking in
men and women. Methods: Subjects (n=120) abstained
overnight from smoking and were randomly assigned to
one of four groups. Half of the subjects received nicotine
cigarettes (Quest 1, yield of 0.6 mg), and the other half
received denicotinized cigarettes (“denic”; Quest 3, yield
of 0.05 mg). Furthermore, half of each subsample was
accurately instructed they were receiving a “normal nic-
otine” or a “no nicotine” cigarette, while the other half
received no instructions. Subjects completed baseline
measures of craving and mood (positive and negative
affect), took two puffs from the cigarette after receiving
dose instructions or no instructions, and then rated the
cigarette’s “reward” value (liking, satisfying) and other
characteristics. They also repeated the craving and mood
measures. Subjects then smoked more of that same brand
ad libitum over the next 30 min to measure reinforcement
(puff number and latency to first puff). Results: Overall,
nicotine increased reward, other cigarette ratings, and

positive affect, but did not affect craving or smoking
behavior. However, results varied by sex. Dose instruc-
tions enhanced the effects of nicotine on smoking reward
and reinforcement in women, while instructions tended to
dampen or even reverse these effects of nicotine in men
(i.e., interaction of sex×nicotine×instructions). Conclusions:
In women but not in men, the influence of nicotine on
smoking reward and reinforcement is enhanced by ac-
curate verbal information about the cigarette’s nicotine
dose. These results are consistent with the notion that the
smoking behavior of women, relative to men, may be
more responsive to nonpharmacological factors.
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Introduction

Drug responses are influenced by pharmacological and
nonpharmacological factors. The most common procedure
of testing pharmacological effects of a drug in human
research is under “blind” conditions, in which subjects are
given no explicit verbal information about the drug (or told
the substance may or may not contain active drug). Blind
conditions hold constant nonpharmacological factors, such
as expectancies about drug (Kirsch 1997), allowing the
isolation of the drug’s pharmacological effects. Conversely,
research on nonpharmacological factors in drug effects
usually involves the opposite manipulation, holding con-
stant pharmacological exposure while varying nonpharma-
cological factors. For example, verbal information provided
to subjects regarding the drug content of a substance (e.g.,
instructions that it contains “drug” vs “no drug”) can
influence the responses of subjects to consuming the sub-
stance (e.g., Fillmore and Vogel-Sprott 1992; Kirsch 1997).
Such information can influence responses to cigarette
smoking (Juliano and Brandon 2002), sometimes to a
greater extent than actual nicotine dose (Perkins et al. 2003,
2004). Because accurate information about substances is
usually available to drug users in the natural environment,
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testing drug effects in the presence of dose instructions
may better capture drug responses as they occur under
naturalistic conditions, compared to testing in the absence
of instructions (Kirsch and Rodino 1993; Martin and
Sayette 1993).

Several studies have directly compared responses to
drug as a function of the presence vs absence of dose
instructions to determine if providing such instructions en-
hances responding. A few studies assessing physiological
and subjective arousal effects of caffeine failed to show
differences due to the presence vs absence of instructions.
However, these studies did not manipulate dose, adminis-
tering only caffeine (Nash et al. 2002) or only a placebo
beverage (i.e., no caffeine; Mikalsen et al. 2001, experiment
2; Walach et al. 2002). Yet, Kirsch and Rodino (1993) also
manipulated dose and found that self-reported tension was
greater for caffeine vs placebo only among those given
instructions that the beverage contained caffeine and not
among those given no instructions or those told it contained
no caffeine. In a study with alcohol, Bradlyn and Young
(1983) found greater intoxication ratings due to 0.3 g/kg
alcohol in those given accurate dose instructions vs those
given no instructions, but instructions had no effect on
ratings among subjects given a drink with no alcohol or a
higher dose (0.6 g/kg).

In a clinical study involving quitting smokers, Hughes
et al. (1989) found that under accurate dose instructions,
but not under blind conditions, nicotine vs placebo gum
medication influenced the number of cigarettes smoked,
the rated helpfulness of the gum, and gum self-adminis-
tration (trend only). On the other hand, other measures,
such as self-reported side effects of the gum and smoking
abstinence, tended to show the opposite influence of in-
structions—smaller effects of drug when subjects were
accurately instructed about dose relative to blind conditions
—suggesting that dose instructions dampened, rather than
enhanced, some drug effects. To our knowledge, no study
has compared the influence of the presence vs absence of
dose instructions on the acute effects of nicotine in cig-
arettes (i.e., an abused form of nicotine).

In addition, unexplored are individual differences in the
influence of explicit dose instructions on drug responding.
There is reason to believe that men and women may differ
in responsivity to some instructional manipulations, at least
when it comes to smoking or nicotine reinforcement (self-
administration) and reward (i.e., hedonic characteristics
of the drug, such as self-reported “liking”). We have found
that, relative to men, these effects in women may be more
sensitive to nonpharmacological factors such as nonverbal
information about smoking, or “cues” (e.g., sensory stimuli
from smoking; Perkins et al. 2001), and less sensitive to the
pharmacological factor of actual nicotine dose (i.e., as-
sessed under blind conditions; Perkins et al. 1996; 2002).
Other research suggests that women are more susceptible
than men to instructional manipulations when reporting on
perceived internal states (Roberts and Pennebaker 1995;
Tremblay et al. 2004).

Recently, we examined the influence of the type of
verbal information about nicotine dose (accurate vs in-
accurate dose instructions), as well as the actual dose, on
responses to smoking (Perkins et al. 2004). This study used
a modified 2×2 balanced-placebo design (see Martin and
Sayette 1993), in which subjects were divided into groups
receiving a cigarette containing nicotine or one containing
no nicotine (i.e., placebo), and within each group, half of
the subjects received accurate instructions and the other
half inaccurate instructions about the nicotine content of
the cigarette they received. Thus, all subjects got dose
instructions of some kind; there was no blind condition
(i.e., a “no instruction” condition). We found that under
accurate, but not inaccurate, dose instructions, nicotine
increased smoking reward more in women than in men.
However, there was no sex difference in smoking rein-
forcement, measured in this study by a computer task with
escalating response requirements (i.e., progressive ratio)
for earning cigarette puffs.

Thus, it appears that the rewarding and reinforcing
effects of smoking in women, compared to men, are less
sensitive to cigarette nicotine dose under blind conditions
(Perkins et al. 2002), while the rewarding effects may be
more sensitive to nicotine under conditions of accurate
dose instructions (Perkins et al. 2004). However, con-
firmation of this notion requires a direct test of the effects
due to the presence vs absence of dose instructions within
one study, given the variability in procedures between these
studies. If confirmed, this finding would extend prior ob-
servations regarding sex differences in response to non-
verbal information about smoking (i.e., cues; Perkins
et al. 2001) to another type of nonpharmacological factor
in drug reward and reinforcement, verbal information about
smoking (i.e., nicotine dose instructions).

In the present study, we directly compared the influence
of accurate dose instructions vs no dose instructions on the
subjective and reinforcing effects of nicotine via cigarette
smoking in men and women. We hypothesized that the
presence of dose instructions would enhance the influence
of nicotine on these effects, compared to no instructions
(i.e., blind conditions). We also hypothesized that the
impact of instructions on the rewarding and reinforcing
effects of nicotine (but not other effects) would be greater
in women than in men, consistent with the notion that
smoking behavior of women is more responsive than that
of men to nonpharmacological factors.

Method

Subject eligibility

Eligible subjects were healthy young men and women who
smoked more than ten cigarettes per day for at least 1 year.
Their preferred brand had to have a nicotine yield of at least
0.6 mg, so that the denicotinized brand used in the study
would be distinctly different from their usual brand (see
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below). Subjects were excluded if they had ever smoked
“ultra-light” brands (defined as nicotine yield <0.3 mg) for
more than 2 weeks. Participants were recruited from ads
placed in the surrounding community and were paid for
participation.

Cigarettes

To manipulate nicotine exposure, the “normal” nicotine
brand was Quest 1 (yield of 0.6 mg nicotine, 9 mg tar) and
the denicotinized (“denic”) brand was Quest 3 (yield
<0.05 mg nicotine, 9 mg tar), both sold commercially by
Vector Group, Ltd. (Miami, FL). Menthol smokers re-
ceived menthol Quest; nonmenthol smokers received
nonmenthol Quest. All cigarettes had identifiable markings
covered.

Subjective measures

Cigarette ratings Smoking reward was assessed with two
items from the Rose Sensory Questionnaire (see Westman
et al. 1996): the ratings of “liking” and “satisfying.” The
Rose measure also asks “how high in nicotine” and “how
similar to own brand” the cigarette is, which were includ-
ed to assess other perceptual responses to the cigarettes that
might differ as a function of nicotine and dose instructions.
Each item in the Rose Questionnaire was rated on a 0 (“not
at all”) to 100 (“very much”) visual analog scale (VAS).
This measure has been used in similar studies from this lab
(Perkins et al. 2001, 2002).

Mood Self-reported mood was assessed with the Diener
and Emmons (1984) Mood Scale, consisting of nine items
rated on 0 (not at all) to 100 (very much) VAS that yield a
positive affect (PA) and negative affect (NA) score. PA
scale items are happy, joyful, pleased, and enjoyment/fun,
while NA scale items are depressed/blue, unhappy, frus-
trated, worried/anxious, and angry/hostile.

Craving Craving was assessed with the 4-item version of
the Questionnaire on Smoking Urges (QSU), a widely
used clinical and laboratory measure of urges to smoke
(Tiffany and Drobes 1991). The four items in this version,
which is described by Carter and Tiffany (2001), are
“Nothing would be better than smoking a cigarette right
now,” “I have an urge for a cigarette,” “All I want now is a
cigarette,” and “I crave a cigarette right now.”

Smoking behavior

Smoking reinforcement was determined by behavioral
observation of the number of puffs and latency to first puff
during the 30-min ad lib smoking period (see Procedure,
below). These measures were obtained by videotaping the
subjects during this period (see Perkins et al. 1997; Conklin
and Perkins 2005). Inter-rater reliability of assessing

smoking behavior in this manner exceeds 99% (Perkins
et al. 1997).

Procedure

Subjects participated in one session, preceded by overnight
abstinence from smoking (at least 14 hrs), verified by
expired-air CO<13 ppm, as in previous research (e.g.,
Perkins et al. 2002). They provided written informed con-
sent to participate in a study to “evaluate the characteristics
of different types of cigarettes and how much smokers like
them.” Subjects were randomly assigned to one of four
conditions manipulating dose instructions and cigarette
nicotine content in a 2×2 between-subjects design: accurate
instructions about the cigarette’s nicotine dose vs no dose
instructions (i.e., kept blind) and given nicotine vs denic
cigarettes. Groups were stratified by sex, so that each
condition had 15 men and 15 women.

After a brief rest, subjects completed baseline measures
of craving and mood. They then were given general
instructions about the session, namely, that they would take
a few puffs on a cigarette, rate it, and then be able to smoke
more of that cigarette if they wanted. Subjects were
introduced to the designated cigarette (nicotine vs denic)
and, depending on their group assignment, given either no
instructions or the following dose instructions:

Subjects given the nicotine brand (Quest 1) were told:
“This cigarette has a normal amount of nicotine.”
Subjects given the denic brand (Quest 3) were told:
“This cigarette has no nicotine.”

Subjects then took two puffs to sample the cigarette
(exposure period), rated it on the Rose Questionnaire, and
repeated the craving and mood measures. Then, subjects
were given ten more of the same cigarettes and told they
were free to smoke as much or as little as they wanted over
the subsequent 30 mins. Subjects were given reading
material and allowed to listen to the radio.

Upon completion of the session, subjects were debriefed
and told that our interest was to examine conditions that
affect smokers’ preferences for different cigarettes. This
study was approved by the University of Pittsburgh In-
stitutional Review Board.

Data analysis

Analyses of variance (ANOVAs) were used to analyze
Rose Questionnaire items after the exposure puffs, as well
as the change in mood (negative, positive affect) and
craving from baseline to after the exposure puffs. Instruc-
tions (presence vs absence of dose instructions), nicotine
(nicotine vs denic cigarette), and sex were between-sub-
jects factors. Time (baseline to postexposure) was an added
within-subjects factor for mood and craving ANOVAs. The
number of puffs during the 30-min ad lib smoking period
and the latency to first puff were each analyzed by similar
ANOVAs. Follow-up tests were conducted by Fisher’s
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LSD t test (see Huitema 1980). We hypothesized an inter-
action of nicotine×instructions for all measures, indicating
that the presence of instructions would enhance nicotine’s
effects. Based on prior research (see Introduction), we also
hypothesized that this influence of instructions would be
greater for women vs men in analyses of the smoking
reward and reinforcement measures (i.e., significant inter-
action of sex×nicotine×instructions). Because men and
women differed on cigarettes per day (see Subject char-
acteristics, below), reward and reinforcement ANOVAs
with significant interactions involving sex were repeated
using cigarettes per day as a covariate to determine whether
the interaction could be due to the difference in smoking
frequency.

Results

Subject characteristics

Characteristics (mean±SE) for the 60 men and 60 women,
respectively, were as follows: age, 32.0±1.6 vs 28.6±1.3;
nicotine yield of preferred brand, 1.04±0.03 vs 0.99±
0.03 mg; daily smoking rate, 19.7±1.0 vs 15.9±0.5; number
of years smoking, 14.8±1.5 vs 11.7±1.2; and Fagerstrom
Test of Nicotine Dependence (FTND; Heatherton et al.
1991) score, 4.9±0.3 vs 4.5±0.2. Men and women did not
differ significantly on these characteristics, except daily
smoking rate [t(118)=3.37, p<.001], as commonly ob-
served in the general population of smokers (compare with
means of 20.6 vs 17.0 cigarettes per day for American men
and women daily smokers, respectively; Centers for Dis-
ease Control 2003).

ANOVA results for all measures

The ANOVA results are summarized for all measures in
Table 1.

Cigarette ratings

Reward As expected, nicotine increased the cigarette
reward items of liking and satisfying (see Table 1). More
importantly, men and women differed in how they rated
cigarette reward in response to the interaction of nicotine
and dose instructions. For women, nicotine increased
liking only in the presence of dose instructions and not in
the absence of instructions, as hypothesized (see Fig. 1).
Results were identical for the measure of satisfying (not
shown). Unexpectedly, however, the opposite was seen for
men, as nicotine increased each measure only in the
absence of dose instructions and not in the presence of
instructions. When examined separately by sex in follow-
up tests, the interaction of nicotine × instructions sig-
nificantly affected liking for women [t(59)=2.45, p<.05]
and for men [t(59)=4.26, p<.001]. Results were similar for
satisfying.

Perceptual characteristics Nicotine increased the rating of
“similar to own brand,” while sex interacted with dose
instructions on this measure. In women, this rating was
higher in the presence vs absence of instructions, regard-
less of nicotine, while the opposite was true in men (see
Fig. 1). Nicotine also increased the rating of “how much
nicotine” and interacted with instructions, such that the
difference in ratings due to nicotine was greater in the
presence vs absence of instructions (Fig. 1). There were no
differences due to sex on this rating.

Mood and craving change

Baseline values (mean±SE) were not significantly different
due to sex, nicotine, or instructions for negative affect
(27.9±1.8), positive affect (43.5±1.8), and craving (76.6±
1.7). As shown in Fig. 2, negative affect decreased from
baseline to postexposure puffs [i.e., main effect of time; F
(1,112)=18.83, p<.001], but was not significantly influ-

Table 1 ANOVA results
(F ratios, df =1,112 for all) for
self-reported cigarette ratings,
mood and craving responses,
and smoking behavior

Only significant results are
presented
S Sex, N nicotine, I instructions
*p<0.05; **p<0.01; ***p<0.001

Measure Effect

Nicotine Sex×nicotine×instructions Other effects

Cigarette Ratings
Reward
Liking 21.66*** 11.35***
Satisfying 28.04*** 10.50**
Other Ratings
Similar to own brand 21.09*** S×I, 4.03*
How much nicotine 61.02*** N×I, 6.98**

Mood and craving
Negative affect
Positive affect 4.42*
QSU craving 4.85* S, 6.06*
Smoking Behavior
Puff number 3.92* S×N, 3.98*
Latency to first puff 8.53** I, 8.17**; S×N, 6.53*
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enced by nicotine, sex, or instructions. Nicotine increased
positive affect, but neither sex nor instructions had
significant effects (see Fig. 2). Craving decreased from
baseline to postexposure puffs [main effect of time; F
(1,112)=9.89, p<.005], and this decrease was greater in
men than women. Moreover, for men but not women,
nicotine decreased craving in the presence of instructions
but not in the absence of instructions (Fig. 2), opposite of
the pattern of results for smoking reward (Fig. 1).

Smoking behavior

Similar to the results for cigarette reward ratings (above),
smoking reinforcement during the ad lib smoking period
differed between men and women in response to nicotine
and dose instructions. As shown in Fig. 3, for women,
nicotine increased the number of puffs and decreased
latency to first puff only in the presence of dose instruc-

tions and not in the absence of instructions, as hypothe-
sized, while these effects were not seen in men. Confirming
this interpretation was the significant interaction of nic-
otine×instructions within the women alone for both puff
number [t(59)=2.12, p<.05] and latency [t(59)=4.30,
p<.001], but not within men [t's(59)=1.67 and 1.54, re-
spectively, not significant]. Overall, smoking latency was
slower in the presence vs absence of dose instructions,
regardless of nicotine.

Covarying for cigarettes per day

Because men and women differed significantly on cig-
arettes per day, we repeated the analyses for the reward and
reinforcement measures by conducting analyses of cova-
riance (ANCOVA), with cigarettes per day as the covariate.
Results were unchanged for the reward measures of liking
and satisfying, and for the reinforcement measure of la-
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Fig. 1 Ratings of reward (lik-
ing; top) and cigarette percep-
tual characteristics (similar to
own brand, how much nicotine;
bottom) as a function of nico-
tine, the presence (yes) vs ab-
sence (no) of dose instructions
and, where relevant, subject’s
sex. Those presented with dose
instructions were accurately in-
formed whether the cigarette
contained a normal amount of
nicotine or no nicotine. Each
rating was made using a visual
analog scale (range=0–100).
*p<0.05; **p<0.01; ***p<0.001
for comparisons between nico-
tine and denicotinized cigarettes
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tency to first puff. However, the interaction of sex×nico-
tine×instructions was no longer significant for number of
puffs during the ad lib period [F(1,111)=2.60, p=.11, vs
p<.05 without covarying cigarettes per day; see Table 1].

Discussion

In women, nicotine increased smoking reward and rein-
forcement only in the presence of dose instructions and not
in the absence of instructions. In men, by contrast, in-
structions did not increase nicotine’s effects on smoking
reward and reinforcement. The greater responsivity of
women vs men to nonpharmacological factors in smoking

has previously been shown in research manipulating non-
verbal drug information (e.g., cues; Perkins et al. 2001).
The present study extends this potential sex difference to
verbal drug information (i.e., dose instructions). The ro-
bustness of the effects of these instructions is perhaps
surprising in light of their brevity, a single short sentence
among other instructions given to all subjects. More ex-
tensive instructions, or instructions about the likely effects
of the drug (i.e., manipulation of response expectancies;
see Kirsch 1997), may have an even more pronounced
influence on responding in women vs men.

In general, our findings confirm results from prior
studies showing that nicotine increases smoking reward
and reinforcement less in women vs men under blind
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conditions (Perkins et al. 2002), while nicotine increases
smoking reward (if not reinforcement) more in women vs
men under conditions of accurate dose instructions (Perkins
et al. 2004). However, these prior studies differed from
each other in a number of ways (e.g., differences in sam-
ples, types of nicotine cigarettes, measures of reinforce-
ment, within- vs between-subjects designs). By directly
manipulating the presence vs absence of dose instructions
within the same study, the current findings strengthen
conclusions about these sex differences in response to dose
instructions. Notably, because of the sex difference in
response to nicotine as a function of dose instructions, the
two-way interaction of nicotine × instructions was not sig-
nificant for almost all measures (contrary to hypotheses).
Thus, if we had not explicitly examined the possibility of
sex differences in the influence of dose instructions, we
may have concluded that providing dose instructions, a
potentially important nonpharmacological factor in drug
effects, has essentially no influence on the effects of nic-
otine during cigarette smoking. Clearly, such instructions
do alter the effects of nicotine on smoking reward and
reinforcement, but the influence differs markedly based on
subject sex. Moreover, these results may have broader
implications for pharmacology studies with women. As
noted in the introduction, because most human pharma-
cology studies are conducted under blind conditions (with-
out dose instructions), while drug users in the natural
environment are not blind to drug, the results for women in
pharmacology studies may not generalize well to drug
effects for women in the natural environment.

In regard to possible explanations for these sex differ-
ences, differential perception of nicotine does not seem to
be relevant, as men and women did not differ in ratings of
“how much nicotine.” Affect and craving responses also
would not seem to explain these sex differences, since men
and women generally did not differ on these responses,
except for the greater craving relief due to nicotine in men
given dose instructions (which was opposite of the
observed sex differences in nicotine reward and reinforce-
ment). When the analyses for reward and reinforcement
were repeated using as a covariate cigarettes per day, which
differed between men and women, the sex differences were
unchanged for the reward and smoking latency measures
but were no longer significant for number of puffs. There-
fore, sex differences in the amount of puffing in response to
the instructional and nicotine manipulations could be re-
lated to the higher daily smoking rate in men vs women,
but this is unlikely to account for the other sex differences.

An unexpected observation was the apparent dampening
influence of dose instructions on the effect of nicotine on
smoking reward in men. Under no instructions (i.e., blind
conditions), smoking reward in men differed markedly
between the nicotine and denic cigarettes (see Fig. 1), as
previously observed (Perkins et al. 2002). Yet, when given
accurate instructions about dose, smoking reward in men
no longer differed between the nicotine and denic cig-
arettes. In addition, smoking reinforcement (number of
puffs, latency) in men was nonsignificantly reduced by
nicotine under the dose instruction conditions, relative to

no instructions (see Fig. 3). These observations suggest that
dose instructions may dampen or reverse the typical effects
of nicotine per se on smoking reward and reinforcement in
men. Such findings are not unprecedented and are similar
to the previously noted results for side effects and smoking
abstinence reported by Hughes et al. (1989) in a clinical
study with nicotine gum. On the other hand, nicotine
alleviated craving in men only in the presence of in-
structions and not in the absence of instructions (Fig. 2),
suggesting that instructions do enhance some effects of
nicotine in men.

In contrast with most other responses, dose instructions
had no effects on mood following the exposure puffs. Of
interest, however, is the fact that smoking either the denic
or nicotine cigarette (regardless of instructions) reduced
negative affect, which was modestly elevated due to over-
night abstinence, while only the nicotine cigarette increased
positive affect (Fig. 2). Conceivably, withdrawal-related
negative affect may be alleviated by mere smoking behavior,
with or without nicotine, perhaps suggesting that relief of
this type of negative affect is a conditioned response to
smoking. On the other hand, increases in positive affect
may be a direct influence of nicotine and largely unaffected
by conditioned effects of smoking (see Rose et al. 2003).

As noted, these findings are consistent with research
indicating broader sex differences in the relative influence
of pharmacological (i.e., nicotine) and nonpharmacological
factors on acute reinforcing effects of smoking in humans
(see reviews by Perkins 1996; Perkins et al. 1999). Com-
pared with men, the rewarding and reinforcing effects of
smoking in women generally are less responsive to nicotine
per se and more responsive to nonpharmacological manip-
ulations such as verbal (instructions) and nonverbal (cues)
information about drug. Moreover, nicotine self-adminis-
tration behavior in female rats (vs male rats) is similarly
more responsive to the presence of nicotine-associated stim-
uli, although female rats do not appear to be less sensitive
than male rats to nicotine per se (Chaudhri et al. 2005).
Research is more limited in regard to sex differences in
pharmacological and nonpharmacological factors in the
acute effects of other drugs. However, women may be more
sensitive than men on some subjective responses to co-
caine-related visual stimuli (Robbins et al. 1999) but less
sensitive to cocaine per se (Lukas et al. 1996). Thus, sex
differences in these influences may reflect very basic bio-
logical factors that cut across species and generalize across
drugs, although far more research is needed to confirm the
generalizability of these differences.

A strength of this study is that, to our knowledge, it is the
first study to explicitly compare the influence of the
presence vs absence of dose instructions on the acute sub-
jective and reinforcing effects of cigarette smoking. It is
also the first study with any drug to examine sex dif-
ferences in response to this type of instructional manipu-
lation. Limitations of this study include the very modest
level of smoking exposure on which the reward and other
ratings were based (two puffs). This amount was chosen
because greater exposure could lead virtually any smoker
to detect interoceptive effects of nicotine from the nicotine
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cigarette, overwhelming the instructional manipulation. We
also wanted subjects to remain sufficiently smoke-deprived
as to allow an adequate test of smoking reinforcement
during the subsequent ad lib smoking period. Another
limitation is the relatively young sample of smokers; results
with older and more dependent smokers may differ (see
Brauer et al. 2001).

In conclusion, the presence of accurate dose instructions
enhanced the effects of nicotine on smoking reward and
reinforcement in women, but not in men. These findings
are consistent with past research indicating that, compared
to men, smoking behavior of women may be influenced
less by nicotine and more by nonpharmacological factors.
Previous studies showed that such factors included non-
verbal information of smoking cues (sight and smell of
smoke; Perkins et al. 2001), and this study extends these
factors to include verbal information about nicotine dose.
Future research should examine sex differences in the
rewarding and reinforcing effects of other drugs following
similar manipulations of verbal information.
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