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Discussion: Menstrual cycle phase may have an effect on reactivity 
to smoking-related and stressful cues among women smokers. 
These findings contribute to an expanding literature, suggesting 
menstrual cycle effects on smoking behaviors in women.

Introduction
One hypothesized contributor to gender differences in smoking-
related behaviors is the potential influence of hormonal varia-
tions during the menstrual cycle in women (Allen, Bade, Center, 
Finstad, & Hatsukami, 2008; Allen, Hatsukami, Christianson, & 
Brown, 2000). Higher smoking rates have been observed during 
the luteal (i.e., premenstrual) phase in several (Craig, Parrott, & 
Coomber, 1992; Marks, Hair, Klock, Ginsburg, & Pomerleau, 
1994; Mello, Mendelson, & Palmieri, 1987; Snively, Ahijevych, 
Bernhard, & Wewers, 2000; Steinberg & Cherek, 1989) but not 
all (Allen, Hatsukami, Christianson, & Nelson, 1996; Pomerleau, 
Cole, Lumley, Marks, & Pomerleau, 1994) studies. Additionally, 
some studies have suggested that nicotine withdrawal and crav-
ing may be more severe during the luteal phase (see Carpenter, 
Upadhyaya, LaRowe, Saladin, & Brady, 2006, for review).

Minimal research in this area has focused on cue reactivity, 
a laboratory procedure used to study responses to smoking- 
related and negative affect/stress cues. Only one prior study has 
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explored smoking cue reactivity and menstrual cycle (Franklin 
et al., 2004). In this study of 41 treatment-seeking women  
smokers, subjective craving in response to smoking-related cues 
was greater among women in the luteal phase (n = 24) than 
those in the follicular phase (n = 17). While these findings sug-
gest that women in the luteal phase may be especially responsive 
to smoking-related cues, they should be interpreted with cau-
tion because menstrual phase was assessed retrospectively via 
self-report alone.

Given the suggestive results of prior investigations, the pres-
ent study sought to explore the influence of menstrual cycle 
phase on smoking cue reactivity with additional methodological 
rigor, including prospective biological verification of phase, in-
clusion of both smoking-related and stressful cues, and use of 
multiple measures of cue reactivity. It was hypothesized that 
women would be more reactive to cues during the luteal phase 
of the menstrual cycle.

Methods
Participants
Non–treatment-seeking female smokers (≥10 cigarettes/day) 
ages 18–40 years, having regular menstrual cycles between 25 
and 35 days and not taking hormonal contraception or replace-
ment, were recruited from the community. Current major co-
morbid psychiatric or substance use disorders (including 
premenstrual dysphoric disorder) were exclusionary (First, 
Spitzer, Gibbon, & Williams, 2002).

Procedure
Eligible participants attended four laboratory-based cue reactivi-
ty sessions, timed to coincide with four distinct menstrual cycle 
phases: (a) early follicular (EF), timed 1–3 days following the on-
set of menses (see below); (b) mid-follicular (MF), 7–10 days fol-
lowing the onset of menses; (c) mid-luteal (ML), 6–9 days 
following ovulation; and (d) late luteal (LL), 10–13 days follow-
ing ovulation. Phase distinctions were based on associated chang-
es in ovarian hormones within each (Guyton & Hall, 2000; Marks, 
Pomerleau, & Pomerleau, 1999), though prior related research 
has yielded no definitive phase definitions (Carpenter et al., 
2006). To minimize potential order effects, the testing sequence 
was randomized to four sequences: EF first (n = 11), MF first  
(n = 11), ML first (n = 9), and LL first (n = 6). Via telephone 
contact, participants reported onset of menses; thereafter, EF 
and MF phases were identified. Home testing kits (Clearplan 
Easy; Unipath Diagnostics Company, Englewood Cliffs, NJ) 
were used to monitor for luteinizing hormone level surge, which 
denoted ovulation and allowed for the identification of ML and 
LL phases.

After smoking 45–60 min prior to the procedure, partici-
pants were exposed to four cues (90 s each, counterbalanced 
and separated by 10-min nature slide show). Active cues con-
sisted of (a) in vivo manipulation of smoking paraphernalia and 
(b) imagery-based script of personalized stress-inducing event. 
Inactive/control cues consisted of (a) in vivo manipulation of 
pencil and eraser and (b) imagery-based script of relaxing event. 
Our prior work has shown these active cues to reliably induce 
craving relative to control cues (Carpenter et al., 2009; LaRowe, 
Saladin, Carpenter, & Upadhyaya, 2007). Physiological reactivity 

measures were collected prior to and throughout cue adminis-
tration. Subjective craving measures were collected before and 
after cue administration. Sessions lasted about 120 min.

Measures
The Questionnaire of Smoking Urges–Brief (QSU-B; Cox,  
Tiffany, & Christen, 2001) was used to measure subjective  
craving/reactivity. The QSU-B includes two factors: Factor 1 as-
sesses positive reinforcement (i.e., hedonic craving) and Factor 2 
assesses negative reinforcement (i.e., alleviation of negative affect/
withdrawal). Physiological assessment included heart rate and 
skin conductance (LaRowe et al., 2007). Participants completed 
daily self-report smoking diaries throughout study participation.

Analyses
Outcome variables were assessed for normality, and log

10
, square 

root, or inverse transformations were applied as appropriate. 
Findings with p value <.05 were considered significant, and 
those with p value between .10 and .05 were considered border-
line significant.

Analyses first focused on measures of craving/reactivity in 
response to the active cues in isolation. Subsequent analyses con-
trolled for response to the appropriate control cue. Subjective 
craving was defined as the postcue QSU-B score. Physiological 
cue reactivity was defined as the percent change from baseline in 
response to the cue via the following formula: ([maximum value 
during cue − precue value]/precue value) × 100.

Cycle effects were initially analyzed by comparing measures 
of reactivity across four phases (EF, MF, ML, and LL). They 
were then analyzed with phases collapsed into two categories: 
follicular and luteal. Post-hoc pairwise t tests were performed as 
appropriate to identify specific phase effects. Covariance pattern 
models in SAS proc mixed were used to account for repeated 
measures within participants over multiple sessions/timepoints. 
All analyses controlled for cue presentation order.

Similar methods were employed to analyze phase effects on 
smoking behavior. Participant self-report smoking diary data 
for the day preceding and the day following each phase- 
determined session were used as an index of smoking during the 
corresponding phase. Smoking data corresponding to the day of 
each cue reactivity session were not included in the analysis, 
given the likelihood that the 2-hr cue session altered spontane-
ous smoking behavior.

Results
Participants
Thirty-seven women participated in the study. Average age 
(mean ± SE) was 30.4 ± 1.1 years. They smoked 18.1 ± 1.2 ciga-
rettes/day and had been regular smokers for 11.2 ± 1.0 years. 
Among the participants, 78% were White, 62% were employed, 
67% had schooling beyond high school, and 56% had Fagerström 
Test for Nicotine Dependence score ≥6.

Smoking cue
Subjective. Subjective craving in response to smoking in vivo 
cues varied across the cycle, QSU-B total score F(3, 84.3) = 2.54, 
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p = .02; QSU-B Factor 1 score F(3, 84.2) = 2.26, p = .09; and 
QSU-B Factor 2 score F(3, 54,4) = 2.57, p = .06; see Figure 1. 
Post-hoc t tests between EF and other phases revealed that  
subjective craving was higher during EF than during LL, total 
t(84.4) = 1.71, p = .02; Factor 1 t(83.4) = 1.72, p = .09; and Factor 
2 t(79.0) = 2.18, p = .03. When phases were collapsed into two 
categories, greater craving was noted in the follicular phase, total 
F(1, 84.5) = 6.70, p = .01 and Factor 1 F(1, 86.8) = 6.79, p = .01. 
When controlling for response to the neutral in vivo cue, phase 
effects on subjective craving were no longer significant.

Physiological. When controlling for response to the neutral in 
vivo cue, a marginal phase effect on skin conductance was noted, 
F(3, 36.2) = 2.84, p = .05, with highest response in the MF phase 
(Figure 2). Post-hoc t tests between MF and other phases re-
vealed that skin conductance differences were most notable be-
tween MF and ML, t(49.1) = 2.84, p = .01. No phase effect was 
observed for heart rate response to in vivo cues.

Stressful script cue
Subjective. No significant phase effects on subjective response 
to script cues were observed. When phases were collapsed into 
two categories, women in the follicular phase had margin-
ally more negative affect/withdrawal craving, QSU-B Factor 2  
F(1, 39.8) = 3.47, p = .07]. When controlling for response to the 
neutral/relaxing script cue, no phase effects on subjective crav-
ing were significant.

Physiological. Heart rate response to the stressful script cue 
varied marginally across the cycle, with highest response in the 
MF phase, F(3, 56.8) = 2.49, p = .07. When phases were col-
lapsed into two categories, women in the follicular phase had a 
greater heart rate response, F(1, 51.3) = 4.51, p = .04. When 
controlling for the effects of the neutral/relaxing script cue, 
heart rate response varied across the cycle, with highest response 
in the MF phase, F(1, 59.6) = 3.82, p = .01; Figure 2. Post-hoc  
t tests between MF and other phases revealed that heart rate dif-
ferences were most notable between MF and ML, t(76.1) = 2.54, 
p = .01, and between MF and EF, t(76.0) = 2.55, p = .01. No 
phase effects on skin conductance response to the script cues 
were observed.

Figure 1. Mean (least square ± SE) subjective craving response to 
smoking in vivo cues across menstrual cycle phases, controlling for or-
der effects.

Figure 2. Mean (least square ± SE) skin conductance (SC) response to 
smoking in vivo cues and heart rate (HR) response to stressful imagery 
cues across menstrual cycle phases, controlling for order effects. Log (% 
change log[SC + 1]) was analyzed to obtain near normality of regression 
residuals. Menstrual cycle phase effect on SC p = .05 and effect on HR  
p = .01 when controlling for reactivity to neutral cues. EF = early follicu-
lar; MF = mid-follicular; ML = mid-luteal; LL = late luteal.

Smoking behavior
No differences in smoking behavior across the cycle were  
observed, regardless of measurement with four, F(3, 49.5) = 0.98, 
p = .41, or two, F(1, 48.1) = 0.92, p = .34, phases.

Discussion
Results suggest that some components of reactivity to smoking 
in vivo and stressful imagery cues may vary across the menstru-
al cycle in women smokers. Contrary to our hypothesis, the sig-
nificant findings, while modest, are consistently in the direction 
of greater reactivity during the follicular phase. These findings 
contribute to a mixed literature. Several studies have failed to 
demonstrate phase effects on craving in nonabstinent women 
smokers (Allen, Hatsukami, Christianson, & Nelson, 1999;  
Pomerleau, Garcia, Pomerleau, & Cameron, 1992; Pomerleau, 
Mehringer, Marks, Downey, & Pomerleau, 2000; Snively et al., 
2000), and others have suggested increased craving in the luteal 
or late luteal phase (Allen et al., 1996; Franklin et al., 2004).

Inconsistency in results across studies may reflect differences 
in design and/or methodology. First, prior studies have utilized 
a variety of retrospective self-report methods to determine men-
strual phase. Second, some studies have incorporated within-
subjects designs, while others have made between-subjects 
comparisons. Third, instruments and methods for measurement 
and analysis of craving and cue reactivity have varied across 
studies. Fourth, potentially confounding inclusion criteria (e.g., 
psychiatric comorbidity, such as premenstrual dysphoric disor-
der) have not been consistent between studies.

Investigation of potential menstrual phase effects on smok-
ing cessation outcome is also relevant, given that cue reactivity 
has repeatedly been found to predict smoking cessation out-
come (e.g., Payne, Smith, Adams, & Diefenbach, 2006). How-
ever, the few studies that have experimentally examined this 
relationship have yielded mixed results (Allen, Allen, Lunos, & 
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Hatsukami, 2009; Allen et al., 2008; Carpenter, Saladin, Leinbach, 
LaRowe, & Upadhyaya, 2008; Franklin et al., 2008). Our finding 
that smoking behavior did not vary across the cycle contributes 
to a similarly inconsistent literature.

Heightened craving and cue reactivity during the follicular 
phase, as is suggested by the present results, may in part reflect 
underlying hormonal activity. Fluctuations in estrogen and pro-
gesterone levels across the menstrual cycle may play a key role in 
modulating craving. Prior research has demonstrated that ad-
ministration of progesterone during the follicular phase attenu-
ates craving for cigarettes in female smokers (Sofuoglu, Babb, & 
Hatsukami, 2001). This is congruent with basic science (Feltenstein 
& See, 2007) and clinical research (Sinha et al., 2007) examining 
cocaine use and ovarian hormone levels, which suggests that 
progesterone reduces cocaine cue reactivity and intake. To clar-
ify the possible relationship between ovarian hormones and 
craving/cue reactivity, future prospective studies should include 
ovarian hormone level measurement.

The present findings should be considered in light of limita-
tions. First, participants smoked 45–60 min prior to each ses-
sion, creating a partially sated condition that may have 
dampened overall cue reactivity. Second, a multiple-item crav-
ing instrument (QSU-B) was used in lieu of a single item mea-
sure. Over repeated administration, participant fatigue/boredom 
may have reduced careful completion of self-report assessments. 
Third, and most importantly, the relatively small sample size 
affected the overall power of the study. The relatively modest 
results likely reflect this power limitation. Nonetheless, the pres-
ent study incorporated a prospective design with biological 
phase verification and yielded findings that provide a novel ad-
dition to the developing literature on menstrual cycle effects on 
smoking behaviors in women.

Conclusions
The present findings suggest an effect of menstrual cycle phase 
on some aspects of reactivity to smoking and stressful cues. 
Contrary to our hypothesis, reactivity may be heightened dur-
ing the follicular phase. In the context of prior research, this 
may suggest that fluctuations in ovarian hormone levels under-
lie these changes in reactivity. Future studies should directly in-
vestigate the effect of ovarian hormone levels on various aspects 
of smoking behavior, cigarette craving, and cue reactivity in 
women smokers.
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