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Abstract

Aims—To examine if menstrual phase affects relapse in women attempting to quit smoking.

Design—An intent-to-treat randomized smoking cessation trial where women were assigned to 

quit smoking in either the follicular (F) or luteal (L) menstrual phase and were followed for up to 

26 weeks. They were assessed for relapse by days to relapse and relapse phase to determine if 

those who begin a quit attempt during the F phase were more successful than those who begin 

during the L phase.

Setting—Tobacco Use Research Center, University of Minnesota, Minneapolis, Minnesota.

Participants—A total of 202 women.

Measurements—Latency to relapse from continuous and prolonged abstinence, point 

prevalence, phase of relapse, first slip within the first 3 and 5 days post-quit date, subject 

completion rates and symptomatology (i.e. withdrawal and craving).

Findings—The mean days to relapse from continuous abstinence and relapse from prolonged 

abstinence for the F group were 13.9 and 20.6 days, respectively, and 21.5 and 39.2 days, 

respectively, for the L group. Using point prevalence analysis at 14 days, 84% of the F group had 

relapsed compared with 65% of the L group [χ2 = 10.024, P = 0.002; odds ratio (OR) = 2.871, 

95% confidence interval (CI), 1.474– 5.590]. At 30 days, 86% of the F group relapsed, compared 

with 66% of the L group (χ2 = 11.076, P = 0.001; OR = 3.178, 95% CI, 1.594–6.334).

Conclusion—Women attempting to quit smoking in the F phase had less favorable outcomes 

than those attempting to quit in the L phase. This could relate to ovarian hormones, which may 

play a role in smoking cessation for women.
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INTRODUCTION

In 2001, more than three-quarters of female smokers in the United States reported wanting 

to quit smoking, and nearly half (46.6%) tried to do so during the previous year [1]. There is 

evidence that, compared to men, women experience greater difficulty quitting, have less 

success in sustaining initial quit attempts [2–6] and are more likely to relapse faster [7,8]. 
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The reasons for this are not well understood. Several barriers to smoking cessation appear to 

be more pronounced in women than in men. These include low confidence in quitting 

[3,9,10], smoking to relieve negative affect [5,8,11–13], fear of gaining weight after quitting 

[14–21] and higher rates of current and past depression [22–25]. Sex-based differences in 

the efficacy of pharmacological aids are conflicting. Some studies report that nicotine 

replacement therapy is less effective at suppressing some nicotine withdrawal responses in 

women than in men [26,27] and that women are less successful than men in quitting 

smoking when nicotine patches are used [28], while other studies [29,30] do not report a 

difference. Furthermore, it has been suggested that subjective and reinforcing effects of 

some non-nicotine smoking cues may be greater in women than in men [20,29]. The 

understanding of the behavioral and physiological basis for this apparent gender difference 

is still evolving.

A growing body of literature, although inconsistent and conflicting is emerging on whether 

sex steroid hormones estradiol and progesterone, which fluctuate throughout the menstrual 

cycle, may have a role. Some studies on smoking behavior report smoking rates to be higher 

during menses [31,32] and luteal phases [33,34] of the cycle, whereas other studies report no 

phase effect [18,35]. Under ad libitum smoking conditions, withdrawal symptomatology and 

craving were reported to be higher during the late luteal phase versus the follicular phase of 

the menstrual cycle [36].

There is evidence in some, but not all, studies to suggest that quitting smoking is more 

difficult in one phase versus the other. A few observational studies [34,37] report that 

nicotine withdrawal symptoms were more pronounced in the luteal phase. Experimental 

studies also report increased intensity of tobacco withdrawal symptoms during the late luteal 

phase [38,39]. On the other hand, experimental studies of short-term abstinence with a 

strictly defined cycle phase did not find that withdrawal symptomatology was affected by 

menstrual cycle phase [40,41], but that craving was elevated during post-menses [41]. Still 

another study [42] reported attenuation of withdrawal when exogenous progesterone was 

given early in the follicular phase. Desire to smoke and relieve negative affect has also been 

reported to be greater in the late luteal phase [39,40,43]. Furthermore, cue-induced craving 

in acute smoking abstinence was reported to be more prominent in the late luteal phase than 

the follicular phase [44]. In addition, response to nicotine patch in acute smoking cessation 

has been shown to diminish craving and certain premenstrual symptoms in the late luteal 

phase compared to the follicular phase [45]. The literature is clearly mixed, but does suggest 

that sex hormones may play a role. Contributing to the confusion are the varying definitions 

of phase used by investigators and the unclear role of premenstrual symptomatology, which 

is correlated moderately with withdrawal symptoms [40].

Even fewer studies investigated menstrual cycle phase-related differences in the relapse 

rates of women smokers, but again results are conflicting. Women who quit smoking during 

the premenstrual phase were significantly less successful than women who quit at mid-cycle, 

and less successful compared to men who quit smoking [43]. Other studies have offered 

evidence suggesting that quitting smoking is more difficult during the luteal phase 

[34,37,44]. One investigation found that women were most likely to relapse during menses 

regardless of phase of quit date [46].
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These discordant findings result probably from small sample sizes, the difficulty and 

variability in accurately determining the menstrual cycle phase of study participants and the 

influence of study setting (i.e. ‘laboratory’ versus ‘naturalistic’) on smoking behavior. 

Additional controlled clinical investigations with rigorous definition of cycle phase are 

needed to discern how sex steroids influence smoking cessation symptomatology and the 

propensity to relapse. Such studies will help to determine whether women have specific 

biological needs that should be addressed in smoking cessation treatment programs.

In response to the need for strong, consistent data on the effect of menstrual cycle phase on 

women’s smoking relapse rates, we conducted a randomized, out-patient, intent-to-treat trial 

of 202 female smokers. Our primary aim was to determine how smoking relapse rates are 

influenced by the menstrual phase in which a quit attempt is initiated. Women were assigned 

randomly to quit smoking in the follicular (F) or luteal (L) phases of the menstrual cycle and 

followed for 26 weeks. These two phases differ with respect to sex hormone levels (higher 

estrogen compared to progesterone in the F phase and higher progesterone compared to 

estrogen in the L phase [47]) and factors potentially affecting relapse (i.e. measurable 

withdrawal and premenstrual symptoms) [34,37,45]. We hypothesized that women 

randomized to begin a quit smoking attempt during the F phase would be more successful 

than women randomized to quit during the L phase. We expected that women with F phase 

quit dates would remain abstinent for a greater number of days until their first relapse to 

smoking, and would be less likely to relapse at all, than women with L phase quit dates. 

Withdrawal symptomatology was also measured to investigate the effect of menstrual phase 

on factors that might contribute to relapse.

METHODS

This study was approved by the University of Minnesota Institutional Review Board. 

Informed consent was obtained before enrollment and data collection.

Recruitment and screening

Participants were recruited through flyers and local advertising. Eligible for inclusion were 

18–40-year-old women who smoked greater than 10 cigarettes per day for at least 1 year and 

had regular menstrual cycles every 24–36 days for the previous 6 months. Women were 

excluded if they were obtaining nicotine from sources other than cigarettes (e.g. nicotine 

replacement, cigars, pipes, smokeless tobacco, etc.); were pregnant, breastfeeding or 

intending to become pregnant within 6 months; were using hormones (prescribed and 

herbal); were receiving treatment for psychiatric or emotional problems or for severe 

premenstrual symptoms; or were not motivated to quit smoking, as indicated by a score of 

less than 7 on a 10-point motivation scale. This scale has been used previously by the 

authors to determine motivation level for quitting smoking [48]. Women with a shortened 

premenstrual assessment form (PAF) score of < 10, indicating no premenstrual symptoms 

[49], were also excluded (< 1%) because premenstrual symptomatology was a dependent 

measure.

Women were screened first by telephone, then at a clinic visit. After informed consent was 

obtained, study eligibility was confirmed by assessing women’s medical and menstrual 
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history, smoking histories, blood levels of estrogen and progesterone, breath carbon 

monoxide (CO) and saliva cotinine levels (to verify smoking status) and written measures of 

premenstrual symptoms. As part of the screening visit, women also completed the 

Fagerstrom Test for Nicotine Dependence [50] and provided demographic information.

Randomization

After the initial clinic visit, equal numbers of women were randomized via a computer 

model to each quit group. Enrolled women tracked their menstrual cycle prospectively and 

were asked to quit smoking in either the F phase (days 4–6) or L phase (6–8 days after 

luteinizing hormone (LH) surge) of their menstrual cycle, with day 1 defined as the first day 

of menses. The LH surge was identified using home urine testing kits (described below). A 

3-day span for the assigned quit day was used to ensure that the first 2–5 days after quitting

—when peak symptoms of withdrawal usually occur [51]—fell within a participant’s 

assigned quit phase. This also kept follow-up clinic visits on a fixed weekday schedule.

Protocol

Within 2–6 weeks after enrollment and randomization, participants attended a baseline clinic 

visit. The visit occurred approximately 7 days in advance of their randomized phase quit 

date. Women were instructed to quit smoking at midnight on their quit day. During the 

baseline visit, women completed written measures of withdrawal, premenstrual symptoms 

and smoking urges. Trained counselors provided participants with 30 minutes of behavioral 

counseling (15 minutes at each subsequent clinic visit) that focused on personally relevant 

coping strategies. Participants also received self-help manuals [52].

From their quit date, participants were followed for 26 weeks, with eight clinic visits and 

two telephone contacts. Participants used home urine LH testing kits during the first 2 

months of the study. Participants kept daily records: menstrual cycle calendars (to track 

menses and LH testing results), smoking diaries (to track the number and time of cigarettes 

smoked each day) and written measures of withdrawal, premenstrual symptoms and 

smoking urges. In an effort to reduce inaccurate reporting, clinic staff instructed the 

participants not to go back and complete the forms if they missed a day and that there would 

be no penalty if forms were not completed. Clinical staff collected and reviewed forms at 

each clinic visit.

Clinic visits occurred in weeks 1 (days 2 and 5), 2 (days 9 and 12), 4, 8, 12 and 26. At each 

visit, smoking counseling (approximately 15 minutes) was provided, calendars and diaries 

were reviewed, daily forms were collected, blood samples were taken for hormone testing 

and abstinence was confirmed via breath CO and saliva cotinine testing. Participants who 

relapsed were encouraged to set another quit date. Relapsers continued in the protocol the 

same as abstainers. Participants received up to $310 in compensation for study participation.

Menstrual cycle monitoring

Three methods were used to assign participants to an initial quit date by phase (F or L) and 

to monitor phase throughout the treatment period: daily menstrual calendars [47], urine LH 

testing (First Response Ovulation Test kit, performed during the first 2 months of the study) 
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and serum hormone level monitoring. The completion rate for daily menstrual calendars was 

98.8%. Ovulation can be predicted accurately by urine LH testing [53–56], and we have 

used this method successfully in previous trials to define the L phase [35,40,45,57]. 

Participants were instructed by study staff to start testing for an LH surge on approximately 

days 7–10 of their menstrual cycle; they continued testing for 10 days or until the LH surge 

was detected, whichever came first. Serum levels of estradiol (E2) and progesterone were 

assessed from blood samples collected at clinic visits. Ratios of these hormones were used to 

confirm phase of assigned quit date; a higher estradiol/progesterone ratio indicated F phase; 

and a lower estradiol/progesterone ratio indicated L phase. Analyses were performed at the 

Fairview University Diagnostic Laboratory, 2001.

Outcome measures

Relapse—Relapse to smoking was our primary outcome. Three definitions of relapse were 

applied: relapse from continuous abstinence (CA), relapse from prolonged abstinence (PA) 

and point prevalence (PP) [58]. Relapse from CA is defined as a single puff of a cigarette. 

Some assert that this is the most representative definition of abstinence, given that most 

people who slip initially return to regular smoking [59]. PA refers to sustained abstinence 

after a grace period. We defined relapse from PA as seven consecutive slips without a 24-

hour period of abstinence between any slip [60], where a ‘slip’ was any isolated episode 

consisting of at least one puff of a cigarette when the cigarette was lit, then extinguished. 

The day of relapse was defined retrospectively as the first day of a slip. This measure has 

been used successfully to capture long-term abstainers who initially slip [61,62]. With PP, 

relapse was defined as any smoking during a 7-day window prior to the time of follow-up. 

PP is less stringent than PA or CA measures and is intended to be a cross-sectional snapshot 

measure. For this analysis, we assessed PP at 14 days and 30 days after quit date.

Participants’ smoking status (relapsed or abstinent) was determined retrospectively using 

three measures, as follows. (1) Daily smoking diaries: participants recorded abstinence or a 

smoking slip (i.e. any isolated episode consisting of one or more puffs of a cigarette when 

the cigarette was lit, then extinguished) [51]. The completion rate for daily smoking diaries 

was 99.9%. (2) Time-line follow-back (TLFB): this is a daily estimation method for 

retrospective collection of cigarettes smoked per day between clinic visits. This item is 

validated to collect data for up to 12 months prior to the interview [63,64]. TLFB results 

were reviewed by staff at each clinic visit. (3) Biochemical verification of abstinence: breath 

samples were collected at all visits using CO monitoring devices (Bedfont Scientific Limited 

Company, Kent, UK), calibrated weekly for accuracy. CO levels > 5 parts per million 

(p.p.m.) indicated acute smoking. Saliva samples for cotinine measurement were collected at 

all visits to verify self-reports of abstinence. Participants placed a dental roll in their month 

for approximately 5 minutes for sample collection. Cotinine levels less than 15 ng/ml 

indicated abstinence. Samples were analyzed in batches at the Minneapolis Medical 

Research Foundation, Division of Toxicology using gas chromatography. If there was 

discordance between CO biochemical verification and self-report, participants were 

questioned at the clinic. Participants who reported their smoking status inaccurately or used 

alternative forms of nicotine such as smokeless tobacco or nicotine replacement therapy use 

were dropped and replaced (< 1%).
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Symptomatology—Withdrawal and craving were measured with the 11-item Minnesota 

Nicotine Withdrawal Scale (MNWS) [56,65]. Premenstrual symptoms were measured with 

the 10-item Shortened Premenstrual Assessment Form (PAF) [49]. Participants completed 

the MNWS and PAF at screening, at baseline and then daily (approximately 5 minutes per 

day) for 8 weeks beginning on quit day. Smoking urges were assessed by the 32-item 

Questionnaire on Smoking Urges (QSU) [66]. Participants completed the QSU at screening, 

at baseline and then daily for 4 weeks, beginning on quit day. Daily forms were collected at 

each clinic visit. Completion rates were 77.7% for MNWS and PAF questionnaires and 

76.7% for QSU questionnaire.

Analyses

SPSS version 14.0 was used for statistical analyses. An alpha level of P < 0.05 indicated 

statistical significance.

Latency to relapse (from continuous and prolonged abstinence)—Kaplan–Meier 

survival analyses with right censoring were used to compare survival curves for the F and 

the L quit group.

The effect of quit date (F or L) on the log10 days of initial abstinence was tested using a t-

test. This log transformation allowed us to normalize the Poisson distribution that we 

observed when looking at consecutive days of abstinence. Separate tests were conducted for 

relapse from continuous abstinence (CA) and for relapse from prolonged abstinence (PA).

Because Fagerstrom scores and number of cigarettes smoked were significantly different for 

the two quit groups at baseline, we repeated the previous analyses using a one-way analysis 

of covariance (ANCOVA), controlling for the baseline Fagerstrom score and number of 

cigarettes smoked. We also ran Cox regressions, controlling for the baseline Fagerstrom 

score and number of cigarettes, to compare the survival curves for the F and L quit groups. 

Adding these two covariates left our results essentially unchanged in all cases.

Point prevalence—For 14 and 30 days after the initial quit date, we compared the 

proportion of relapsers (any smoking in the previous 7 days) in the F and L quit groups 

using χ2 tests of independence.

Time to relapse—For each quit phase group, we calculated the percentage of participants 

who relapsed < 24 hours after their quit date, relapsed ≥ 24 hours after their quit date or 

never relapsed, and used a χ2 test to compare them.

Phase of relapse—Among all participants who relapsed, we calculated the percentage 

that relapsed within their assigned quit phase and the percentage that relapsed during the 

alternative menstrual cycle phase.

Post hoc analysis—Using χ2, we compared the proportion of first slip (CA) between the 

quit-phase groups (F and L), within the first 3 days and 5 days after quit date. For 

participants whose first slip occurred within 3 days of their quit date (that is, definitely 

within their initial quit phase), we also tested the mean number of days between this first slip 
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and relapse (defined as PA) using a t-test. Participants who did not relapse within 3 days 

were not included. This latter test examines a possible difference in the response to the first 

cigarette (i.e. first slip) between the two menstrual phases.

Symptomatology—We used t-tests for all symptomatology analyses. First, we compared 

the mean symptom scores (for MNWS minus craving, craving, QSU factors 1 and 2) of the 

two quit phase groups at two time-points: on quit day and on day of relapse, using both CA 

and PA definitions of relapse. Secondly, among women who relapsed, we compared the 

mean symptom scores on day of relapse using both CA and PA definitions of relapse for 

women who relapsed less than 24 h after quitting and women who were abstinent for at least 

1 day. Thirdly, we compared the average symptom scores for the first 7 days post-quit of 

women who relapsed using the PA definition of relapse and women who did not.

RESULTS

Participant characteristics

The participant flow diagram is presented in Fig. 1. From 2002 until 2005, 1611 women 

were screened for study eligibility. Of these, 434 chose not to participate and 883 did not 

meet inclusion criteria. The main reasons for exclusion were smoking fewer than 10 

cigarettes per day, having irregular menstrual cycles and experiencing current emotional or 

psychological issues. Subsequently, 294 participants met inclusion criteria, agreed to enroll 

and were randomized to a smoking quit date in either the F or L phase. Women randomized 

to the L group smoked more cigarettes per day than women randomized to the F group (17.5 

± 6.5 and 15.8 ± 4.7, respectively, P = 0.033).

Depending on when participants were screened, they had to wait from 2 to 6 weeks to reach 

their assigned quit date. During this period, some (n = 92) of the randomized participants (F 

group = 41; L group =51) lost interest in the study, reported scheduling problems or 

subsequently became ineligible. This left 202 participants who reached their quit date and 

were thus eligible for inclusion in the analyses. Compared to the 202 (F group =106; L 

group = 96) women who met their quit date, the 92 prequit dropouts had lower affect 

subscale scores on the PAF (as measured at the screening clinic visit), a shorter mean 

duration of previous quit attempts, fewer years of education and lower yearly family 

incomes (data not shown). The differential drop-out rate was not different between the two 

pre-quit dropout groups (χ2 = 1.58, P = 0.210), but they differed by Fagerstrom score (pre-

quit L group = 4.8 ± 2.2 versus pre-quit F group = 3.9 ± 2.1, P = 0.03).

The demographic and smoking history characteristics for the 202 women included in our 

outcome analyses are reported in Table 1. Women randomized to a F quit date (n = 106) 

smoked fewer cigarettes per day and had higher levels of nicotine dependence (Fagerstrom 

scores) than women randomized to a L quit date (n = 96).

Latency to relapse

For all 202 participants who reached their assigned quit day, we compared days to relapse 

for the F quit and L quit groups using the PA (seven slips in 7 days) and CA (first slip) 

definitions of relapse. Kaplan–Meier survival analyses with right censoring were used to 
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compare survival curves for the two groups (Fig. 2). For PA, the L quit group experienced 

more days to relapse than the F quit group (eb = 1.234, P = 0.007). For CA, the difference 

between the groups was not as large, and the results were not statistically significant (eb= 

1.134, P = 0.093). Because there was a significant difference at baseline between the two 

quit groups on the Fagerstrom scores and number of cigarettes smoked, the above analyses 

were re-run as Cox regressions, with two covariates. The results were essentially unchanged 

(eb = 1.230, P = 0.009 and eb = 1.141, P = 0.081, respectively).

We compared the log of days to relapse for the F quit and L quit groups using a t-test (Table 

2). For PA, the L quit group experienced slower relapse (L = 39.2 days, F = 20.6 days, t200 = 

2.447, P = 0.015). The difference for CA was not significant (L = 21.5 days, F = 13.9 days, 

t200 = 1.908, P = 0.058). We compared log of days to relapse rather than mean days because 

latency to relapse is distributed Poisson and is extremely skewed. These tests were re-run as 

analyses of covariance, controlling for Fagerstrom scores and number of cigarettes smoked, 

but the results were little changed (PA: F1,198 = 3.882, P = 0.050; CA: F1,198 = 2.821, P = 

0.095).

Point prevalence

PP at 14 and 30 days is reported in Table 2. At both time-points, a higher percentage of 

women in the F group had relapsed than in the L group.

Time to relapse

For the F quit and L quit groups, we calculated the percentage of participants who relapsed 

within 24 hours, relapsed ≥ 24 hours and never relapsed (Table 3). For PA, the L quit group 

stayed abstinent longer (χ2
(2) = 7.03, P = 0.030), with 23% of the L quit group never 

relapsing as opposed to 9% of the F quit group. The difference was not significant for CA 

(χ2
(2) = 2.74, P = 0.255).

Phase of relapse

Of the 181 participants who relapsed, 162 women (89%) relapsed while in their assigned 

quit phase using the CA definition of relapse. Ninety-one per cent (90 of 99) of the F quit 

group relapsed in the F phase and 9% (nine of 99) relapsed in the L phase. For the L quit 

group, 88% (72 of 82) relapsed in the L phase and 12% (10 of 82) relapsed in the F phase. 

For PA, 73% of the participants who relapsed did so within their assigned quit phase. For 

the L group 69% (51 of 74) relapsed in the L phase, and for the F group 76% (73 of 96) 

relapsed in the F phase (please see Table 4).

The latency to relapse analyses were re-run, for both CA and PA, substituting relapse phase 

for quit phase as the independent variable. The results were essentially unchanged. 

Considering that the make-up of these groups (quit phase and relapse phase) is virtually 

identical, this outcome is not surprising.

Post hoc analysis

In post hoc analysis of first slip occurrence (CA), 77% (82 of 106) of women in the F quit 

group and 66% (63 of 96) of women in the L quit group had a first slip within 3 days of their 
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randomized assigned quit date. This group difference is statistically significant χ2
(1) = 4.04, 

P = 0.04). This held true for first slips occurring within 5 days of the randomized quit phase 

date (χ2
(1) = 4.87, P = 0.03). These time-periods were chosen so we could be sure that all 

participants were examined in their original, randomized menstrual phase.

The mean time-period between the first slip (within 3 days of quit day to assure same phase) 

and relapse (PA) was 4.6 ± 7.6 days for the F quit group and 5.0 ± 9.5 days for the L quit 

group (P > 0.50). The two quit groups did not differ on the time between first slip and 

eventual relapse (PA).

Symptomatology

We observed no phase-related differences in symptom severity. At screening, there were no 

significant differences in the withdrawal or premenstrual symptomatology scores for women 

in the F quit group and women in the L quit group (Table 1). Similarly, on quit day and on 

day of relapse for both CA and PA, there were no significant differences in MNWS, craving 

and QSU factor scores for women in the F quit group and women in the L quit group (data 

not shown). Among women who relapsed, mean symptom scores on day of relapse did not 

differ for women who relapsed less than 24 hours after quitting and women who were 

abstinent for at least 1 day. This was true for both CA and PA (data not shown). The only 

significant differences in symptomatology that we observed were between relapsers and 

non-relapsers (Table 5). Women who relapsed defined by PA (n = 170) had higher 

symptoms of withdrawal, craving and urge to smoke than women who never relapsed (n = 

32).

DISCUSSION

Our original hypothesis is not supported by the results of this prospective treatment trial. 

Rather, we observed that women who were randomized to quit smoking in the F phase of 

their menstrual cycle had worse smoking cessation outcomes than women who were 

randomized to quit in the L phase. Specifically, the F quit group experienced fewer days to 

relapse (from CA and PA, and from PP abstinence at 14 and 30 days) than the L quit group. 

Regardless of their quit phase, many participants did not remain abstinent beyond 24 hours 

of their quit attempt, and the percentage of women who never relapsed was low. Most 

women relapsed in their assigned quit phase group. Overall, the F quit group had a less 

favorable outcome than the L quit group.

The reason for these observed phase-related differences in quit smoking success is not clear. 

One possibility is that phase-related differences in withdrawal symptom severity are 

influencing women’s quit success. Some observational clinical studies [34,37] have reported 

that women who quit in the luteal phase experience more withdrawal. Further, there is some 

empirical evidence to suggest that escalation of withdrawal symptoms contributes to relapse 

during a smoking cessation attempt. For example, in several studies withdrawal symptoms 

were reported to begin within 4–24 hours after cessation and were suggested to have 

contributed to risk for early relapse [65,67–70]. In this trial, however, we measured 

women’s withdrawal symptoms daily and found no phase effect on their magnitude. 

Women’s mean withdrawal symptoms on both quit day and relapse day did not differ for the 
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two quit groups. In addition, we have conducted previously an analysis of data from a subset 

of women from this study—the first 137 women who completed 30 days of their protocol 

[48]. From this analysis, we found that their withdrawal symptoms, nicotine craving and 

smoking urges increased 1–2 days prior to relapse, peaked at relapse and then diminished. 

However, this marked symptom effect was not related to menstrual phase; the same patterns 

were observed consistently for women in both the F and L phases.

Although contrary to our original hypothesis and the findings from some studies 

[34,37,43,44,46], our phase-relapse results are congruent with other clinical studies of 

addictive drugs [42,71–75]. For example, there is evidence that ovarian hormones influence 

subjective and mood altering responses to nicotine [76], amphetamines [77] and cocaine 

[71,74]. Consistently, the effects of these drugs are enhanced in the follicular phase (when 

estrogen levels are higher than progesterone levels). In other research, the interaction 

between progesterone and cocaine in male and female cocaine users was examined using 

subjective, physiological and behavioral outcomes [78]. Progesterone attenuated some of the 

physiological and subjective effects in both genders. In other studies, participants’ responses 

to d-amphetamines varied with the menstrual cycle [77,79]. Their subjective responses were 

enhanced in the late follicular phase (when estrogen is moderate), but not in the luteal phase 

(when progesterone is prominent). We examined the effects of administering a single dose 

of micronized progesterone to a small sample of women smokers (n = 12) in the early 

follicular phase (lower estrogen and progesterone) [42]. We found an association between 

progesterone treatment and attenuated subjective smoking effects, as well as a trend toward 

decreased smoking behavior. Our data are more in line with these studies of addictive drugs, 

i.e. enhanced effect of estrogen (follicular phase) compared to more attenuated effect of 

progesterone (luteal phase), resulting in a poorer outcome in the follicular quit group.

It has also been suggested that ovarian hormones alter nicotine metabolism in women, and 

that this may affect smoking cessation. In pregnant women (for whom estrogen and 

progesterone are elevated), the clearance of nicotine was significantly higher than in non-

pregnant women [80]. Additionally, women taking oral contraceptives had significantly 

higher rates of nicotine metabolism than women who were not taking the contraceptives. 

Interestingly, among oral contraceptive users, nicotine metabolism was accelerated only in 

those taking estrogen-only and combined (estrogen and progesterone) contraceptives. These 

data suggest that estrogen may be responsible for enhanced nicotine metabolism in women 

[81].If estrogen does alter nicotine metabolism, this could affect nicotine dependence and 

ability to quit.

Another possible explanation for our results is that ovarian hormones are altering the 

reinforcing effects of nicotine. Studies in animal models of drug self-administration provide 

strong evidence of this, and it may occur via alterations in dopamine functioning in the 

reward areas of the brain where estrogen has been suggested to enhance dopamine 

functioning [82,83]. For example, a relationship was observed between elevated levels of 

estrogen and increased self-administration of heroin, cocaine and nicotine [84–87]. Estrogen 

also enhanced the reinstatement of cocaine self-administration [88], whereas progesterone 

attenuated cocaine’s effects [89] and suppressed relapse to cocaine in rats [90]. These 

findings suggest that estrogen and progesterone may moderate drug-seeking behavior.
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Based on this literature, one could posit that a first slip during the follicular phase will 

contribute to quicker relapse (i.e. estrogen-enhancing reinforcement). Because first slip 

predicts relapse [91], the occurrence of first slip and the time from slip to relapse by 

menstrual cycle phase may help us to understand estrogen’s role in augmenting the 

reinforcing effects of nicotine. In this study, although the percentages of first slip were 

higher in the first 3 and 5 days post-quit for women in the F group versus the L group, there 

was no difference in the mean days from first slip to relapse between groups. However, our 

study was not designed to measure this; therefore, our results do not refute estrogen’s effect 

in enhancing nicotine as a reinforcer.

Additional research is needed to define the mechanism(s) by which sex steroid hormones 

might modulate nicotine response and abstinence. In the follicular phase, does estrogen 

increase dopamine levels and trigger greater difficulty quitting? Does it increase the 

metabolism of nicotine associated with greater craving for nicotine? The natural fluctuations 

in hormonal ratios across the menstrual cycle may also play a role in relapse. A more 

rigorous study design is needed to control for the fluctuating hormone levels, where 

exogenous hormones are administered during the early follicular phase when endogenous 

hormones are low. Then nicotine response systems and pharmacokinetics could be studied 

more precisely to help elucidate the role of sex hormones in smoking cessation in women.

This is the first randomized study of female smokers designed to test if menstrual phase 

affects smoking cessation. No other studies have compared relapse rates directly by assigned 

menstrual quit phase. This study used rigorous criteria to identify phase and define relapse. 

Consequently, this study contributes new data in this evolving field to support a role of sex 

hormones in smoking cessation for women. This potential role needs clearer definition with 

a more controlled study design to investigate the mechanism of sex hormones in nicotine 

dependence.

There are some limitations to the present study. Self-report measures are limiting and daily 

measurements are subject to being invalid. However, our data show that women’s 

premenstrual symptoms increased prior to onset of menses. This suggests that forms were 

not completed randomly. In addition, daily measures of craving, withdrawal symptoms and 

smoking urges all peaked at the time of relapse, as one might expect [48]. The timing of the 

cycle and quit date meant that participants had to wait 2–6 weeks to reach their quit date. 

While unavoidable, this delay probably increased our number of prequit dropouts. However, 

the rate of dropout for the two randomized quit groups was not different, so the final 

randomized groups were not biased. Relapse rates in our study were high, although 

comparable to those reported in other behavioral intervention studies where no 

pharmacological smoking cessation treatments were used [92–94]. The low success rate we 

observed was not a result of women merely not attempting to quit. Most participants (86%, 

173 of 202) made at least one serious quit attempt (≥ 24 hours) in the first 30 days following 

their assigned quit day. In addition, women had to rate their motivation at least 7 on a 10-

point scale to be included in this ‘intent-to-quit study’. We purposefully did not include 

pharmacological treatment in our design, to avoid confounders of the dependent variables. 

Nicotine replacement has been shown to diminish craving and some premenstrual 

symptoms, especially in the late luteal phase [45]. Chantix was not available when this study 
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was being conducted. It would be important to repeat this study with pharmacotherapy to 

improve abstinence. Our results are not generalizable to women without premenstrual 

symptoms as they were excluded from the study, although most women (85%) [95] report 

experiencing some premenstrual symptoms.

In conclusion, among women enrolled in a randomized 26-week intent-to-treat smoking 

cessation study, those who attempted to quit in the F phase had less favorable outcomes (i.e. 

shorter days to relapse and fewer numbers who did not relapse) than women who attempted 

to quit in the L phase. More research is needed to understand the biological mechanisms 

underlying these observed phase-related differences. Our findings add to existing literature 

that supports an important role for ovarian hormones in nicotine addiction and smoking 

cessation. Future clinical trials of smoking cessation in women may want to control for 

menstrual cycle phase. Our results suggest that the success of a quit attempt could be 

affected by quit date timing (by menstrual cycle phase) and is an intervention that could be 

delivered in a clinical setting or used for smoking cessation programs.
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Figure 1. 
Participant paradigm
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Figure 2. 
Survival curves using ‘seven slips’ (prolonged abstinence: PA) and ‘one puff’ (continuous 

abstinence: CA) as relapse definitions
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Table 1

Demographic characteristics and smoking behavior history for participants (n = 202) at screening.

Characteristic Total enrolled (n = 202) Follicular quit group (n = 106) Luteal quit group (n = 96) P-value

Demographics†

    Age (years) 29.8 ± 6.6 29.0 ± 6.4 30.6 ± 6.7 0.101

    Education (years) 13.7 ± 2.0 13.7 ± 2.2 13.7 ± 1.7 0.974

    Ethnic origin‡§

    African American 4% 6% 2% 0.460

    American Indian 9% 11% 7%

    Asian 3% 2% 4%

    White 82% 79% 84%

    Other 3% 3% 2%

    Hispanic¶ 2% 2% 1% 0.614

Marital status§

    Single 54% 58% 50% 0.333

    Divorced 14% 12% 16%

    Separated 2% 1% 3%

    Married 30% 29% 31%

Yearly family income§

    ≤ $30 000 49% 52% 45% 0.779

    $30 001–60 000 34% 29% 38%

    > $60 000 18% 19% 17%

Smoking history†

    Years of smoking 13.1 ± 7.0 12.6 ± 7.6 13.6 ± 7.0 0.316

    Number cigarettes/day 16.6 ± 5.6 15.8 ± 4.7 17.5 ± 6.5 0.033

    Fagerstrom score (1–11)†† 4.1 ± 2.0 4.4 ± 1.9 3.8 ± 2.1 0.031

    Number of quit attempts 2.7 ± 2.1 2.7 ± 1.9 2.8 ± 2.3 0.786*

    Longest days abstinent 208.0 ± 489.7 141.5 ± 242.9 279.6 ± 653.5 0.578*

Screening measures†

    PAF total 25.1 ± 9.5 25.1 ± 9.5 25.1 ± 9.6 0.993

    PAF affect 10.0 ± 4.2 10.1 ± 4.1 9.9 ± 4.3 0.777

    PAF pain 7.8 ± 3.6 8.0 ± 3.8 7.6 ± 3.5 0.418

    PAF water 7.3 ± 3.4 7.0 ± 3.4 7.6 ± 3.5 0.240

    MNWS total 5.3 ± 4.8 5.3 ± 4.7 5.2 ± 4.9 0.857

    MNWS craving 2.7 ± 0.9 2.8 ± 0.7 2.6 ± 1.0 0.068

    QSU factor 1 4.9 ± 1.2 4.9 ± 1.2 4.9 ± 1.2 0.965

    QSU factor 2 2.8 ± 1.1 2.8 ± 1.1 2.8 ± 1.1 0.864

    CO 17.7 ± 8.7 17.2 ± 8.0 18.3 ± 9.4 0.350

    Cotinine 224.6 ± 112.4 210.1 ± 95.2 241.1 ± 128.8 0.235

*
t-test performed on the log of these numbers.
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†
Statistics reported as means ± standard deviation unless otherwise noted.

‡
Reported as frequency (%).

§
P-value for categorical items is the Spearman’s correlation.

¶
Reported separately from race.

††
Fagerstrom (1978). PAF: Premenstrual Assessment Form; MNWS: Minnesota Nicotine Withdrawal Scale; QSU: Questionnaire on Smoking 

Urges; CO: carbon dioxide.
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Table 2

Mean (± standard deviation) days to relapse and point prevalence for each quit phase group.

Relapse definition
Follicular quit group
(n = 106) Luteal quit group (n = 96) P-value

Odds ratio
(confidence interval)

One slip (CA)* 13.9 (43.4) 21.5 (46.3) 0.058* NA

Seven slips (PA)* 20.6 (45.8) 39.2 (59.0) 0.015* NA

14 days PP 84% relapsed 65% relapsed 0.002 2.871 (1.474–5.590)

30 days PP 86% relapsed 66% relapsed 0.001 3.178 (1.594–6.334)

*
t-test on log of days to relapse. CA: continuous abstinence; PA: prolonged abstinence; PP: point prevalence; NA: not applicable.

Addiction. Author manuscript; available in PMC 2015 July 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allen et al. Page 22

Table 3

Percentage of participants in each quit phase group who relapsed < 24 hours after quitting, relapsed ≥ 24 hours 

after quitting, and never relapsed.

Relapse definition
Follicular quit group

(n = 106) % (n)
Luteal quit group

(n = 96) % (n) P-value

One slip (CA) 0.255*

    Relapsed < 24 h 48% (51) 44% (42)

    Relapsed ≥ 24 h 45% (48) 43% (41)

    Never relapsed 7% (7) 14% (13)

Seven slips (PA) 0.030†

    Relapsed < 24 h 25% (26) 19% (18)

    Relapsed ≥ 24 h 66% (70) 58% (56)

    Never relapsed 9% (10) 23% (22)

*
χ2 = 2.74, d.f. = 2.

†
χ2 = 7.03, d.f. = 2.

CA: continuous abstinence; PA: prolonged abstinence.
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Table 4

Percentage of participants who relapsed in each quit phase group in a particular phase (follicular or luteal).

Phase of relapse
Follicular quit group

(n = 99 relapsed) % (n)
Luteal quit group
(n = 82 relapsed) % (n)

Continuous abstinence

    Follicular 91% (90) 12% (10)

    Luteal 9% (9) 88% (72)

Phase of relapse
Follicular quit group

(n = 96) % (n)
Luteal quit group
(n = 74) % (n)

Prolonged abstinence

    Follicular 76% (73) 31% (23)

    Luteal 24% (23) 69% (51)
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Table 5

Mean symptom scores during the first 7 days post-quit for relapsers and non-relapsers.*

Symptom measure

Relapsers
(n= 170)

Mean±SD

Never relapsed
(n = 32)

Mean±SD t-value P-value

Total MNWS minus craving† 11.19 ± 5.34 9.12 ± 5.17 −2.01 0.046

Craving‡ 2.83 ± 0.79 2.46 ± 0.69 −2.45 0.015

QSU factor 1§ (desire to smoke) 4.24 ± 1.10 3.45 ± 1.00 −3.76 0.000

QSU factor 2§ (smoking to relieve negative affect) 3.45 ± 1.27 2.71 ± 1.16 −3.05 0.003

*
Relapse is defined as seven consecutive slips without 24 h between.

†
Total Minnesota Nicotine Withdrawal Scale (MNWS) minus craving (range 0–28).

‡
Craving (range 0–4).

§
Questionnaire on Smoking Urges (QSU) factors 1 and 2 (range 1–7). SD: standard deviation.
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