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Abstract

Clinical studies are emerging which suggest that sex hormones may play a role in quit attempts and
relapse. The present study aim is to determine if menstrual phase plays arole on a second self-selected
quit attempt and subsequent relapse during a twenty-six week follow-up. Participants (n=138) were
29.7 £ 6.5 years old and smoked 16.1 + 4.8 cigarettes per day. Participants were more likely to self-
select a second quit date during the Follicular (F) phase (59.4%) than Luteal (L) phase (40.6%, p =
0.033) and were also more likely to relapse during the F phase than the L phase (59.7% vs. 40.3%,
p=0.043, respectively). Those who self-selected to quit in the L phase experienced a significantly
longer time to relapse than those who chose the F phase (median of 3 days vs. 2 days, respectively;
Hazard Ratio = 1.599, p-value=0.014). This confirms previous work suggesting quit dates in the F
phase are associated with worse smoking cessation outcomes. Additional research is needed to
investigate how this relationship may vary with the use of pharmacotherapy.
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1. Introduction

Quit attempts in smoking women have been extensively studied given that women are
particularly vulnerable to relapse, as well as have multiple health risks of smoking, i.e. lung
cancer, osteoporaosis, cervical cancer, increase problems with pregnancy including miscarriage,
low birth weight and preterm deliveries (United States Department of Health & Human
Services, 2001). Studies have shown that female smokers have poorer outcomes in sustaining
a quit attempt (Perkins, 2001; Ward et al, 1997; Bjornson et al, 1995; Grunberg et al, 1991)
and relapse quicker (Swan et al, 1996; Ward et al, 1997) as compared to men. Some specific
barriers to smoking cessation among women have been identified including low confidence
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(Audrain et al, 1997; Sorensen et al, 1992), negative affect (Borland, 1990; Borrelli et al,
1996), fear of weight gain (Meyers et al, 1997; Pomerleau & Kurth, 1996; Perkins et al,
1997) and depression history (Glassman et al, 2001; Borrelli et al, 1996).

The role of sex hormones (i.e. menstrual cycle) in smoking cessation is still evolving. While
the animal literature provides strong evidence for the role of sex hormones in addictive
behaviors, the clinical literature is mixed. In animal studies, estrogen has been found to be
associated with an increase in self-administration of addictive drugs (Lynch et al 2001; Roth
et al, 2002; Roth et al 2004), whereas progesterone decreases self-administration (Mello et al,
2007; Morissette & DiPaolo, 1993; Anker et al 2007) Recent clinical studies have emerged
with mixed evidence that sex hormones may play a role in quit attempts and relapse. Some
studies have identified the follicular phase (high estrogen, low progesterone) to be associated
with poorer smoking cessation outcomes (Allen et al, 2008), whereas others have found that
the luteal phase (low estrogen, high progesterone) is associated with poor outcomes (Franklin
et al, 2004; Franklin et al, 2008; Carpenter et al, 2008). Clearly, further studies are needed.

In our recent publication on menstrual phase effects on relapse (Allen et al, 2008), we observed
that women randomized to quit smoking in the follicular (F) phase had shorter days to relapse
than women randomized to quit in the luteal (L) phase. We followed these women who relapsed
to determine their subsequent self- selected quit dates and relapse. The primary aim of the
present study was to assess the effect of menstrual phase on the self-selected second quit date
and on relapse. We hypothesized that women who self-selected a second quit date in the F
phase would have fewer days to relapse as compared to women who self-selected a quit date
in the L phase. The overall goal of defining these patterns was to gain more understanding of
the potential role of sex hormones in quit attempts and relapse in smoking women and to use
this knowledge to provide more successful smoking cessation strategies for women.

2. Methods
2.1 Participants

Female participants were recruited through local media advertisements. Women were screened
first by phone, then at a clinic visit. After informed consent was obtained, study eligibility was
confirmed from an assessment of the participant’s medical, menstrual and smoking history,
blood levels of estrogen and progesterone, and breath carbon monoxide (CO) and saliva
cotinine levels to verify smoking status. Participants had to be healthy, between the ages of 18
to 40 year-old, motivated to quit smoking (as indicated by a 7 or higher on a 10-point Likert-
type scale), smoke 10 or more cigarettes per day for at least one year, have regular menstrual
cycles and not be using exogenous hormones or psychotropic medications (see Allen et al,
2008 for more detail on inclusion/exclusion criteria). As part of the screening visit, women
also completed the Fagerstrom Test for Nicotine Dependence (FTND; Heatherton et al,
1991) and provided demographic information. This study was approved by the University of
Minnesota Institutional Review Board.

2.2 Study Protocol

Participants were randomized 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. Within two to six weeks after enrollment and randomization,
participants attended a baseline clinic visit. This visit was timed to occur approximately one
week prior to the participant’s randomized quit date. Participants were instructed to quit
smoking at midnight on their randomized quit day. Trained counselors provided brief
behavioral counseling focusing on personally relevant coping strategies and provided each
participant with a self-help manual (National Institute of Health’s Clearing the Air). Counselors
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were instructed to avoid discussion of the menstrual cycle during counseling sessions.
Beginning on their quit date, participants kept daily menstrual cycle calendars and smoking
diaries. Participants were followed for 26 weeks with eight clinic visits and two phone calls.
Clinic visits occurred in weeks 1 (days 2 and 5), 2 (days 9 and 12), 4, 8, 12, and 26. At each
visit, cessation counseling was provided, calendars and diaries were reviewed, blood samples
were taken for hormone testing, and smoking status was confirmed via breath CO and saliva
cotinine testing. Participants who had relapsed were encouraged, but not required, to set another
quit date any time within the next month. Those who relapsed continued in the protocol as
described above the same as abstainers. Those participants who relapsed and self-selected a
second quit date were the focus of this current data analysis.

2.3 Menstrual Cycle Monitoring

Three methods were used to monitor phase during the study: daily menstrual calendars, urine
LH testing (First Response Ovulation Test kit), and monitoring of serum hormone levels (for
more details see Allen et al, 2008). For the purposes of this analysis, the L phase was defined
as the fourteen days prior to the onset of menses and the F phase was defined as all other days
of the menstrual cycle, including menses.

2.4 Self-Selected Second Quit Dates & Relapse

Self-selected second quit date was defined as any 24-hour period of smoking abstinence
immediately following a day of smoking anytime after the participants’ randomly assigned
quit date. Relapse occurring after the self-selected quit date was defined as a single puff of a
cigarette (Hughes et al, 2003). Participants’ smoking status (relapsed or abstinent) was
determined retrospectively using daily smoking diaries, Time Line FollowBack (TLFB; Sobell
& Sobell, 1991; Sobell & Sobell, 1996) and verified at each clinic visit with a Carbon Monoxide
breath analyzer (CO < 5ppm indicating abstinence) and saliva cotinine (<15 ng/ml indicating
abstinence).

2.5 Analyses

3. Results

Among participants who had a self-selected second quit date, we calculated the number and
percentage that quit during each menstrual phase. We also calculated the number and
percentage that relapsed during each menstrual phase. A Fisher’s exact test and logistic
regression were used to investigate the relationship between the second quit date and menstrual
cycle phase of second relapse and baseline covariates. Time to second relapse was defined as
the number of days between the second quit date and the date of second relapse. We calculated
the median time in days to second relapse along with a 95% confidence interval using Kaplan-
Meier estimators. Participants who did not have a second relapse were right censored using
the date of the last diary entry. A Cox’s regression model was used to investigate the
relationship between time to second relapse and baseline covariates. The following covariates
were considered for inclusion in the models: initial randomization group, time of first relapse,
number of previous quit attempts, length of longest previous quit attempt in days, baseline
FTND score, years of smoking, age of smoking initiation, race, and current age. P-values <
0.05 were considered statistically significant. Backward elimination was used to remove
covariates from the model that had p-values > 0.10. Analyses were completed using SAS
version 9.1.3 software (SAS Institute, Cary, NC).

3.1. Demographics/Smoking Behavior

A total of 294 women were enrolled in the original trial. Of those, 31.3% (92/294) withdrew
from the study prior to their randomly assigned quit date citing scheduling difficulties, loss of
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interest in the study, or were lost to follow-up. Of the remaining 202 participants, 138 (68.3%)
participants relapsed to smoking after their randomly assigned quit date and subsequently made
asecond quit attempt. These 138 participants were included in the present analysis. Participants
(n=138) were, on average (z standard deviation), 29.7 + 6.5 years of age, 81.2% white, and
30.7% had a high school education or less. They smoked an average of 16.1 + 4.8 cigarettes
per day and had an average FTND score of 3.9 + 1.9. Seventy-five (54.4%) of the 138
participants, were initially randomized to quit smoking during the F phase and 63 (45.7%) were
randomized to quit during the L phase. Demographics and smoking behaviors of the self-
selected second quit date groups were not significantly different (Table 1).

Among those who were excluded from the data analysis, 31.3% (20/64) were excluded because
they remained abstinent after their first quit attempt and 68.8% (44/64) were excluded because
they continued daily smoking during the follow-up period.

3.2. Effect of Menstrual Phase on Self-Selected Quit Date and Subsequent Relapse

Significantly more participants self-selected a second quit date in the F phase (59.4%, 82/138)
than during the L phase (40.6%, 56/138; exact 2-sided binomial test for equal proportions, p-
value = 0.033). The majority of participants (86.2%; 119/138) relapsed after their second quit
attempt. Of those who relapsed, most relapsed during the same phase in which they made a
quit attempt (65.9%; 91/138). However, overall participants were significantly more likely to
relapse during the F phase than the L phase, (71 vs. 48, respectively, exact 2-sided binomial
test for equal proportions, p-value = 0.043) regardless of the phase they self-selected for a
second quit date (Table 2).

Those who self-selected a second quit date in the L phase experienced a significantly longer
time to relapse than those who chose the F phase (Hazard Ratio = 1.599, p-value=0.014). The
median time to relapse for those who self-selected the F phase and L phase for a second quit
date was 2 days (95% Confidence Interval = 1-3) and 3 days (95% Confidence Interval = 2—
5), respectively (Figure 1). Cox’s regression analysis resulted in two significant baseline
covariates: age (Hazard Ratio= 0.970, p-value=0.031) and time (days) to first relapse (Hazard
Ratio=0.989, p-value=0.058). Adjusting the model for these two covariates yielded similar
results (Hazard Ratio = 1.657, p-value=0.0092) to the unadjusted model.

Menstrual phase of second relapse was significantly associated with phase of self-selected
second quit date (Odds Ratio = 9.9; p-value <0.0001; Table 2). Adjusting for time from second
self-selected quit date to second relapse did not alter the results. Time to second relapse did
not significantly predict the menstrual phase of second relapse (p-value = 0.740).

4. Discussion

The results indicate that self-selected quit dates in the follicular phase are associated with a
shorter time to relapse as compared to self-selected quit dates in the luteal phase. Our results
also indicate that women are more likely to self-select a quit attempt during the follicular phase
compared to the luteal phase. Further, the majority of women relapsed within the phase of their
self-selected quit attempt but overall women were more likely to relapse to smoking during
the follicular phase compared to the luteal phase. In sum, the follicular phase appears to be
associated with poorer smoking cessation outcomes in this study sample.

The influence of repeat quit patterns versus effect of ovarian hormones on self-selected second
quit date and subsequent relapse is difficult to differentiate. However, it is of note that phase
of relapse of second self-selected quit is consistent with our previous publication (Allen et al,
2008) on phase of relapse for randomized first quit. That is, relapse was greatest during the

follicular phase compared to the luteal phase whether women were randomized to a quit phase
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or self-selected a quit phase. In our previous publication we discussed that the higher risk for
relapse observed in the follicular phase was possibly related to ovarian hormone influence
(Allen et al, 2008). For example, estrogen may enhance subjective mood response to nicotine,
the effect of progesterone may attenuate the physiological and subjective effects of nicotine
(Sofuoglu et al, 2001), there may be possible alteration of ovarian hormones on nicotine
metabolism (Benowitz et al, 2006), or there may be a combination of these factors in play.
Although the clinical significance of these observed cycle phase differences remains unknown,
the results do suggest that ovarian hormones may play a role.

Our results are in contrast to recent studies of smoking cessation and menstrual phase that have
used pharmacotherapy. Franklin et al (2008) conducted a retrospective analysis of women on
nicotine replacement and found that relapse occurred more frequently when they quit in the
luteal phase as compared to the follicular phase. Similarly, Carpenter et al (2008) conducted a
small prospective study of women on nicotine replacement. When measuring point prevalence
abstinence two weeks after quit date, they observed that abstinence rates were higher in the
follicular group compared to the luteal group. It is possible that the nicotine patch has a
moderating influence on the menstrual phase effects. For instance, amelioration of withdrawal
symptoms may result in less slips and therefore less reinforcement of smoking during the
estrogen dominant follicular phase, whereas in the luteal phase the premenstrual symptoms
albeitameliorated by the nicotine patch (Allen etal, 2000) still may resultin more slips resulting
in relapse. Or perhaps increased estrogen leads to a more positive response to NRT. Future
studies are needed to address the mechanism of these effects.

Our study showed that 75.8% of study participants who relapsed from their initial quit attempt
made a second quit attempt approximately four days after their first relapse, on average. Prior
studies show despite the fact that 65 to 95% of quit attempts end in failure (Pierce & Gilpin,
2003; Yudkin et al, 2003), large numbers of smokers are interested in quitting again. One study
showed that 65% want to make a repeat quit attempt within 30 days consistent across
sociodemographic subgroups (Fu et al, 2006). Another study (Joseph et al, 2004) found in a
survey of relapsed smokers, that 98% expressed interest in quitting and 50% were ready to quit
immediately. Despite this high interest in quitting, it is notable that 86.2% of study participants
relapsed to smoking after their second quit attempt. Research indicates that lapse to smoking
is a significant predictor of eventual relapse (Kenford et al, 1994). Relapse after second quit
attempt was, on average, no greater than three days. Studies (Hughes et al, 2004) show that
most relapse occurs early and the majority of smokers relapse within eight days.

The strengths of this study include its prospective nature and building on the initial quit attempt
results (Allen, et al 2008) by evaluating the second self-selected quit attempts and relapse with
regard to the menstrual cycle. This study also has some limitations. First, smoking status,
although confirmed biochemically at clinic visits, was based on self-report and may be
misreported on days study participants did not attend clinic visits. Second, we had a relatively
large number of women who prematurely withdrawal from the study. Those who prematurely
withdrew from the study showed signs of greater nicotine dependence. It is unknown how the
level of nicotine dependence may influence the impact of menstrual phase on smoking
outcomes. Furthermore, it is difficult to differentiate between phase effect and the function of
time in the quit-relapse process. Thus our ability to make inferences regarding the causality of
the menstrual cycle on our observed quit-relapse patterns is limited. More research is needed
to define the quit-relapse patterns, and the influence of ovarian hormones,

In conclusion, our results suggest that the patterns of second self-selected quit attempts and
relapse may be influenced by the menstrual cycle. This confirms our earlier work indicating
women who quit in the follicular phase had less favorable outcomes. More research is needed
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to investigate how this relationship may be altered during smoking cessation attempts assisted
by pharmacotherapy.
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Time to event curves using ‘one puff’ (continuous abstinence)
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Table 1

Demographics & Smoking Behavior by Self-Selected Quit Phase Group

All (n=138) Self-Selected F Phase (n=82) Self-Selected L Phase (n=56) p-value
Demographics
Age (years) 29.7+6.5 294+6.4 30.1+6.8 0.537
<12 years of Education 42 (30.7%) 25 (30.5%) 17 (30.9%) 1_000T
Smoking Behavior
CPD 16.1+4.8 16.1+4.7 16.0+4.9 0.873
Age Started (years) 16.8+3.8 16.5+3.6 17.1+4.1 0.391
Years of Smoking 129+6.6 12.9+6.2 13.0+7.2 0.894
Number of Previous Quit Attempts 29+23 29+23 29+22 0.911
(median = 2) (median = 2) (median = 2)
Longest Previous Quit (Days) 185.2 + 329.8 185.9 +281.3 184.2 +394.2 0.978
(median = 30) (median = 30) (median = 28)
FTND Score 39+19 41+19 3719 0.237

*
Statistics reported as mean + standard deviation and a two-sided p-value from a t-test unless otherwise noted.

TP-vaIue from Fisher’s Exact Test
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Table 2
Phase of Self-Selected Quit Date by Phase of Relapse (n=138)

Page 10

Phase of Self-Selected Quit Date

Phase of Relapse Follicular (n=82) Luteal (n=56) Total (n=138)
Follicular 57 (70%) 14 (25%) 71 (51%)
Luteal 14 (17%) 34 (61%) 48 (35%)
Never Relapsed 11 (13%) 8 (14%) 19 (14%)

Fisher’s Exact Test, p-value < 0.001, OR = 9.9, 95% Confidence Limits = 4.2-23.2
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