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Abstract

Research indicates stress, craving and menstrual phase may play a role in relapse to smoking. It
remains unknown how these factors may interact during cessation. This study describes the
relationship between craving and cortisol concentrations by menstrual phase during ad libitum
smoking and investigates the impact of this relationship on time to relapse. Five assessments of
cortisol concentrations and craving levels were collected the day before smoking cessation in
female smokers (n=38) during either the follicular (h=21; F) or luteal (n=17; L) phase. Craving at
wake-up was significantly greater in the F phase than the L phase (2.5+1.9 vs. 1.1+1.4; p=0.018;
respectively). Decreased levels of morning cortisol concentrations and a greater decline from
morning to the nadir levels in cortisol were associated with increased craving at bedtime in the L
(r=-0.68, p=0.002; r=—0.67, p=0.003; respectively), but not in the F phase. Craving at wake-up
was a significant predictor of time to relapse (p=0.008). Our results indicate that menstrual phase
may play a role in the relationship among craving, cortisol concentrations, and risk for relapse.
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1.0 Introduction

Gender disparities have been identified in smoking behavior, such that women experience
greater nicotine dependence and have a more difficult time quitting smoking compared to
men (Perkins, 2001). Studies of tobacco abstinence on bio-behavioral systems and stress
response to account for this gender difference are growing.

Although stress response studies have focused on both the autonomic nervous system
response and the hypothalamic-pituitary-adrenal axis (HPAA), sex differences of the HPAA
response has been more systematically studied. The stress response is dependent on the
stressor used (al’Absi, Lovallo, McKey, & Pincomb, 1994; al’Absi & Lovallo, 1993)
responses of both systems show marked and consistent differences according to sex, and
hormonal changes in women (i.e. menstrual cycle, preghancy, and menopause). Adult
women between puberty and menopause usually show lower HPAA and autonomic
responses than men of the same age. Enhanced HPAA responsiveness has been observed in
the luteal phase of the menstrual cycle (Tersman, Collins & Eneroth, 1991; Kirshbaun,
Kudiekla, Gaab, Schoomer & Hellhammer, 1999; Rohleder, Schommer, Helhammer, Engle
& Kirschbaum, 2001, Wolf, Schommer, Hellhammer, McEwen, & Kirschbaum, 2001).
Findings in menopausal women and those on hormone therapy show the HPAA response to
be more inconsistent (Lindheim, Legro, Berstein, et al 1992; Seeman, Singer, Wilkinson &
McEwen, 2001, Kudielka, Buske-Kirschbaum, Hellhammer & Kirschbaum, 2004). Taken
together this body of literature suggests that sex hormones may play a role in the HPAA in
women.

With regard to stress response in smoking cessation, cortisol, a physiological measure of
stress released by the HPAA, has been shown to vary by sex and smoking status. Female
smokers have been shown to have blunted cortisol response to stress when compared to both
non-smoking women and men of smoking and non-smoking status (Back, Waldrop, Saladin,
et al 2008). Research also suggests that in women the HPAA is more sensitive to the effects
of chronic nicotine use (Back et al, 2008). Variance in cortisol levels in response to stress,
have been linked to early smoking relapse (al’ Absi, Hatsukami, & Davis 2005; Rasmusson,
Wu, Paliwal, Anderson & Krishnan-Sarin, 2006). There appears to be a significant decrease
in cortisol levels immediately after a quit attempt that is associated with withdrawal
symptoms, stress and smoking urges (Ussher, West, Evans, et al, 2006). Differences in the
initial cortisol drop may be more pronounced for women compared to men, but the current
research yields mixed results on these findings (al’ Absi, Hatsukami, Davis & Wittmers,
2004; Ussher et al, 2006). Changes in cortisol were found to be linked with both smoking
relapse and changes in depressive symptoms in women, but showed no correlation to
depressive symptoms in men (Rasmusson et al, 2006). Further, in women, changes in
estrogen modulate changes in cortisol and memory (Andreano, Arjomandi, & Cahill 2008).
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Current cortisol and smoking cessation research suggests there may be a link to sex
hormones but this has not been fully explored (Back et al, 2008; Rasmusson et al 2006) If
cortisol is a predictor of relapse and the menstrual cycle modulates cortisol levels, then
specific timing of quit attempts by phase may improve outcomes. Under ad libitum smoking
conditions, the current study aims are to investigate menstrual phase differences in (1)
diurnal patterns in craving, (2) diurnal patterns in cortisol concentrations, (3) the relationship
between craving and cortisol concentrations, and (4) the impact of craving and cortisol
concentrations on time to relapse. We hypothesized that cortisol levels will be higher during
the luteal phase, that the diurnal pattern will show the expected nadir low and that higher
cortisol levels in luteal phase will correlate negatively with prediction of relapse.

2.0. Methods

2.1. Participants

Female smokers were recruited to participate in a randomized smoking cessation trial
(Allen, Allen & Pomerleau, 2009; Allen, Bade, Center Finstand & Hatsukami, 2008) from
the community via posted flyers, local papers, radio, and television advertisements. To be
eligible the women had to: be between the ages of 18-40, be motivated to quit smoking (as
indicated through a self-reported 7 or higher on a 10-point Likert-type scale), smoke =10
cigarettes per day for at least the past year, have regular menstrual cycles (between 24-36
day cycles), not be taking any hormonal contraception or psychotropic medications, and not
using any other forms of tobacco. Eligibility was assessed by a phone screen and a clinic
visit. The University of Minnesota’s Investigational Review Board approved this study.

2.2. Protocol

During the screening visit the participants completed the Fagerstrom Test of Nicotine
Dependence (FTND; Heatherton, Kozlowski, Frecker & Fagerstrom, 1991), provided
demographic information and received a randomly assigned quit date in either the F or L
phase of the menstrual cycle. Participants completed weekly/biweekly clinic visits during
the first month after their assigned quit date. During the clinic visits, participants also
received smoking cessation behavioral counseling (for details regarding this intervention see
Allen, et al 2008). No other cessation treatment was used. Smoking status was evaluated at
each visit by Carbon Monoxide Breathlyzer (CO < 5ppm indicating abstinence). Daily
smoking and menstrual cycle diaries, as well as measures of premenstrual symptoms,
withdrawal and smoking urges were completed (data not shown).

2.3 Independent Measures

Menstrual Phase—Menstrual phase was determined using menstrual calendars and urine
Luteininzing Hormone (LH) peaks as previously validated by the study authors (Allen,
Hatsukami, Christianson, & Nelson, 1996; Allen, Hatsukami, Christianson, & Brown,
2000).

2.4 Dependent Measures

Cortisol—Approximately one week prior to their assigned quit date participants attended a
baseline visit and were provided with materials and instruction for saliva sample collection.
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Cortisol samples were obtained on the day before their quit date, through self-administered
Salviettes™ (saliva sample swabs) outside of the clinic at five designated times throughout
the day. The subject produced approximately two mL of saliva by placing a cotton swab in
their month then depositing it in a plastic tube. The times of collection were as follows:
immediately after waking, 60 minutes after waking, 10:00 am, 8:00 pm and at bedtime (see
Figure 1). These times were chosen to create a clear diurnal pattern of the cortisol and
HPAA activity from the typical highest levels before waking and the nadir levels around
8pm. All samples were stored at —20°C until transferred for analysis. Salivary cortisol
assays were conducted in duplicate using a time-resolved immunoassay with fluorometric
end point detection. The assay has a minimum sensitivity of 0.4 nmol/L (Dressendorfer,
Kirschbaum, Rohde, Stahl & Strasburger, 1992). Cortisol assays were conducted at the
University of Dusseldorf (Germany).

Craving—Each time a cortisol sample was collected, participants assessed their level of
craving (al’Absi, Lovallo, McKey, et al 1998; al’ Absi Wittmers, Erickson, Hatsukami &
Crouse, 2003), with the following item: “rate the degree to which desire to smoke applies to
how you felt during the last 30 minutes.” The rating was completed on a likert-type scale
ranging from O (‘not at all’) to 7 (“very strong’).

Relapse—Time to relapse (defined as a puff or more from a lit cigarette) was determined
retrospectively using daily smoking diaries, Time Line FollowBack (TLFB; Sobell &
Sobell, 1991; Sobell & Sobell, 1996) and verified at each clinic visit with Carbon Monoxide
breath analyzer (CO < 5ppm indicating abstinence).

2.3. Statistical Analysis

The difference between nadir and wake-up in cortisol concentration was computed by
subtracting the cortisol value at 8:00 pm from the cortisol value at wake-up. Descriptive
statistics were computed to describe demographics, smoking behavior, craving and cortisol
concentrations. Demographic and smoking behavior differences by randomization group
were assessed by t-tests and chi-square tests. Craving and cortisol concentrations were
compared between the randomization groups by conducting independent t-tests. Craving and
cortisol concentrations were further compared by computing Pearson correlations and Fisher
z-Transformation by menstrual cycle phase and repeated measures ANOVAs controlling for
FTND score. A multiple regression model, controlling for FTND score, used all five cortisol
concentrations, all five craving items and menstrual phase to predict days to relapse. All
analyses were completed using SAS 9.1.

3.0 Results

3.1. Demographics & Smoking Behavior

A total of 38 participants were enrolled into the study, 21 were randomized to F phase and
17 to L phase. Participants were, on average, 29.80 (Standard Deviation [S.D.] + 6.40) years
old with an average of 13.92 (S.D. + 1.71) years of education. They smoked a mean of 14.61
(S.D. = 4.00) cigarettes per day with an average FTND score of 3.53 (S.D. £ 1.83).
Participants who were randomized to the F phase had significantly higher FTND scores
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compared to those randomized to the L phase (4.33£1.62 vs. + 2.53£1.59, respectively; p-
value=0.002). There were no other statistically significant differences between the
randomization groups in terms of demographics or smoking behavior (Table 1).

3.2. Diurnal Pattern of Craving by Menstrual Phase

Craving ranged from a low of 1.86 (S.D. = 1.80) at wake-up to a high of 3.68 (S.D. + 1.45)
at 8:00 p.m. Those in the F phase reported significantly higher craving levels at wake-up
compared to participants in the L phase (2.48+1.89 vs. 1.12+1.41, respectively; p-
value=0.018). This significant relationship was reduced to a trend (F-value=3.90, p-
value=0.056) when FTND score was controlled for. There were no other significant
differences in craving by phase (Table 2).

3.3. Diurnal Pattern of Cortisol Concentrations by Menstrual Phase

Cortisol concentrations ranged from 10.98 (S.D. £6.23) nmol/L at wake-up to 2.19 (S.D.

+1.71) nmol/L at the nadir level (8:00 pm). Cortisol concentrations were not significantly
different by menstrual phase at any time point during the day (Table 2). This finding was
confirmed in an analysis controlling for FTND score, which also indicated no significant

differences in cortisol concentrations by phase (data not shown).

3.4. Correlation between Craving and Cortisol Concentration by Menstrual Phase

Increased craving at night was associated with greater cortisol concentrations at wake-up
and greater decline from morning to the nadir levels in cortisol concentrations (r=—0.450, p-
value=0.005; r=—-0.481, p-value=0.002; respectively). When this association was
investigated by menstrual phase, these findings were only significant in the L phase (r=
-0.680, p-value=0.003; r=—0.674, p-value=0.003; respectively) and not in the F phase (r=
-0.151, p-value=0.513, r=-0.280, p-value=0.219). There were no other significant
correlations between craving and cortisol concentrations (data not shown).

3.5. Predictability of Craving, Cortisol Concentrations and Menstrual Phase on Time to
Relapse

After controlling for FTND score, craving at wake-up was a significant predictor of time to
relapse (p=0.008). There were no other significant predictors based on craving, cortisol
concentrations or menstrual phase (data not shown).

4.0 Discussion

The results of this study indicate there may be a relationship between cortisol
concentrations, craving, menstrual cycle phase and smoking cessation outcomes. While we
did not observe any significant differences in cortisol concentrations by menstrual phase, we
observed significantly higher levels of craving at wake up among women in the follicular
phase as compared to women in the luteal phase. Craving at night was negatively correlated
to both the morning and the diurnal pattern of cortisol concentrations. This relationship was
significant in the luteal phase, but not the follicular phase. Finally, craving at wake-up
significantly predicted time to relapse regardless of baseline level of dependence, cortisol
concentrations and menstrual cycle phase. In addition our findings confirm expected diurnal
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cortisol fluctuations (Bailey & Heitkemper, 1991; Weitzman, Fukushima, Nogerire,
Roffwarg, Gallagher, & Hellman, 1971).

These observations are particularly interesting in light of our recent findings in a randomized
clinical smoking cessation trial (Allen et al, 2008b), which indicated that the luteal phase
was associated with a more favorable smoking cessation outcome. While the mechanism for
this observation remains unknown, we theorize that the results may be a function of an
influence of ovarian hormones on subjective mood response or physiological and subjective
effects of nicotine (or both). In contrast, retrospective clinical trials (Carpenter, Saladin,
Leinbach, Larowe & Upadhyaya, 2008; Franklin, Napier, Ehrman, Hariti, O’Brien &
Childress, 20041) using pharmacotherapy found that women quitting in the follicular phase
had more favorable outcomes. Further, recent research by Benowitz and colleagues (2006)
indicated that women using combination birth control pills metabolized nicotine faster than
both women using progesterone-only pills and men; suggesting that higher levels of
estrogen may be associated with an increase in nicotine metabolism. These results taken
together, however, suggest that ovarian hormones play a role in smoking cessation outcomes
for women and need to be considered in treatment programs and clinical trials.

We also found that decreased levels of morning cortisol concentrations and a greater decline
from morning to the nadir levels in cortisol were associated with increased craving. These
results are consistent with previously reported findings indicating that the dysregulated
HPAA activity in smokers is associated with enhanced withdrawal symptoms and risk for
smoking relapse (Frederick, Reus, Ginsberg, et al, 1998; al’ Absi, Amunrud, & Wittmers,
2002; al’Absi, 2006). It is possible that nicotine’s actions on the HPAA contribute to the
reinforcing properties of smoking and enhance the benefits smokers draw from nicotine, and
therefore reduced cortisol levels may be associated with increased craving. Specific
mechanisms mediating these properties remain to be investigated. For example, it is possible
that cortisol moderates functions of neuropeptides that mediate nicotine’s effects (Koob &
Le Moal, 1997). Nevertheless, these findings suggest that craving may be increased by
declined cortisol levels, although these findings need to be replicated in larger studies.

This study is among the first to prospectively investigate multiple risk factors of smoking
relapse among female smokers with specific regard to the menstrual cycle. This study had a
number of limitations including a relatively small, homogeneous sample size which may
limiting the generalizability of our results and might account for the discrepant findings
between our previous publication (Allen et al, 2008) and this study regarding the
predictability of menstrual phase on time to relapse. Participants completed the cortisol
saliva samples and craving item on their own time; thus, it may be possible that data was not
collected as instructed. In addition, we are unable to comment on the potentially causal
relationship between estrogen/progresterone and smoking cessation outcomes, as we did not
measure hormone levels in this study.

In conclusion, the present study suggests there may be a complex relationship between
menstrual cycle, craving and cortisol levels; and the possible impact of these items on
smoking cessation outcomes. Future work is needed in larger studies to further define this
relationship.
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Day Before Quit Day
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Demographics & Smoking Behavior by Randomization Group (Mean * Standard Deviation)

Table 1

All (n=38) F Phase (n=21) L Phase (n=17)

Demographics

Age (years) 20.80+6.40  28.76+6.37 31.06+6.39

Education (years) 13.92+1.71 13.76+1.79 14.12+1.65
Smoking Behavior

CPD 14.61+4.00 14.81+4.00 14.35+4.12

Age Started (years) 16.58+2.52 16.10+1.81 17.18+3.15

FTND Score 3.53+1.83 4.33+1.62 2.53+1.59
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Craving and Cortisol Concentration by Menstrual Phase (Mean + Standard Deviation)

Table 2

All (n=38) F Phase (n=21) L Phase (n=17)
Craving f
Wake-up 1.86+1.80 2.48+1.89 1.12+1.41
One hour after wake-up 2.82+1.57 3.19+1.66 2.35+1.37
10:00 am 3.32+1.69 3.14+1.82 3.53£1.55
8:00 pm 3.68+1.45 3.80+1.40 3.53£1.55
Bed time 3.45+2.00 3.33£1.93 3.59+2.12
Cortisol Concentration ™
Wake-up 10.98+6.23 11.13+5.00 10.81+7.65
One hour after wake-up 10.0045.91 9.93+6.32 10.08+6.60
10:00 am 5.59+3.52 4.87+2.17 6.47+4.62
8:00 pm (Nadir) 2.19+1.71 2.37£2.01 1.95+1.27
Bed time 3.15+3.83 3.09+4.67 3.23+2.59
Difference between Nadir and Wake-up ~ 12.06+5.84 8.75+5.83 8.85+7.33

+

*

Using a 8-point Likert Type Scale (range 0-7)

Reported in nanomol/Liter
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