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Abstract 

Background:  Allopregnanolone (ALLO) is a neuroactive steroid metabolized from 

progesterone and, therefore, varies by menstrual phase in premenopausal 

women.  Previously published literature has shown that risk for relapse to 

smoking varies by menstrual phase.  Further, recent preclinical research 

indicates that ALLO may protect against drug abuse behaviors.  Therefore, this 

dissertation project aims to characterize ALLO by menstrual phase in women 

with and without depressive symptoms (Paper #1) and explore the effect of ALLO 

on smoking-related symptomatology (SRS; Paper #2) and nicotine response 

(NR; Paper #3) during short-term smoking abstinence. 

 

Methods: At screening, participants (n=87) were stratified by depressive 

symptoms status and, using a controlled cross-over study design, were 

randomized to testing order (i.e., follicular (F) menstrual phase followed by the 

luteal (L) phase or vice versa (L-F)).  The six-day testing week consisted of two 

days of ad libitum smoking followed by four days of biochemically verified 

smoking abstinence.  ALLO was measured twice during each testing week: 

during ad libitum smoking and on the fourth day of smoking abstinence.  

Participants completed daily forms to assess SRS during the testing week.   On 

the fourth day of smoking abstinence, participants participated in a NR lab 

session.  Growth curve and covariance pattern models, adjusted for menstrual 

phase and testing order, were used to assess the effect of ALLO on SRS and 

NR, respectively. 

 

Results:  In the first paper (n=84), a significant menstrual phase difference was 

observed in the change in ALLO level during smoking cessation.  Specifically, 

ALLO decreased by 10% in the F phase and increased by 31% in the L phase 

(p<0.01).  There were no significant differences in ALLO levels between the 

depressive symptoms groups.  In the second paper (n=64), the absolute level of 
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ALLO on the day before quit was significantly associated with the following: (1) 

perceived stress on the day before quit (β=-2.25, p<0.01), (2) the change in 

perceived stress during smoking abstinence (β=0.79, p<0.01), and (3) 

premenstrual symptoms of pain and water retention on the day before quit 

(β=1.09, p<0.01; β=1.08, p<0.01; respectively).  The change in ALLO during 

smoking abstinence was significantly associated with the following: (1) positive 

and negative affect on the day before quit (β=1.15, p<0.01; β=1.04, p=0.04; 

respectively), (2) perceived stress on the day before quit (β=-1.77, p=0.01), (3) 

the change in perceived stress during smoking cessation (β=0.17, p<0.01), and 

(4) the change in depressive symptoms on the day of quit (β=-1.52, p=0.02).  

Finally, in the third paper (n=77), ALLO had a significant, positive association 

with the following variables prior to initiation of nicotine nasal spray: systolic 

blood pressure (β=0.85, p=0.04), diastolic blood pressure (β=1.19, p<0.01), and 

subjective levels of physical symptoms (β=0.58, p<0.01), dizziness (β =0.88, 

p<0.01), jitteriness (β=0.90, p=0.04) and pleasantness (β=2.05, p=0.041).  ALLO 

also had significant associations with changes in cognition from baseline to post 

nicotine nasal spray use: specifically, discriminability (a measure of attention; 

β=1.15, p=0.05), and bias (a measure of impulsivity; β=0.12, p=0.02). 

 

Conclusion:  ALLO varied significantly by menstrual phase and smoking status, 

and had a significant effect on several measures of SRS and NR.  While several 

of these associations were favorable (i.e., perceived stress on the day before quit 

and pleasantness on the fourth day of smoking abstinence), some were not (i.e., 

premenstrual symptoms on the day before quit and increased subjective report of 

physical symptoms on the fourth day of smoking abstinence).  Therefore, it 

remains unknown whether or not ALLO is a protective factor against drug abuse 

behaviors.  Additional research is needed to explore the role of ALLO directly on 

smoking cessation outcomes. 
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A. INTRODUCTION  

Cigarette smoking persists as the leading cause of preventable morbidity and 

mortality in the United States (CDC, 2010). Despite the many advancements in 

smoking cessation interventions, the majority of smokers, especially women, 

relapse soon after a quit attempt (Benowitz, 2009; CDC, 2010; Perkins et al 

2001; Perkins & Scott, 2008; USDHHS, 2001). Evidence continues to 

accumulate suggesting that sex hormones may influence risk for smoking 

relapse (e.g. Lynch & Sofuoglu, 2011). Recently, new efforts have begun to focus 

on the role of allopregnanolone (ALLO), which is a stress-reducing neuroactive 

steroid.  ALLO is primarily, though not exclusively, metabolized from the sex 

hormone progesterone (Backstrom et al 1986; Ottander et al, 2005). Therefore, 

the level in ALLO in women varies by menstrual phase such that it is lower in the 

follicular phase (i.e., low progesterone) and higher in the luteal phase (i.e., high 

progesterone; Genazzani et al 1998; Nyberg et al 2007).   

Within the animal literature, ALLO has been found to have protective 

effects against the drug abuse behaviors of escalation, reinstatement, and 

withdrawal; some of these associations varied by sex (Anker et al, 2008; Carroll 

& Anker, 2010). Although ALLO has been shown to be associated with a variety 

of smoking relapse risk factors (including depressive symptoms, smoking-related 

symptomatology and variables associated with nicotine response), there is 

currently a lack of clinical research on the role of ALLO in addictive behaviors. 

Therefore, the goal of this doctoral dissertation is to conduct a series of 
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secondary-data analyses to investigate the role of menstrual-timed endogenous 

levels of ALLO on these smoking relapse risk factors.   

The “Menstrual Phase and Depressive Symptoms in Acute Smoking 

Abstinence” (MPADS; 2006-2012) incorporated a controlled cross-over study 

design to collect data from women smokers with and without depressive 

symptoms during both the follicular (F; low ALLO) and luteal (L; high ALLO) 

menstrual phases. The two menstrual-timed six-day testing weeks included two 

days of ad libitum smoking followed by four days of biochemically-verified 

smoking abstinence during which participants completed daily assessment of 

smoking-related symptomatology and provided daily blood samples.  On the 

fourth day of smoking abstinence, a nicotine response lab session was 

conducted.  The following three papers, and related aims, are included in this 

dissertation project: 

1. The Role of Menstrual Phase and Depressive Symptoms Status on 

Allopregnanolone Levels during Short-Term Smoking Abstinence 

a. Aim: Determine the ALLO levels by menstrual phase during ad 

libitum smoking and smoking abstinence; Hypothesis: ALLO levels 

will be higher in the L phase than the F phase during both ad libitum 

smoking and smoking abstinence 

b. Aim: Investigate the role of depressive symptoms on ALLO levels by 

menstrual phase during short-term smoking cessation; Hypothesis: 

Regardless of menstrual phase, women who have depressive 
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symptoms will have both lower absolute levels of ALLO, as well as a 

blunted menstrual phase variation in ALLO during short-term 

smoking cessation, versus women with no depressive symptoms.   

2. Allopregnanolone and Smoking-Related Symptomatology during Short-

Term Smoking Abstinence 

a. Aim: Characterize the association between ALLO levels with 

smoking-related symptomatology during short-term smoking 

abstinence; Hypothesis: There will be associations between the 

absolute level of ALLO on the day before quit day with both the 

absolute level of smoking-related symptomatology during ad libitum 

smoking and with the change in smoking-related symptomatology 

during short-term smoking abstinence.  Further, the change of ALLO 

from the day before quit date to the fourth day of smoking abstinence 

will be significantly associated with both the absolutely level and 

change in smoking-related symptomatology.   

3. Allopregnanolone and Nicotine Response during Short-Term Smoking 

Abstinence 

a. Aim: Assess the association between ALLO and nicotine response 

during short-term smoking abstinence; Hypothesis: We will observe 

an inverse association with ALLO and cognitive measures, and a 

positive association between ALLO and cardiovascular and 

subjective measures. 
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Given that less than three percent of those who attempt to quit smoking 

remain abstinent six months later (Benowitz, 2009; CDC, 2010), there is an 

urgent need to gain a better understanding of the dynamic process involved in 

smoking relapse. This project will provide new knowledge regarding of the 

possible protective role of ALLO against smoking relapse. This paper will begin 

with an overall significance, background and invocation followed by an overall 

description of the parent study.   Then, within each paper, evidence and 

methodology specific to each paper will be presented, along with the detailed 

results and summary of findings.  Finally, a discussion of the application of these 

results to the field and future directions will conclude this paper. 

 

B.  SIGNIFICANCE, BACKGROUND & INNOVATION  

B.1. Epidemiology of Smoking.  

Currently an estimated 46 million Americans smoke, resulting in more than 

$190 billion annually for direct medical expenses and losses of productivity 

(CDC, 2010).  Among smokers, women are at increased risk of smoking-related 

morbidity and mortality including, but not limited to, myocardial infarction, 

cardiovascular disease, and lung cancer compared to their male counterparts 

(Perkins et al 2001; Prescott et al, 1998; Baron et al, 1990; Zang & Wynder, 

1996). While three out of four current smokers report wanting to quit smoking, a 

staggering 97 percent relapse within six months of a quit attempt indicating a lack 

of effective smoking cessation interventions (CDC, 2010; Benowitz, 2009).   
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B.2.Sex Differences & Smoking Behavior.   

The animal literature clearly indicates that females are more susceptible to 

drug abuse behaviors on almost all stages of dependence (Carroll & Anker, 

2010).  For instance, females increase consumption at a faster rate than males 

during the acquisition stage (Carroll & Anker, 2010) and females are more 

sensitive to the rewarding effects of drugs compared to males (Finn et al, 2010).  

Similar sex differences have been observed in clinical populations within the 

context of tobacco addiction.  Compared to men, women have lower rates of 

smoking cessation (USDHHS, 2001; Perkins, 2001), and may receive less 

benefit from smoking cessation medications (e.g. Perkins & Scott, 2008).  While 

substantial research has focused on sex differences in smoking relapse, the 

specific causal mechanisms remain unknown. One hypothesis proposed to 

explain these observations involves the role of sex hormones. 
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B.3. Sex Hormones & Smoking. 

 The relationship between sex hormones (often measured by the proxy 

menstrual phase as shown in Figure 1 from Carpenter et al, 2006) and smoking 

cessation appears to be quite complex. In general, the animal literature indicates 

estrogen is associated with an increase in self-administration of addictive drugs 

whereas progesterone is associated with a decrease (Carroll & Anker, 2010). 

However, this relationship is less clear in clinical research. For instance, some 

(but not all) of the literature indicates that menstrual phase has been shown to be 

associated with self-reported levels of craving, withdrawal symptoms, perceived 

stress and response to smoking cues (Allen et al, 2009a; Allen et al 2009b; Allen 

et al 2010; Carpenter et al, 2006; Franklin et al 2004; Gray et al 2010; Schiller et 

al, 2012).  Additionally, while the circadian rate of smoking has been shown to 

vary by menstrual phase, other data indicate that total number of cigarettes 

smoked per day does not vary by phase (Allen et al, 2009c; Carpenter et al, 

2006).  This may be related to the possible association between sex hormones 

and nicotine absorption and metabolism (Allen et al, In Press; Benowitz et al, 

2006; Hukkanen et al, 2005).  These observations, although mixed, suggest sex 

hormones influences smoking behavior.  Several studies have attempted to 

assess the impact of menstrual phase on smoking cessation outcomes, 

producing results that seem to conflict. Two of the four studies conducted used 

nicotine replacement therapy and observed better cessation rates among women 

who quit smoking in the follicular phase (Carpenter et al 2008; Franklin et al 
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2008).   

However, the other two studies, one using behavioral counseling alone 

and one using bupropion (a non-nicotine smoking cessation aid), observed better 

cessation rates among women who quit in the luteal phase (Allen et al, 2008; 

Allen et al, 2009d; Mazure et al, 2011). Based on these observations, a recent 

publication hypothesized that the timing of a quit attempt during the menstrual 

cycle may be as important as the cessation treatment provided (Franklin & Allen, 

2009).  Therefore, one possibility may be that successful smoking cessation 

efforts in women may be dependent on progesterone, and its metabolites, 

mediating the neurobiological response to nicotine.  

B.4. Allopregnanolone.  

The impact of 

progesterone on 

neurotransmission appears 

to have its most prominent 

effect via its A-ring 

metabolite allopregnanolone 

(ALLO; Paul & Purdy, 1992).   

ALLO is a neuroactive 

steroid, which means it has the capability of regulating neuronal activities, such 

as premenstrual syndrome, depression and anxiety (Zheng, 2009).  As shown in 

Figure 2, in premenopausal women ALLO levels change daily and vary by 
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menstrual phase such that women in the luteal phase of the menstrual cycle 

have significantly higher ALLO levels compared to both women in the follicular 

phase and men (Genazzani et al 1998; Nyberg et al 2007).  ALLO has been 

shown to be highly correlated to the levels of progesterone during the luteal 

phase, but not during the follicular phase (Genazzani et al, 1998). This is likely 

due to the predominate production of ALLO by the corpus luteum, with minimal 

production de novo in the brain in response to stress (Backstrom et al 1986; 

Ottander et al, 2005).   

ALLO readily crosses the blood-brain barrier, where it rapidly alters the 

central nervous system (Paul & Purdy, 1992; Purdy et al, 1991).  It then produces 

the following neurocognitive effects within minutes - changes in physiological 

stress response (Girdler et al 2001; Girdler et al, 2006), variation of negative 

mood symptoms (Andreen et al 2005), confusion (Freeman et al, 1997), level 

sedation (Girdler et al, 2001; Girdler et al, 2006; Timby et al, 2006), and poor 

concentration (Freeman et al, 1997). ALLO also appears to have an inverse 

relationship with the severity of premenstrual symptoms (Wang et al, 1996), 

these symptoms may be the result of ALLO withdrawal (Sundstrom-Poromaa, 

2008).  Research also indicates that ALLO serves as an endogenous 

homeostatic mechanism restoring both GABA and HPA function to normal after 

acute stress (Girdler et al 2007; Girdler et al 2006; Concas et al 2006).  Changes 

in ALLO are also associated with changes in dopamine release, which may be 

associated with the mood disturbances observed in premenstrual symptoms as 
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well as the development and maintenance in symptoms of depression and 

anxiety (Zheng, 2009). Overall, a recent review article noted “ALLO is one of the 

most important neurosteroids in the brain” impacting neuroendocrine axes, as 

well as stress response and cognitive functioning (Zheng, 2009).  In terms of 

drug abuse behavior, it is hypothesized that ALLO levels may mediate drug 

response via changes in GABAa and dopamine release (Zheng, 2009). 

B.5. ALLO & Drug Abuse Behavior.  

ALLO has been shown to be associated with the reduction of negative drug 

abuse behaviors in a number of animal studies (Carroll & Anker, 2010).  

Specifically, ALLO produces an inhibitory influence on escalation of cocaine self-

administration in rats (Anker et al, 2008) and a reduction of reinstatement 

behavior in cocaine-seeking female rats, but not in their male counterparts 

(Anker & Carroll, 2010).  Further, ALLO has been shown to blunt withdrawal 

effects in benzodiazepine- and morphine-addicted mice (Reddy & Kulkarni, 

1997a; Reddy & Kulkarni, 1997b). Therefore, animal literature has concluded that 

ALLO has reinforcing properties (Sinnott et al, 2002) and may be an effective 

substitute for ethanol abuse (Grant et al, 1997; Bowen et al, 1999).  

The information on ALLO in drug abuse clinical research is scarce, especially 

within samples of women. To our knowledge only two studies have been 

conducted to investigate the association between ALLO and tobacco use. While 

neither of these studies observed a significant association between subjective 

effects, such as mood and level of craving, and ALLO, they both failed to include 
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a sample of women (Childs & de Wit, 2009; Marx et al, 2006). However, two 

studies that did include women, observed a significant protective association 

between ALLO and the behavioral effects of alcohol in a non-dependent sample 

of adolescent females (Torres & Ortega, 2003) and the severity of withdrawal in 

adult women addicted to alcohol (Hill et al, 2005). Overall, these studies indicate 

that the association between ALLO and drug abuse behaviors may have a sex-

specific effect perhaps due, at least in part, to the menstrual cycle. 

B.6. Formulation of Central Hypothesis.  

A recent theory posits that nicotine withdrawal symptoms may be the result of 

a deficiency in dopamine release during attempted smoking cessation (Benowitz, 

2009). We propose an expansion of this hypothesis given that the literature 

indicates: (1) luteal phase is associated with improved smoking cessation 

outcomes in the absence of nicotine replacement therapy (Allen et al 2008; Allen 

et al 2009d; Mazure et al, 2011), (2) ALLO levels peak in the luteal phase 

(Genazzan et al, 1998), (3) increases in ALLO are associated with changes 

dopamine release (Zheng, 2009), and (4) ALLO has been shown to have 

protective effects against drugs with abuse potential (Anker et al 2008; Anker & 

Carroll, 2010; Reddy & Kulkarni, 1997a; Reddy & Kulkarni, 1997b; Sinnott et al 

2002; Grant et al 1997;  Bowen et al 1999; Torres & Ortega, 2003; Hill et al 

2005). Therefore, as displayed in Figure 3, the central hypothesis for this project 

is that ALLO will have a protective effect against the stressful experience of 

smoking cessation by decreasing withdrawal symptoms and blunting response to 
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nicotine.   

 

 

 

 

 

 

 

 

B.7. Innovation.  

In light of the observed associations between menstrual phase and smoking 

cessation rates, recommendations for more attention to the dynamic processes 

involved in smoking cessation and relapse prevention have been made 

(Shiffman, 2008). This project directly responds to that request by exploring the 

role of ALLO in smoking relapse risk factors among premenopausal women. The 

project is innovative as it will be among the first to investigate the association 

between ALLO and smoking behavior in a sample of females. Further, we will 

systematically investigate the role of ALLO levels by menstrual phase in short-

term smoking abstinence. If our expectations are confirmed, the results will be of 

considerable interest given that the exogenous treatment of ALLO in humans has 

recently been proven to be safe with minimal side effects (Timby et al 2006). 
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C. PARENT STUDY 

C.1. Overview.  

The primary objective of the “Menstrual Phase and Depressive Symptoms in 

Acute Smoking Abstinence” (MPADS) Study (funded by NIDA (DA08075-15)) is 

to investigate two factors that may affect smoking in women:  (1) the presence or 

absence of depressive symptoms and, (2) the interaction of depressive 

symptoms with menstrual phase. This study utilized a controlled cross-over study 

design and completed data collection in April, 2012. 

C.2. Study Procedures.  

       In brief, participants were recruited through mass media and internet 

advertising. Eligible participants were women between the ages of 18 and 40 

with regular menstrual cycles who reported smoking at least five cigarettes per 

day for the past year. Exclusionary items included the use of exogenous 

hormones or psychotropic medications, and recent (< 3 months) breastfeeding or 

pregnancy.  They also had to be, in the opinion of the study physician, in stable 

physical and mental health. Participants completed a phone interview and in-
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person clinic visit to determine eligibility.  After eligibility was confirmed, 

participants were stratified by depressive symptoms status (Figure 4; additional 

details on assessment of depressive symptoms can be found in Section D.2.2.) 

and randomized to testing order (i.e., F phase first then L phase, or vice versa).   

All procedures were approved by the human subjects committee at the University 

of Minnesota.  

 

After study enrollment, participants completed two six-day testing weeks. 

During the testing weeks, participants attended visits daily to complete 

questionnaires, provide biological samples and confirm smoking status (Table 1). 

The six-day testing week started on the day after the onset of menses for F 

phase and two days after luteinizing hormone surge (determined by urine 

luteinizing hormone described in Allen et al, 2008) for the L phase.  If schedule 
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conflicts occurred, the entire testing week was shifted by one day in either 

direction.  Each testing week included daily clinic visits for six consecutive days.  

On testing Days 1 and 2, participants were smoking ad libitum.  At midnight on 

testing Day 2, participants quit smoking and remained abstinent for the rest of the 

testing week.  Smoking abstinence was confirmed via carbon monoxide 

breathalyzer (<5 ppm), salivary cotinine (<15 ng/mL), and serum nicotine (< 2 

ng/ml; Jarvis et al, 

1987; Benowitz et 

al, 2008).   

On Day 6, 

participants 

completed a 

nicotine exposure 

session which 

included a nicotine challenge via nicotine nasal spray and a timed series of 

cardiovascular, cognitive and subjective responses (Figure 5). Upon completion 

of the first testing week, participants resumed ad libitum smoking for an 

approximate six weeks wash-out period (depending on menstrual cycle length), 

then repeated the identical testing procedures in the alternate menstrual phase.   

C.3. ALLO Assays.  

Up to a total of four serum samples per participant were analyzed for ALLO.  

Specifically, samples from Day 2 (ad libitum smoking) and Day 6 (fourth day of 
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smoking abstinence) were included.  A total of 296 serum samples were sent for 

ALLO analysis.  One of the samples was not analyzed due to an insufficient 

volume.  Serum samples analysis was completed by Dr. Richard Hauger’s Brain 

Receptor Signaling Lab at The University of California, San Diego. Samples were 

shipped overnight on dry ice via FedEx.  Analyses were completed using 

radioimmunoassays methods in batches as previously described (Purdy et al, 

1990) and as was recently completed in a similar project (Childs & de Wit, 2009). 

Using these methods, intra- and inter-assay coefficient of variations were 

approximately 5% and 8%, respectively.  Sensitivity is about 200 pg/ml, with a 

standard range of 0.2 to 50.0 ng/ml (Alan Turken, personal communication, 

5/31/12). 

C.4. Subsample Selection. 

 To fully capitalize on the cross-over study design, participants had to have 

at least two corresponding blood samples available to be analyzed for ALLO (i.e., 

two Day 2 samples and/or two Day 6 samples, or a Day 2 and Day 6 sample 

from the same testing week) to be included in this dissertation.  Therefore, of the 

total 121 study participants completed the parent study, 27 (79%) were excluded 

from the present study due to a lack of blood samples available.  An additional 

seven participants were excluded due to an inability to remain abstinent during 

the testing week (n=4; 12%), and having progesterone and estradiol hormone 

levels inconsistent with menstrual phase of testing (n=3; 9%).  As shown in 

Figure 4, this resulted in a total sample size of 87, including 36 (41%) in the no 



 

 16 

depressive symptoms group and 51 (59%) in the depressive symptoms group. 

Overall, 39 (45%) were randomized to complete the testing weeks in order of F 

then L and 48 (55%) were randomized to complete testing in the L then F.   Of 

the 87 participants, 70 (80%) had ALLO values for Day 2 (ad libitum smoking) for 

both testing weeks and 77 (89%) had ALLO values for Day 6 (fourth day of 

smoking abstinence) for both testing weeks.  

Power was calculated based on Paper #2, which was the limiting paper.  

Effect sizes were based on data from a previous research study with a similar 

study sample.  Specifically, effect sizes of self-reported withdrawal of 10.35 (S.E. 

0.53) and 11.61 (S.E. 0.54) during the F and L menstrual phases, respectively 

(Allen et al, 2010) were used. Given the cross-over study design, a conservative 

estimate of a within subject correlation of 0.40 for outcome variables was used. 

With a fairly modest sample size (n=62), the cross-over study design is very 

powerful as each participant is compared to herself. Therefore, using a two-sided 

test with an alpha level of 0.05, a sample size of 62 participants would result in a 

power of greater than 99% to detect differences in symptoms (i.e., withdrawal) by 

menstrual phase (SAS Version 9.2).  Given this high level of power, interpretation 

of study results should be done with caution as the public health and/or clinical 

significance is not known (Oakes, 2012). 
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D.  PAPER #1:  THE ROLE OF MENSTRUAL PHASE AND DEPRESSIVE 

SYMPTOMS STATUS ON ALLOPREGNANOLONE LEVELS DURING SHORT-

TERM SMOKING CESSATION 

D.1. Overview 

Introduction: Women with depressive symptoms (DS) are at high risk for 

smoking relapse.  Allopregnanolone (ALLO), a neuroactive steroid that varies by 

menstrual phase and DS, can be protective against stress.  Therefore, the 

purpose of this paper is to explore changes in ALLO by menstrual phase during 

short-term smoking cessation among women with and without DS. 

Methods: At screening, study participants (n=84) were classified as either 

having DS (n=48) or not (NDS; n=36) via the Composite International Diagnostic 

Interview and Patient Health Questionnaire-9.  Then, participants were randomly 

assigned an order to complete two testing weeks in the follicular (F, i.e., low 

ALLO) and luteal (L, i.e., high ALLO) menstrual phases. In each menstrual 

phase, blood samples were collected during ad libitum smoking and on the fourth 

day of biochemically verified smoking abstinence.   

Results:  Participants were, on average, 30.1 ± 6.7 years old.  Most (57%) 

were White and had achieved more than a high school education (68%).  ALLO 

levels were significantly higher in the L phase than the F phase, regardless of 

smoking status (p<0.001).  ALLO significantly decreased by 10% in the F phase 

(p=0.0047) and significantly increased by 31% in the L phase (p<0.0001).  There 

were no significant differences in ALLO levels by DS group. 
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Conclusion:  ALLO levels varied by menstrual phase and smoking status 

in premenopausal women, but not by DS.  It may be possible that the increase in 

ALLO during short-term cessation in the L phase may be one of the factors 

protecting against relapse whereas a decrease in ALLO, as observed in the F 

phase, may increase risk for relapse. Additional research is needed explore this 

theory. 

D.2. Background & Significance.   

The relationship between depression and smoking is complex and 

bidirectional.  Those with depressive symptoms are predisposed to smoking 

initiation (Glassman et al, 2001).  Once they become smokers, they are more 

likely to experience depressive symptoms during attempted cessation and also 

more likely to relapse to smoking after a quit attempt (Glassman et al, 2001).  

Unfortunately, women are at increased risk to experience both depressive 

symptoms and smoking relapse (Perkins, 2001).  Further, the effect of 

depressive symptoms on smoking behavior is stronger in women than in men 

(Borrelli et al, 1996; Husky et al, 2008; Pratt & Brody, 2010).   

ALLO is a neurosteroid (steroid that is synthesized in the central and 

peripheral nervous system) that has profound effects on mood (Birzniece et al, 

2006).  The dysregulation of ALLO has been implicated in a number of 

psychiatric conditions, particularly mood disorders (Girdler & Klatzkin, 2007).  For 

example, compared to normal controls, women with either a history of or current 

major depressive disorder (MDD) had lower levels of both naturally occurring 
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endogenous ALLO, as well as lower ALLO produced following administration of 

exogenous progesterone (Girdler & Klatskin, 2007; Strohle et al 2000; Klatskin et 

al, 2006). Increases in ALLO levels after successful treatment of MDD via SSRIs 

have been observed (Birzniece et al, 2006).   The same positive relationship may 

exist between ALLO and depressive symptoms as higher ALLO levels were 

associated with an improved sense of well-being in premenopausal women and 

less depressive illness during the postpartum period (Wang et al, 1996; Nappi et 

al, 2001).  Additional evidence comes from the preclinical literature, where 

models of depression (such as social isolation) have been shown to reduce 

ALLO levels (Porcu, 2003; Roselli et al 2011).  However, Andreen and 

colleagues (2006) concluded that the association between ALLO and negative 

mood symptoms is not a linear relationship; rather, they suggest it is a U-shape 

curve between ALLO and negative mood.  Specifically, in postmenopausal 

women treated with exogenous progesterone, ALLO levels in the ‘mid-range’ 

(0.57-0.76 ng/mL or 1.5-2.0 nmol/L) had the highest negative mood scores, 

whereas women with lower (<0.57 ng/mL or <1.5 nmol/L) and higher (>0.76 

ng/mL or >2.0 nmol/L) ALLO levels had lower levels of negative mood.   Overall, 

these data suggest depressive symptoms and ALLO may have either a linear 

relationship (i.e., higher ALLO, lower depressive symptoms) or there may be an 

ideal therapeutic range - either way, it is clear that ALLO and depressive 

symptoms are related. 
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ALLO varies dramatically by menstrual phase (Genazzani et al, 1998) and 

may be protective against drug abuse behaviors (Carroll & Anker, 2010).  

Further, women who have depressive symptoms may have an inability to recover 

from the stressful experience of smoking cessation due to an inappropriate ALLO 

response (Klatskin et al, 2006).  Therefore, there is a need to better understand 

the fluctuation of ALLO by menstrual phase during smoking cessation in 

premenopausal women within the context of depressive symptoms.  

Consequently, utilizing a controlled cross-over study design with a sample of 

women with and without depressive symptoms, this paper aims to: (1) determine 

the ALLO levels by menstrual phase during ad libitum smoking and smoking 

abstinence, and (2) investigate the role of depressive symptoms on ALLO levels 

by menstrual phase during short-term smoking abstinence.  We hypothesized 

that ALLO levels will be higher in the luteal phase during both ad libitum smoking 

and smoking abstinence.  Further, regardless of menstrual phase, women who 

have depressive symptoms will have both lower absolute levels of ALLO, as well 

as a blunted menstrual phase variation in ALLO during short-term smoking 

abstinence, versus women with no depressive symptoms.   

D.3. Methods 

D.3.1. Study Participants.  Of the 87 participants selected for inclusion in 

this project, 84 were included in this paper.  Three were excluded from the 

analyses given they did not complete the full depressive symptoms assessment 
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(specifically the Patient Health Questionnaire - 9 was not completed by three 

participants as it was included in the study after the study was initiated).   

D.2.2. Measures – Depressive Symptoms Status.  As noted above in 

Section C.2., upon confirmation of study eligibility, participants were stratified into 

one of two groups – depressive symptoms (DS) and no depressive symptoms 

(NDS).  Using the Composite International Diagnostic Interview (CIDI) Computer 

Assisted Interview (Wittchen et al 1991) to assess the DSM-IV criteria (APA, 

1994) and the Patient Health Questionnaire-9 (PHQ9;  Kroenke et al, 2001), the 

DS group was defined as meeting at least one of the following criteria (Table 2): 

(1) lifetime presence of depressed mood or loss of interest/pleasure for at least 

14 consecutive days, (2) lifetime presence of four or more DSM-IV behavioral 

symptoms, 

and/or (3) a 

score of five or 

greater on the 

PHQ9.  Those 

who met 

criteria for 

Premenstrual 

Dysphoric 

Disorder 

(PMDD) or MDD (i.e., criteria one and two above) within the last six months were 
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excluded and referred for treatment.  The NDS group was defined as not meeting 

any of the criteria for the DS group.  After stratification, participants were 

randomized to begin testing in the follicular phase followed by testing in the luteal 

(F-L) phase or vice versa (L-F).  

D.3.3. Measures – ALLO.  All four ALLO blood samples were used in this 

paper.  These samples were collected on Day 2 (ad libitum smoking) and Day 6 

(fourth day of smoking abstinence) during each testing week.   The analysis of 

these samples is described above in Section C.3.  

D.2.4. Statistical Analysis.  Descriptive statistics were calculated for 

demographics and smoking behavior variables including mean and standard 

deviation for continuous variables, and percent for categorical variables.  Log 

transformation was considered for some variables when distribution was non-

normal.  Differences by depressive symptoms groups in demographic and 

smoking behavior variables were assessed by t-tests and Chi-square tests.  

Paired t-tests were used to compare differences in ALLO levels by phase and 

smoking status.  Multiple regression models were used to assess differences in 

absolute levels of ALLO during ad libitum smoking and smoking abstinence by 

menstrual phase.   A random coefficient model with fixed linear time (i.e., 

menstrual cycle day) and an order effect was used to investigate the difference in 

ALLO levels by depressive symptoms status during the different menstrual phase 

and smoking status conditions.   In subsequent analyses, a depressive 

symptoms group and time (i.e., menstrual cycle day) interaction variable was 
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included in the model, and cigarettes smoked per day was assessed as a 

possible confounder using hierarchical regression.  P-values less than 0.05 were 

deemed statistically significant. No adjustments for multiple comparisons were 

made.  SAS V9.1.3 (SAS Institute, Cary, NC) was used for the analyses. 

D.4. Results 

 D.4.1. Study Sample. Of the 84 participants included in this analysis, 36 

(43%) were stratified into the NDS group and 48 (57%) into the DS group (Table 

2).  Participants were, on average, 30.1 (± 6.7) years old, 57% were White and 

68% had more than a high school education.  More participants in the DS group 

had more than a high school education (77%) than those in the NDS group 

(56%).  However, this difference did not reach statistical significance (Χ2=8.22, p-

value=0.084).  No other significant differences in demographics or smoking 

behavior by depressive symptoms group were noted (Table 3). 

 D.4.2. ALLO Levels by Menstrual Phase & Smoking Status.  During the F 

phase, the average ALLO level decreased by 10% from ad libitum smoking to 

smoking abstinence (Table 4; t-value=2.03, p-value=0.047).  Conversely, during 
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the L phase, ALLO levels increased by 31% from ad libitum smoking to smoking 

abstinence (t-value=4.71, p-value<0.001).   During both ad libitum smoking and 

smoking abstinence, L phase ALLO levels were significantly higher than their 

corresponding F phase levels (t-value=10.67, p-value<0.001; t-value=16.00, p-

value<0.0001; respectively). 

D.4.3. ALLO by Depressive Symptoms Status. After adjusting for cigarettes/day, 

there were no significant differences in absolute ALLO by depressive symptoms 

status in either menstrual phase during smoking ad libitum or smoking 

abstinence conditions (Table 3).  Although time (i.e., menstrual cycle day) was a 

significant independent predictor (f-value=192.37, p-value<0.001) of ALLO level, 

depressive symptoms status (f-value=0.05, p-value=0.831) did not predict ALLO 

level or the change in ALLO over time (i.e., menstrual cycle day; f-value=0.64, p-

value=0.424).  These results remained unchanged when controlling for 

cigarettes/day. 

D.5. Summary of Results 
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In this controlled cross-over study in which women with (n=48) and without 

(n=36) depressive symptoms completed two testing weeks, including ad libitum 

smoking followed by four days of smoking abstinence during the follicular and 

luteal menstrual phases, we had two main findings.  First, there were significant 

differences in ALLO levels by menstrual phase and smoking status such that 

ALLO levels decreased significantly in the follicular phase and increased 

significantly in the luteal phase during short-term smoking cessation.  Second, 

there were no significant differences between the women with and without 

depressive symptoms in the absolute or the change in ALLO levels by menstrual 

phase and smoking status.  This study is the first to assess menstrual phase 

differences in ALLO levels in women with and without depressive symptoms 

during short-term smoking cessation.  Additional research is needed to verify this 

observation in a sample of premenopausal women who are attempting to quit 

smoking permanently and explore the effect of ALLO on risk for relapse during 

attempted smoking cessation. 

 

E.  PAPER #2:  ALLOPREGNANOLONE AND SMOKING-RELATED 

SYMPTOMATOLOGY DURING SHORT-TERM SMOKING ABSTINENCE 

E.1. Overview 

Introduction:  Most women relapse from a quit attempt within the first few 

days.  Smoking-related symptomatology (SRS) has been shown to be associated 

with relapse risk.  Allopregnanolone (ALLO) can protect against negative mood 
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symptoms (one aspect of SRS); however, it is unknown how ALLO may affect 

SRS during smoking cessation. 

Methods:  Women, ages 18-40, were recruited to participate in a 

controlled cross-over study in which they attended daily clinic visits during a six-

day testing week in both the follicular and luteal phases.  During the testing 

week, ALLO was measured on Day 2 (ad libitum smoking) and Day 6 (fourth day 

of confirmed abstinence).  Participants completed several measures of SRS daily 

during the testing week.  Growth curve models were used to investigate the 

association between ALLO and SRS. 

Results: Participants (n=64) were, on average, 30.3 (± 6.7) years old and 

most (55%) were White.  The absolute level of ALLO on the day before quit was 

significantly associated with the following: (1) perceived stress on the day before 

quit (β=-2.25, p<0.01), (2) the change in perceived stress during smoking 

abstinence (β=0.79, p<0.01), and (3) premenstrual symptoms of pain and water 

retention on the day before quit (β=1.09, p<0.01; β=1.08, p<0.01; respectively).  

The change in ALLO during smoking abstinence was significantly associated with 

the following: (1) positive and negative affect on the day before quit (β=1.15, 

p<0.01; β=1.04, p=0.04; respectively), (2) perceived stress on the day before quit 

(β=-1.77, p=0.01), (3) the change in perceived stress during smoking cessation 

(β=0.17, p<0.01), and (4) the change in depressive symptoms on the day of quit 

(β=-1.52, p=0.02). 
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Conclusions:  ALLO had a significant association with affect and 

premenstrual symptoms during short-term smoking abstinence, but not with 

items specific to smoking such as craving.  Additional research is needed to 

confirm this relationship in premenopausal women who are quitting smoking 

permanently and evaluate how these associations may impact risk for smoking 

relapse.   

E.2. Significance & Background 

Withdrawal from drugs, including nicotine, is associated with various well-

characterized subjective symptoms including irritability, anxiety, depressed 

mood, restlessness and craving (Concas et al, 2006).  The onset of these 

symptoms typically occurs within 24 hours of the initiation of smoking abstinence, 

followed by a peak within the first week (Hughes, 2007).  Both menstrual phase 

variability in withdrawal symptoms during ad libitum smoking and more severe 

withdrawal symptoms during attempted cessation are associated with an 

increased risk for smoking relapse within younger female smokers (e.g. Allen et 

al 2010; Allen et al 2009b).  Because there is a large overlap between symptoms 

of withdrawal and premenstrual symptoms, it is recommended to consider the 

severity of premenstrual symptoms when women attempt to quit smoking 

(Carpenter et al, 2006).  In fact, more severe premenstrual symptoms have also 

been shown to be predictive of risk for smoking relapse (Allen et al, 2009b; Allen 

et al, 2010). 

As described above in Paper #1 (Section D.2.), ALLO is associated with 
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negative mood.  Similar associations have been observed in premenstrual 

symptomatology.  For example, higher ALLO levels are associated with less 

severe premenstrual symptoms during the luteal phase and lower levels of 

anxiety in women with Premenstrual Dysphoric Disorder (PMDD; Wang et al, 

1996; Girdler et al, 2001). However, decreases in ALLO are associated with 

improvement of PMDD symptoms (Freeman et al, 2002).  These seemingly 

discrepant findings may indicate a threshold effect of ALLO on premenstrual 

symptomatology, similar to that hypothesized to be present in the relationship 

between ALLO and depressive symptoms.  Despite these observations, no 

literature exists on the possible relationship between ALLO and smoking-related 

symptomatology (SRS) during smoking cessation in premenopausal women. 

As recently hypothesized, increased SRS during attempted smoking 

cessation may be the result of a deficiency in dopamine release (Benowitz, 

2009).  ALLO modulates the dopamine release over the course of the menstrual 

cycle (Zheng, 2009).  Therefore, it may be possible that ALLO is affecting SRS 

severity via changes in dopamine release.  Thus, the goal of this paper is to 

characterize the association between endogenous ALLO levels with SRS, 

specifically withdrawal symptoms (total withdrawal, craving, and smoking urges), 

affect (depressive symptoms, positive and negative affect, perceived stress), and 

premenstrual symptoms (affect, pain and water retention) during short-term 

smoking abstinence in a sample of premenopausal women who participated in a 

cross-over study in which they completed two testing weeks during the follicular 
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(low ALLO) and luteal (high ALLO) phases.  We hypothesize that: (1) there will 

be associations between the absolute level of ALLO on the day before quit day 

with both the absolute level of SRS during ad libitum smoking and with the 

change in SRS during short-term smoking cessation, and (2) the change of ALLO 

from the day before quit date to the fourth day of smoking abstinence will be 

significantly associated with both the absolute level and change in SRS.   

E.3. Methods 

E.3.1. Study Participants.  To be eligible for inclusion in this paper, 

participants had to have all four samples (i.e., Day 2 and Day 6 samples in Week 

1 and Day 2 and Day 6 samples Week 2).  This resulted in 64 participants of the 

87 in the subgroup included in this paper.   

E.3.2. Measures - Smoking-Related Symptomatology. Study participants 

completed the following forms daily for five days (Day 2 to Day 6): (1) Minnesota 

Nicotine Withdrawal Scale (MNWS):  With this item, participants rated their 

nicotine withdrawal symptoms on eight-items on a scale of ‘0’ (not present) to ‘4’ 

(severe) resulting in summary scores for craving and overall withdrawal (sum of 

all items excluding craving; Hughes & Hatsukami, 1998); (2) Questionnaire on 

Smoking Urges-Brief (QSU-Brief): This ten-item version of the original form 

(QSU) was developed by Tiffany and Drobes (1991).  Each item is rated on a 

seven-point Likert-type scale and results in two factors: ‘Factor 1’ is a measure of 

primary intention and desire to smoke (QSU-F1), and ‘Factor 2’ is a desire to 

smoke in anticipation of relief from negative affect (QSU-F2); (3) Positive and 
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Negative Affect Scale (PANAS):  Participants rated 20 words associated with 

positive or negative affect using a five-point Likert-type scale to yield a ‘Positive 

Affect’ (PA) and ‘Negative Affect’ (NA) score (Watson et al, 1998); (4) Cohen 

Perceived Stress Scale (PSS):  This item uses a five-point Likert-type scale to 

assess ten questions resulting in a score indicating the perception of stress 

(Roberti et al, 2006); (5) Center for Epidemiologic Studies – Depression (CES-D):  

This form contains 20 items to assess symptoms typically associated with 

depression.  The items are ranked using a four-point Likert-type scale and yield a 

single score representing level of depressive symptoms (Knight et al, 1997); and 

(6) Premenstrual Assessment Form (PAF):  This form include ten items that are 

assessed on a six-point Likert-type scale, resulting in three subscales for Affect 

(PAF-Affect), Pain (PAF-Pain), and Water Retention (PAF-Water; Allen et al, 

1991). 

E.3.2. Measures – ALLO.  All four ALLO blood samples were used in this 

paper.  These samples were collected on Days 2 (ad libitum smoking) and 6 

(fourth day of smoking abstinence) during each testing week.   The analysis of 

these samples is described above in Section C.3.  

E.3.3. Statistical Analysis.  Descriptive statistics were calculated for 

demographics and smoking behavior variables including mean and standard 

deviation for continuous variables, and percent for categorical variables.  

Participants who had data for all four ALLO values were included in the analyses, 

including those who had incomplete SRS data.  Growth curve models were used 
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to examine the effect of ALLO on the pattern of change in SRS during five days 

of data collection.  The effect of ALLO on SRS was assessed two ways - the 

absolute value of ALLO on Day 2, and the change in ALLO during the testing 

week (via a change score that was computed by subtracting the Day 2 ALLO 

value from the Day 6 ALLO value).  For SRS items that appeared to have a linear 

pattern (Craving, Withdrawal, QSU-F1, QSU-F2, PSS, PAF-Affect, PAF-Water, 

PAF-Pain), linear growth curve models were used.  Those with a non-linear 

pattern (CES-D, PA, NA), a non-linear growth curve model were used.  All 

models were adjusted for menstrual phase (F vs. L), and testing order (1st week 

vs. 2nd week).  Log transformation was used for variables with a non-normal 

distribution (NA, PAF-Affect, and PAF-Water).  For illustrative purposes, raw 

ALLO values were split into quartiles and plotted against the average SRS values 

(Figures 6 and 7).  P-values less than 0.05 were deemed statistically significant. 

No adjustments for multiple comparisons were made.  SAS V9.1.3 (SAS Institute, 

Cary, NC) was used for the analyses. 

E.4. Results 

E.4.1. 

Study Sample. 

The 64 

participants 

included in this 

analysis were, 
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on average, 30.3 (Standard Deviation (S.D.) ± 6.7) years old and smoked an 

average of 12.5 (S.D. ± 4.9) cigarettes per day.  Most were White (55%) and had 

at least a high school education (77%).  The average ALLO value on Day 2 was 

1.92 (S.D. ± 1.54) ng/mL and ALLO increased, on average, by 21% during the 

testing week (Table 5).   

E.4.2. Effect of the Absolute Level of ALLO during Ad Libitum Smoking on 

Smoking Related Symptomatology during Short-Term Abstinence.   Higher ALLO 

on the day before quit was significantly associated to the following (Table 6, 

Figure 6): (1) lower perceived stress on the day before quit (β=-2.25, t-

value=2.76, p-value=0.006), (2) a greater increase in perceived stress during 

short-term smoking abstinence (β=0.792, t-value=4.00, p-value<0.001), (3) a 

higher level of PAF-Pain on the day before quit (β=1.096, t-value=2.69, p=0.007), 

and (4) a higher level of PAF-Water on the day before quit (β=1.109, t-

Value=2.65, p=0.008).  There were no other significant associations between the 

absolute value of ALLO on the day before quit and SRS. 

E.4.3. Effect of the Change in ALLO during Short-Term Smoking 

Abstinence on Smoking Related Symptomatology.  A greater change in ALLO 

during short-term smoking abstinence was significantly associated with the 

following (Table 6, Figure 7): (1) a less drastic change in depressive symptoms 

on day of quit (β=-1.524, t-value=2.37, p-value=0.018), (2) a higher positive 

affect score on the day before quit (β=1.146, t-value=2.63, p-value=0.009), (3)  a 

higher negative affect score on the day before quit (β=1.041, t-value=2.09, p-
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value=0.037),  (4) a lower level of perceived stress on the day before quit (β=-

1.77, t-value=2.52, p-value=0.013), and (5) a greater change in perceived stress 

during short-term smoking abstinence (β=0.168, t-value=3.28, p-value=0.001).  

Two trends that were also noted between the change in ALLO were depressive 

symptoms on the day before quit (β=0.494, t-value=1.81, p-value=0.071) and the 

change in PAF-Pain (β=1.015, t-value=1.88, p-value=0.061).  The change in 

ALLO during short-term smoking abstinence was not significantly associated with 

any other SRS. 

E.5. Summary of Results 

In this controlled cross-over trial, in which premenopausal female study 

participants quit smoking during both the follicular (low ALLO) and luteal (high 

ALLO) menstrual phases, we observed a significant effect of ALLO on several 

measures of affect and premenstrual symptoms, but not on items specific to 

smoking withdrawal.  Specifically, on the day before quit date, a higher absolute 

level of ALLO was associated with lower perceived stress and greater 

premenstrual symptoms of pain and water.  The higher absolute levels of ALLO 

on the day before quit day also predicted a greater change in perceived stress 

during short-term smoking cessation.  The more dramatic change in ALLO during 

short-term smoking cessation was a significant predictor of higher negative 

affect, lower perceived stress and, possibly, lower depressive symptoms on the 

day before quit day.  Finally, a greater change in ALLO during short-term 

smoking cessation was also a predictor of greater change in perceived stress 
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and a blunted change in depressive symptoms during smoking cessation. This 

study is the first to assess the effect of ALLO levels on smoking related 

symptomatology in premenopausal women during short-term smoking cessation. 

Because affect and premenstrual symptoms have been shown to be predictive of 

risk for relapse in premenstrual women (Allen et al, 2009d; Allen et al, 2010), 

additional research is warranted to verify these results in premenopausal women 

who are intending to quit smoking permanently and explore the possible 

therapeutic effects of ALLO during smoking cessation.  
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F.  PAPER #3:  ALLOPREGNANOLONE AND NICOTINE RESPONSE DURING 

SHORT-TERM SMOKING ABSTINENCE 

F.1. Overview 

Introduction: Nicotine response may predict susceptibility to smoking 

relapse. Allopregnanolone (ALLO), a neuroactive steroid metabolized from 

progesterone, has been shown to be associated with several symptoms of 

nicotine response.  Therefore, it may protect against nicotine response and 

subsequent relapse to smoking.   
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Methods: Women smokers were enrolled into the study and completed 

two nicotine response lab sessions in their follicular (low ALLO) and luteal (high 

ALLO) menstrual phases on the fourth day of biochemically confirmed smoking 

abstinence.  During the lab session, participants used nicotine nasal spray and 

completed a timed series of cardiovascular, cognitive and subjective responses.  

A blood sample, for measurement of ALLO, was collected immediately before the 

start of the nicotine response lab session.  The association between ALLO and 

nicotine response were assessed using covariance pattern models. 

Results: Study participants (n=77) were, on average, 29.9 (±6.8) years old 

and smoked 12.2 (±4.9) cigarettes per day.  ALLO had a significant, positive 

association with the following variables prior to initiation of nicotine nasal spray: 

systolic blood pressure (β =0.85, p=0.04), diastolic blood pressure (β =1.19, 

p<0.01), and self-report of physical symptoms (β =0.58, p<0.01), dizziness (β 

=0.88, p<0.01), jitteriness (β =0.90, p=0.04) and pleasantness (β =2.05, 

p=0.041).  ALLO also had significant positive associations with the following 

changes from baseline to post nicotine nasal spray use: discriminability (a 

measure of attention; β =1.15, p=0.05), and bias (a measure of impulsivity; β 

=0.12, p=0.02). 

Conclusions: ALLO was significantly associated with a number of 

measures of nicotine response both prior to and after use of nicotine nasal spray.  

The results suggest that ALLO may impact the cardiovascular and the subjective 

physical state during acute smoking abstinence, as well as the cognitive 
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response to nicotine.  Additional research is needed to explore the impact of 

these associations on smoking cessation outcomes. 

F.2. Background & Significance 

Nicotine response, defined as the cardiovascular, cognitive, and subjective 

reaction to nicotine, reinforces cigarette-smoking behavior (Stolerman & Jarvis, 

1995). The responses to nicotine may serve as indicators of both sensitivity to 

nicotine and susceptibility to nicotine dependence via an association with 

likelihood of smoking relapse (Pillitteri et al, 1997; Pomerleau et al, 1998; 

Pomerleau, 1995).  Sensitivity to nicotine is theorized to increase after smoking 

cessation due to a decrease in tolerance (Perkins et al, 2002).  Understanding 

the acute effects of nicotine during short-term abstinence is important in 

understanding sensitivity to nicotine and subsequent smoking relapse (Perkins et 

al, 2001; Perkins et al, 2002).  Some preliminary evidence has suggested that 

nicotine response varies by menstrual phase – specifically the follicular phase is 

associated with increases in impulsivity and decreases in nicotine metabolism 

compared to the luteal phase in women without depressive symptoms (Allen et 

al, 2009e), suggesting that sex hormones, and perhaps their metabolites, may 

play a role. 

Although the association between nicotine response and ALLO has yet to be 

investigated, several individual symptoms of nicotine response have been found 

to be significantly associated with ALLO.  For example, complaints of memory 

impairment in pregnant women often begin in the second trimester when ALLO 
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peaks and resolve soon after childbirth when ALLO rapidly declines (Birzniece et 

al, 2006).  Women with premenstrual dysphoric disorder (PMDD) also show 

difficulty concentrating and impairment in working memory during the luteal 

phase of the menstrual cycle when ALLO is at its highest. (Birzniece et al, 2006).  

Changes subjective scores of sedation are correlated with increasing serum 

ALLO levels (Sundstrom-Poromaa, 2008).  In addition to ALLO’s association with 

cognition, ALLO has been shown to have a positive correlation with diastolic 

blood pressure (Childs et al, 2010).  Additional evidence comes from the animal 

literature, such that animals injected with ALLO learned significantly less 

compared to those who were not injected with ALLO (Sundstrom-Poromaa, 

2008).  Overall these observations suggest there may be an association between 

ALLO and cognition, sedation and blood pressure, all measures of nicotine 

response. 

ALLO may have an effect on nicotine response through the effect on GABAa 

receptors (see Section B.4 for additional details); this could, subsequently, 

impact nicotine response and, therefore, relapse to smoking.  Thus, the overall 

goal of this paper is to assess the association between ALLO and nicotine 

response during short-term smoking cessation.  We hypothesize an inverse 

association with ALLO and cognitive measures (i.e., higher ALLO will be 

associated with lower cognitive function), and a positive association between 

ALLO and cardiovascular and subjective measures (i.e., higher ALLO will be 

associated with greater cardiovascular response and favorable subjective 
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response).  

F.3. Methods  

F.3.1. Study Participants.  To be eligible for inclusion in this paper, 

participants had to have ALLO values available for both Day 6 visits.  Of the 87 

participants included in this project, 77 met this criteria and were included in this 

paper. 

F.3.2. Measures - Nicotine Response.  The nicotine lab session included a 

four-hour timed protocol in which the study participants used nicotine nasal spray 

(2 mg dose; two sprays per nostril separated by two minutes) at Time 0 minutes.  

Dependent measures, assessing cardiovascular, cognitive, and subjective 

response to nicotine, were collected starting at Time -30 minutes and continuing 

until Time 90 minutes (Figure 5).  This series was repeated twice.  Given the 

purpose of this paper is to assess initial response to nicotine, the data from two 

time points were analyzed: (1) prior to using nicotine nasal spray (i.e baseline 

values), and (2) pre-determined peak time points (i.e., expected greatest change 

from baseline values).   

First, cardiovascular response was measured by the following measures: (1) 

Blood pressure (Diastolic (DBP) and Systolic (SBP)) and heart rate (HR) was 

measured using an automatic blood pressure machine (Time -1 and 5 minutes).   

Second, cognitive response was assessed with the following three measures:  

(1) Mathematical Skills Task (Math): This test is a revised version of the serial 

addition/subtraction task from the Walter Reed Performance Assessment 
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Battery.  The Math task assesses cognition, specifically general information 

processing.  Each trial involves a presentation of 50 simple addition or 

subtraction problems and the participant indicates if the problem is true or false 

(Thorne et al, 1985) resulting in a total number correct, as well as response time 

(Time -30 and 20 minutes); (2) Fingertapping Task (FT): Using the index finger 

on the dominant hand, participants tapped a key on a computer as quickly as 

possible for 30 seconds for two successive trials (Hindmarch, 1980).  The 

average of the two trials is used as an indicate of motor speed (Time -30 and 20 

minutes); and (3) Immediate Memory Task (IMT): In this task, a measurement of 

attention and impulsivity, a series of randomly generated 5-digit numbers (e.g., 

54983) is displayed on a computer monitor for ½ a second at a rate of one per 

second.  The participant was instructed to press a button when the number 

displayed is identical to the preceding number.  Outcome variables include 

Discriminability (A’), which ranges from 0.5 (chance) to 1.0 (perfect 

discrimination) and Bias (beta) which ranges from 0.0 (liberal bias) to 2.0 

(conservative bias; Dougherty et al, 2002; Time -30 and 10 minutes).  

Third, the following two measures were used to assess the subjective 

response to nicotine: (1) Subjective State Scale (SSS; al’Absi et al, 2004; al’Absi 

et al, 2005): This measure contains 24-items to which participants respond to 

using a six-point Likert-type scale.  These items yield five subscales: Negative 

Affect, Positive Affect, Physical Symptoms, Withdrawal and Craving (Time -30 

and 5 minutes), and (2) Visual Analog Scale (VAS):  This subjective item was 
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used to measure potentially rapid changes in negative or positive drug effects 

including the following items: Alert, Dizzy, Head Rush, Jittery, Pleasant, Relaxed, 

Stimulated and Urge to Smoke.  The participant used a 100-mm line to mark her 

experience ranging from ‘not at all’ to ‘very much’ (Jones et al, 1999; Time -30 

and 5 minutes). 

F.3.3. Measures – ALLO.  ALLO values from samples collected on the day 

of the nicotine response lab session (i.e., Day 6, fourth day of smoking 

abstinence) during each testing week were used in this paper.   The analysis of 

these samples is described above in Section C.3.  

F.3.4. Statistical Analysis.  Descriptive statistics were calculated for 

demographics and smoking behavior variables including mean and standard 

deviation for continuous variables, and percent for categorical variables.  All 

participants who had data for ALLO values on Day 6 were included in the 

analyses, including those who had incomplete nicotine response data.  To 

measure the response to nicotine, change scores for each item were calculated 

by subtracting the baseline value (i.e., Time -30 or -1 minutes) from the expected 

peak value (i.e., Time 5, 10 or 20 minutes).  The effect of ALLO on the baseline 

value and the change score was assessed via a covariance pattern models with 

an unstructured pattern.  All models were adjusted for menstrual phase (F vs. L), 

and testing order (first week vs. second week).  The model with change score as 

an outcome also adjusted for the corresponding baseline value for each variable.  

Log transformation was used for variables with a non-normal distribution (IMT 
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Discriminability, VAS Dizzy, and VAS Jittery).  P-values less than 0.05 were 

deemed statistically 

significant. No 

adjustments for 

multiple comparisons 

were made.  SAS 

V9.1.3 (SAS Institute, 

Cary, NC) was used 

for the analyses. 

F.4. Results 

F.4.1. Study Sample.  A total of 77 women were included in this analysis.  

Participants were, on average, 29.9 (Standard Deviation (S.D.) ± 6.8) years old 

(Table 7).  Most were non-Hispanic White (54%) with more than a high school 

education (67%).  They smoked, on average, 12.2 (S.D. ± 4.9) cigarettes per day 

with the first one occurring 40.9 (S.D. ± 41.0) minutes of waking.  The average 

ALLO level was 2.3 (S.D. ± 1.9) ng/mL. 

3.2 Association between ALLO and Baseline Levels of Nicotine Response.  

A one-unit increase in ALLO was significantly associated with the following 

(Table 8): (1) 0.8% increase in SBP (p=0.037), (2) 1.7% increase in DBP 

(p<0.001), (3) 13.3% increase in SSS Physical Symptoms (p<0.001), (4)  8.1% 

increase in VAS Dizzy (p=0.008), (5) 5.0% increase in VAS Jittery (p=0.041), and 

(6) 3.1% increase in VAS Pleasant (p=0.041). Higher ALLO levels had 
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associations that approached statistical significance with the following items: (1) 

greater Response Time on the Math (β=0.078, p=0.064), (2) more VAS Head 

Rush (β =1.391, p=0.094), and (3) less VAS Urge to Smoke (β=-2.228, p=0.087). 
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3.3 Association between ALLO and Nicotine Response.  Higher ALLO 

levels were significantly associated with the following greater changes in nicotine 

response from baseline to 10 minutes post nicotine nasal spray (Table 8): (1) 

IMT-Discriminability (i.e., attention; β=1.154, p=0.046), and (2) IMT-Bias (i.e., 

impulsivity; β=0.124, p=0.022).  A trend was also noted suggesting that a higher 

ALLO level may be associated with a decrease in SSS Negative Affect at five 

minutes after using the nicotine nasal spray (β=-0.354, p=0.086). 

F.4. Summary of Results 

In this controlled cross-over study, in which premenopausal smokers 

completed two nicotine response lab sessions on the fourth day of biochemically 

verified smoking abstinence during the follicular (low ALLO) and luteal (high 

ALLO) menstrual phases, we observed several significant associations between 

ALLO and nicotine response (i.e., cardiovascular, cognitive, and subjective 

response).   Specifically, prior to using the nicotine nasal spray, higher ALLO 

levels were associated with higher blood pressure, favorable subjective 

measures, and, possibly, decreased information processing.  Higher ALLO also 

significantly impacted the change in cognition after using the nicotine nasal spray 

via greater changes in attention and increases in impulsivity.  While most of 

these significant associations occurred prior to the administration of a nicotine 

challenge, these relationships may still play a role in risk for smoking relapse.  

Therefore, future research should explore the mechanisms of these relationships 

and how these associations may play a role in smoking cessation efforts. 
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G.  DISCUSSION 

G.1. Overview of Discussion. 

This dissertation project includes a series of papers which focused on the 

association between ALLO and several risk factors associated with smoking 

relapse (depressive symptoms, smoking-related symptomatology, and nicotine 

response).  These papers yielded a number of significant associations between 

ALLO and study outcomes, resulting in the identification of several themes.  A 

discussion of each of these themes is presented below and included ALLO’s 

association with the following: menstrual phase, depressive symptoms, perceived 

stress, premenstrual symptoms, smoking-specific symptomatology and other 

aspects of nicotine response.  These data have some strengths and limitations, 

as well as applicability to future research.  This information is also presented 

below. 

G.2.  ALLO and Menstrual Phase.   

As hypothesized, and consistent with prior research (Genazzani et al, 1998), 

we observed significantly higher ALLO levels in the luteal phase compared to the 

follicular phase.  One of our novel observations was a significant 10% decrease 

in ALLO during the follicular phase whereas in the luteal phase ALLO 

significantly increased by 31% during short-term smoking abstinence.  Given we 

observed the change in ALLO during the luteal phase (from approximately 

menstrual cycle day 17 to 21), the significant increase may be attributed to the 
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natural fluctuation of ALLO levels during the course of the menstrual cycle as it 

typically increases dramatically from ovulation (i.e., approximately menstrual 

cycle day 14) until later in the luteal phase (i.e., approximately menstrual cycle 

day 22; Genazzani et al, 1998; Nyberg et al 2007).  However, the observation in 

the follicular phase is not as easily explained as ALLO levels characteristically 

remain flat during this phase (Genazzani et al, 1998; Nyberg et al 2007). While 

additional research is needed to replicate these findings, these observations offer 

further support for the current theory that the luteal menstrual phase is 

associated with improved smoking cessation outcomes in the absence of nicotine 

replacement therapy (Franklin & Allen, 2009).  ALLO has been shown to be 

associated with the reduction of negative drug abuse behaviors in a number of 

preclinical studies, especially in females.  For example, in females, but not 

males, ALLO is associated with a reduction of reinstatement behavior in cocaine-

seeking rats (Anker & Carroll, 2010).  Thus, given that ALLO is thought to be 

protective against drug abuse behaviors (Sinnott et al, 2002; Grant et al, 1997; 

Bowen et al, 1999), an increase in ALLO during smoking cessation during the 

luteal phase may protect against relapse whereas a drop in the follicular phase, 

as observed in this study, may increase risk for relapse.  However, whether or 

not ALLO is protective against drug abuse behavior in humans remains to be 

seen. 

G.3. ALLO and Depressive Symptoms. 
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Contrary to our hypotheses, we did not identify a significant difference in 

either absolute levels or menstrual phase variability of ALLO based on 

depressive symptom status.  This observation conflicts with a recent study 

reporting that women with a history of depressive symptoms had a blunted 

stress-induced ALLO response compared to those without a history of 

depressive symptoms (Klatskin et al 2006). While both of these studies contained 

samples of premenopausal women, there are a number of important 

methodological differences to consider.  First, our sample consisted entirely of 

established smokers whereas Klatskin and colleagues included few, if any, 

smokers (<14%).  Given that cotinine levels have been shown to be positively 

correlated with ALLO levels in a sample of men (Marx et al 2006), it is possible 

that cigarette smoking may impact the production of ALLO.  However, our results 

did not change when adjusting for cigarettes smoked per day and the association 

between ALLO and cotinine in women is unknown.  Second, Klatskin and 

colleagues used an acute mental stressor (<20 minutes) to induce an ALLO 

response whereas we investigated change in ALLO during the first four days of 

smoking abstinence, which could be considered a more chronic stressor.  It is 

unknown how ALLO response to stress varies by different types (i.e., acute 

versus chronic) stressors.  Therefore, it is difficult to know what kind of effect, if 

any, this may have had on our results.  Third, Klatskin and colleagues compared 

those with a history of major depressive disorder (MDD) to those without a 

history of MDD, whereas we compared any depressive symptoms (i.e., history of 
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MDD, or history or current subclinical depressive symptoms) to those without any 

depressive symptoms.  While our results remain unchanged in ad hoc analyses 

that compared history of MDD versus those without a history of MDD within the 

depressive symptoms group (data not shown), it remains unknown how different 

sub-types of depression and/or severity of depressive symptoms may impact 

ALLO production.    Interestingly, Klatskin and colleagues initially aimed to 

assess menstrual phase differences in stress-induced ALLO response; however, 

they were unable to assess follicular phase levels given numerous undetectable 

ALLO levels.  In the present study, we were able to consistently detect ALLO 

levels during both the follicular and luteal menstrual phases.  Despite this, we 

were unable to identify a significant difference between women with and without 

depressive symptoms in either menstrual phase.  In sum, additional research is 

needed to further explore ALLO response to stress in women with and without 

depressive symptoms.  Given the effect of depressive symptoms on risk for 

smoking relapse along with the potential for ALLO to protect against relapse, 

elucidating this relationship among women who smoke is of particular interest. 

In the second paper, we observed a substantial effect of ALLO during short-

term cessation on affect, including depressive symptoms.  While previous 

literature has consistently observed significant associations between 

allopregnolone levels and negative mood symptoms in women, the pattern (i.e., 

linear versus biphasic) of this relationship remains unknown (Andreen et al 2005; 

Nappi et al 2001).  Interestingly, in a sample of male smokers, ALLO was not 
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significantly associated with negative affect (Marx et al, 2006); suggesting effect 

of ALLO on affect may differ by sex.  This would concur with the preclinical 

literature (Anker & Carroll, 2010).  This paper expands the literature by 

examining the effect of ALLO on affect during smoking cessation, while adjusting 

for menstrual phase.   Smoking cessation is associated with a dramatic increase 

in negative affect, including depressive symptoms (Hughes, 2007).  Women are 

particularly susceptible to the effect of depressive symptoms during smoking 

cessation (Borelli et al, 1996; Husky et al, 2008).  Further research should 

continue to explore the role ALLO plays in affect, including depressive 

symptoms.  If further studies confirm such an association, then the clinical 

implications of exogenous manipulation with ALLO to limit negative affect during 

attempted smoking cessation should be explored as a possible avenue for 

improved smoking cessation rates in women.    

In the third paper where we observed several significant associations 

between ALLO and affect prior to the administration of nicotine nasal spray.  

Overall higher ALLO levels were associated with more favorable subjective 

measures (i.e., more pleasantness).  With the possible exception of negative 

affect, there were no significant associations between ALLO and the change in 

affect from 30 minutes prior to administration of nicotine nasal spray to five 

minutes post administration.  We observed a trend between ALLO and the 

change in negative affect, suggesting that less change in negative affect may 

occur when higher levels of ALLO are present.   
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Although speculative, the data from these three papers seem to suggest 

that higher levels of ALLO may be associated with an improved affect during 

short-term smoking abstinence.   If this is confirmed, ALLO may protect against 

smoking relapse via preventing an initial slip which tends to occur in response to 

negative mood in women (Nakajima & al’Absi, 2012).  

G.4. ALLO and Perceived Stress. 

In the second paper, both the absolute level and change in ALLO during 

short-term smoking abstinence had a significant effect on levels of perceived 

stress.    Acute stressors had no effect on ALLO production in men (Childs & de 

Wit, 2009); however, in women ALLO response to stress was dependent on 

menstrual phase such that the luteal phase, ALLO production was more 

responsive to acute stressors (Childs et al 2010).  In the first paper in this series, 

we demonstrated that ALLO levels change during short-term smoking cessation 

and the direction of the change is dependent on menstrual phase (decrease 

during follicular phase versus increase in luteal phase).  The results of this paper 

expand these observations by examining the effect of ALLO on perceived stress.  

Based on the first paper of this series, ALLO increases with short-term smoking 

cessation that occurs in the luteal phase.  Further, increases in ALLO levels 

during short-term smoking cessation are associated with initial lower levels of 

perceived stress.  Therefore, these observations offer further evidence for a 

possible mechanism to explain the improved smoking cessation outcomes in the 

luteal phase (Allen et al 2008).  The effect of ALLO on perceived stress remained 
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significant even after adjusting for menstrual phase.  However, it is possible that 

the seemingly different patterns of association between ALLO and perceived 

stress may be reflective of hormonal changes during cessation.   Given that 

stress predicts quitting distress (al’Absi et al 2004) and subsequent relapse 

(al’Absi et al 2005), combined with ALLO’s ability to modulate GABAa receptors 

(Zheng, 2009), ALLO may have a place in smoking cessation treatment, where 

there is currently a lack of therapeutic options to directly address this relapse 

trigger (Rose, 2010). 

G.5. ALLO and Premenstrual Symptoms. 

To our knowledge, this paper is the first to document a relationship between 

ALLO and premenstrual symptoms in a sample of premenopausal women 

without PMDD.    Three studies to-date have investigated the association 

between ALLO and premenstrual symptoms in women with PMDD during the 

luteal phase.  One of these studies (Nyberg et al, 2007), observed a decrease in 

ALLO was associated with a decrease in negative symptomatology, whereas the 

other two studies observed an increase in ALLO was associated with a decrease 

in negative symptomatology (Gridler et al, 2001; Wang et al, 1996).  One 

possible explanation for these seemingly discrepant findings may be a threshold 

effect of ALLO on symptomatology given the ALLO levels observed in Nyberg 

and colleagues’ study was substantially lower than those observed in the other 

studies (0.3-0.4 ng/ml versus 1.1 ng/ml and 1.0-2.6 ng/ml, respectively).  Like 

Nyberg and colleagues (2007), we observed positive relationship between ALLO 
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and negative symptomatology, which remained significant even after adjusting 

for menstrual phase.  Unlike the previously published literature, we observed a 

wide range of ALLO levels (0.3-8.6 ng/mL).  Given premenstrual symptoms have 

been shown to be related to risk for relapse in women (Allen et al, 2009; Allen et 

al, 2010 ), the effect of ALLO on these symptoms offers another potential 

advantage to manipulating levels of ALLO in women who are attempting to quit 

smoking.  Further, the application of these data may extend into other fields (e.g. 

treatment of premenstrual symptoms and PMDD). 

G.6. ALLO and Smoking-Specific Symptomatology. 

One of the most interesting observations in this dissertation project was the 

lack of an association between ALLO and items specific to smoking withdrawal, 

such as craving.  There were virtually no associations between ALLO and items 

specific to smoking withdrawal during short-term smoking abstinence.  While we 

did observe an inverse association between urge to smoke and ALLO, this 

observation was a trend.  Further, no other associations were observed (most 

notably was the lack of the association between ALLO and ‘craving’ during the 

same time points in the nicotine response lab session).  Therefore, it is quite 

possible that this trend was observed by chance.  Prior literature demonstrated a 

lack of an effect of ALLO on craving and nicotine dependence in a sample of 

men (Marx et al 2006).  The present study supports and expands this 

observation in a sample of premenopausal women.  We have previously 

observed higher levels of withdrawal and smoking urges during the luteal phase 
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versus the follicular phase (Allen et al, 2009), and that craving has a differential 

menstrual phase effect on risk for relapse (Allen et al, 2010).  Taken together 

these data suggest that there is a menstrual phase effect on smoking withdrawal, 

but this effect is not caused by ALLO.  An alternative explanation may be the 

ratio of progesterone to estradiol as suggested by Schiller and colleagues (2012).   

G.7. ALLO and Other Nicotine Response Measures. 

ALLO also had effects on cardiovascular and cognitive measures during the 

nicotine response lab session.  First, as hypothesized, both systolic and diastolic 

blood pressure, but not heart rate, had a significant and positive association with 

ALLO prior to the administration of nicotine nasal spray. The change in 

cardiovascular measures of response from one minute prior to the administration 

of nicotine nasal spray to five minutes after were not significantly related to 

ALLO.  Overall, these data may support prior clinical literature.  Specifically, in a 

study by Childs and colleagues (2010) a positive correlation (p=0.06) between 

change in diastolic blood pressure and change in ALLO was observed in a 

sample of men and women who were participating in a lab session designed to 

induce a stress response.  In paper three, we did not observe a significant 

association between the change in ALLO and change in cardiovascular 

measures as the Childs and colleagues (2010) study did.  Given that both studies 

observed a significant association of ALLO with cardiovascular measures 

suggests interplay between the two.  Additional research is needed to 
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understand the mechanisms of action and how this information may relate to 

smoking cessation. 

Second, in terms of cognition, ALLO appeared to have significant 

relationships with several cognitive response measures.  Specifically, ALLO 

levels had a significant association with the change in both IMT Discriminability 

and Bias after the dose of nicotine was administered.  This suggests that when 

ALLO levels are high and a dose of nicotine is introduced during a withdrawal 

state, a greater change in attention and impulsivity occurs.  On the other hand, at 

baseline (i.e., Time -30 minutes), we observed a near significant and positive 

relationship between ALLO and response time on the Math Task.  This suggests 

that higher levels of ALLO may be associated with slower information processing, 

which concurs with our hypothesis and previously published literature which have 

demonstrated that higher levels of ALLO are associated with lower cognitive 

function.  For example, in the preclinical literature, animals injected with ALLO 

learned significantly less than those who were not injected.  In the clinical 

literature pregnant women and women with PMDD had lower levels of memory 

and concentrations with higher levels of ALLO (Brizniece et al 2006).  While we 

observed the same in our study prior to the administration of nicotine nasal spray 

(i.e., higher ALLO was associated with slower information processing), the 

opposite was observed after administration of nicotine (i.e., higher ALLO was 

associated with greater change in attention and impulsivity).  Nicotine itself is 

associated with improved cognitive functioning (e.g. Wignal & de Wit, 2011; Bell 
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et al, 1999; Wesnes & Warburton, 1983), ALLO may be involved in this 

relationship via its effect on GABAa receptors which also effect learning.  

Additional research is needed to explore the mechanisms involved in this 

relationship. 

G.8. Strengths and Limitations. 

While this dissertation project contained several strengths including the 

controlled cross-over study design, which limits bias and confounding, with a 

fairly diverse study sample, along with the detailed measurement of smoking 

status and ALLO levels and a well-designed nicotine response lab session 

including a variety of measures, it also has some limitations.  First, our study 

sample included a convenience sample of women who did not want to quit 

smoking permanently.  Given that our study participants knew they could return 

to smoking within a matter of days, it is possible that the ALLO response to 

smoking cessation may be different in women who are intending to abstain from 

smoking indefinitely.  Therefore, the results of this study cannot be generalized to 

women who are attempting to quit smoking permanently.   Second, we have a 

relatively small sample size, which may have limited our power to detect smaller 

differences in ALLO levels and the effect of ALLO on smoking-related 

symptomatology and nicotine response.  However, due to the cross-over study 

design, we have greater than 99% power to detect menstrual phase differences 

in study outcomes with a smaller sample size than was included (n=52 versus 

n=64-84).  Therefore, any significant differences that were not detected due to 
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limits in power may have questionable clinical and public health significance.  

Third, ALLO is but one of many possibly explanations of the previously observed 

menstrual phase differences in smoking cessation outcomes.  Additional 

research is needed to explore the effects of ALLO on smoking-related 

symptomatology and nicotine response within the context of other possible risk 

factors, such as progesterone, estradiol and the progesterone/estradiol ratio.  

Despite these limitations this project fills gaps in the literature by being the first to 

systematically investigate the role of ALLO on several risk factors associated with 

smoking relapse.   

G.10. Future Directions. 

Due primarily to its reinforcing properties, ALLO has been identified as a 

possible substitute for drugs with abuse potential in studies of drug discrimination 

in animals (Bowen et al, 1999; Grant et al, 1997; Sinnott et al, 2002).  The 

present project provides preliminary evidence for a similar effect of ALLO in 

humans.  These observations will be immediately applied to two newly funded 

research projects.  First, a P50 grant funded by the National Institute on Drug 

Abuse and Office on Research on Women’s Health (PI Marilyn Carroll) aims to 

explore the effect of exogenous progesterone (versus a placebo) on preventing 

smoking and cocaine relapse in men and women.  Weekly blood samples (that 

will be later analyzed for ALLO) will be collected for a 12-week period during 

attempted smoking cessation.  In this study we will be able explore the effect of 

ALLO risk for smoking and cocaine relapse, as well as secondary outcomes of 
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changes in mood and stress, in both men and women. Second, a newly funded 

R01 grant by the National Institute on Drug Abuse (PI Sharon Allen) will 

investigate the role of progesterone (endogenous in pregnant women and 

exogenous in non-pregnant women) on smoking-related symptomatology and 

nicotine response.  This study will directly build on the present dissertation by 

studying the same smoking outcomes within the context of extreme progesterone 

levels.  These extreme progesterone levels will likely result in the production of 

extreme ALLO levels.  Future projects that have not yet been funded could focus 

on explore the following: (1)  the effect of exogenous ALLO on smoking 

outcomes using a lab-based setting, (2) the effect of endogenous or exogenous 

ALLO paired with various pharmacotherapies on smoking cessation outcomes, or 

(3) the effect of ALLO on other addictive substances and behaviors. 

G.11. Conclusions. 

In conclusion, ALLO levels were higher in the luteal phase, regardless of 

smoking status and depressive symptoms status.  Higher ALLO levels did not 

have a consistent effect on affect but, overall, it was associated with favorable 

levels of affect and perceived stress, as well as measures of nicotine response 

during short-term smoking abstinence.  After nicotine administration during short-

term smoking abstinence, higher ALLO levels were associated greater changes 

in cognition.  Future research is needed to explore the mechanisms of these 

relationships, confirm these findings in premenopausal women who are 
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attempting to quit smoking permanently, and investigate how ALLO may impact 

risk for smoking relapse. 
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