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Abstract  

Women experience greater difficulties in quitting smoking, though the hormonal factors 

contributing to this sex difference remain to be clarified. Increased smoking has been 

observed in the late luteal phase of the menstrual cycle and the current study aimed to 

clarify the role that changes in reproductive hormones may play in explaining these cycle 

effects. Furthermore, it tested the hypothesis that stress-induced smoking cravings are 

more pronounced during the luteal phase. To this end, twenty-two smoking women 

underwent two laboratory sessions–one in the mid-follicular phase and the other in the 

late luteal phase–involving an in-vivo smoking cue task, administered before and after 

exposure to a psychosocial laboratory stressor. Heart rate variability (HRV) and 

subjective smoking cravings in response to the pre- and post-stress cues were measured. 

Furthermore, urinary metabolites of estradiol and progesterone and daily number of 

cigarettes smoked were monitored regularly throughout the follicular and luteal phases of 

the menstrual cycle. Results revealed that the luteal phase is associated with lower HRV 

parameters reflecting parasympathetic autonomic tone, and tended to be associated with 

greater self-reported smoking cravings in response to the smoking cue; however, this did 

not translate into greater daily smoking, as assessed by daily diaries. Cycles effects on 

cue reactivity were seen only in highly nicotine-dependent women, were not moderated 

by acute stress exposure, and were driven by the greater hormonal fluctuation that 

accompanies the late luteal phase. These findings clarify the biological and psychological 

processes by which the menstrual cycle impact one’s propensity to smoke.  

Keywords: estradiol and progesterone, stress, smoking cravings 
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CHAPTER ONE 

Introduction 

1.1 Overview  

Smoking tobacco is extremely detrimental to one’s health. Its disastrous effects on 

the respiratory and cardiovascular systems and its link with nearly every existing chronic 

health condition are well-documented (see Das, 2003 for review). As a result, smoking is 

attributable to six of the eight leading causes of death worldwide, and mortality rates are 

estimated to reach one billion in the 21st century (World Health Organization [WHO], 

2008). In Canada, 18.1% of Canadians 12 years and older report smoking daily or on 

occasion, translating to 4 million daily smokers and an additional 2.4 million occasional 

smokers (Statistics Canada, 2014). As a result, tobacco use is the nation’s number one 

cause of premature death, causing 21 % of deaths in Canada in the past decade (Jones, 

Gulbis, & Baker, 2010). The economic costs associated with cigarette smoking exceed 

$17 billion in Canada alone (Reid, Hammond, Rynard, & Burkhalter, 2015). 

The World Health Organization (WHO) has recognized that smoking cessation is 

the most effective way to reduce worldwide morbidity and mortality (WHO, 2008). Health 

Canada has responded to WHO’s smoking cessation policies by launching an aggressive 

stop-smoking campaign and fortunately, the percentage of Canadians identifying 

themselves as smokers has decreased as a result. However, this decline is slowing, with 

rates of smoking changing very little over the last five years (Statistics Canada, 2016).  

Furthermore, smoking cessation rates vary across Canada’s provinces and territories, 

impeding the country’s efforts to decrease tobacco-related deaths. In Saskatchewan, the 

percentage of smokers is consistently higher than the national average, with 20.5% of 
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residents smoking at least on occasion in 2014 (Statistics Canada, 2014), suggesting that 

Saskatchewan residents may face unique cessation challenges.  

1.2 The Neurobiology of Nicotine Addiction 

The tendency for smoking cessation failure largely relates to the reinforcing 

properties of nicotine, which is the addictive element of cigarettes (Benowitz, 2010). 

Nicotine operates as an agonist at the central and peripheral nicotinic acetylcholine 

receptors (nAChRs) (Markou, 2008). Neuronal nAChRs are pentameric ligand gated ion 

channels (De Biasi & Salas, 2008). A majority of nAChRs are located on presynaptic 

terminals (Markou, 2008). At this site, nicotine binds to the nAChRs, activating the ion 

channels, causing an electrical impulse that generates an action potential (Markou, 2008). 

Through the release of neurotransmitters, the presynaptic cell imposes an effect on the 

postsynaptic cell. nAChRs are present at various sites throughout the brain and prolonged 

exposure to nicotine increases the number of nicotine binding sites on the cell surface 

(i.e., referred to as upregulation) (Vallejo, Buisson, Bertrand & Green, 2005). 

Upregulation appears in cells heterologously expressing 42 receptors (Vallejo et al., 

2005).  There are several proposed mechanisms for upregulation, the most well 

documented of which are decreased surface turnover, increased receptor assembly, or 

increased receptor trafficking to the surface (Vallejo et al., 2005). Nicotinic acetylcholine 

receptors are also located at muscular junctions (synapse between motor and skeletal 

muscles), the adrenal medulla (part of the adrenal gland responsible for secretion of 

epinephrine, norepinephrine and dopamine (DA), and at the synapses between pre- and 

post-ganglionic neurons that comprise the autonomic nervous system (i.e., both 

sympathetic and parasympathetic branches). Given the widespread placement of 
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nAChRs, nicotine influences many different brain regions and functions. The region and 

the neurotransmitters affected dictate nicotine’s effects.  

 The regions of the brain implicated in nicotine addiction reside along the 

mesolimbic and mesocortical pathways (Mansvelder & McGehee, 2002). Both pathways 

are dopaminergic pathways that project from the ventral tegmental area (VTA), a region 

that is widely implicated in drug addiction, to other regions of the brain (Goldstein & 

Volkow, 2002).  Although nAChRs reside in most brain areas, including both pathways, 

many studies have focused on nAChRs prominence in the mesolimbic pathway 

(Corrigall, Franklin, Coen, & Clarke, 1992; Gotti et al., 2010; Klink, de Kerchove 

d'Exaerde, Zoli, & Changeux, 2001). The mesolimbic pathways join the VTA to the 

nucleus accumbens (NAcc) while the mesocortical pathway connects the VTA to the 

prefrontal cortex (PFC; Goldstein & Volkow, 2002). For these pathways, transmission of 

DA originates in the VTA, where it is then released along the projection neurons to either 

the NAcc or the prefrontal cortex (Goldstein & Volkow, 2002). DA release in the NAcc 

produces euphoria, creating a sense of pleasure (Goldstein & Volkow, 2002). Thus, DA 

release is thought to be responsible for reinforcing the reward of smoking. In addition, 

DA increases simply from the expectation of smoking a cigarette, making even the 

preparation involved in smoking rewarding. Regarding the mesocortical pathway, DA 

activation from the VTA during nicotine intoxication leads to increased activation of the 

prefrontal cortex and the anterior cingulate gyrus (Goldstein & Volkow, 2002). The 

prefrontal cortex is involved in all executive functions, such as planning, reasoning and 

problem solving, and the cingulate gyrus is involved in reward anticipation, decision-

making, impulse control, and emotion regulation (Miller & Cohen, 2001). Furthermore, 
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activation of these regions has also been observed during times of craving, which leads to 

recall of emotionally charged past experiences with nicotine use and the anticipation of 

nicotine’s reward (Goldstein & Volkow, 2002). While nicotine’s direct effect on DA is 

pervasive in the literature (Calabresi, Lacey, & North, 1989; Imperato, 1986; Mifsud, 

Hernandez, & Hoebel, 1989), nicotine also impacts the activity of glutamate, and gamma-

Aminobutyric acid (GABA). 

 Glutamate is an excitatory neurotransmitter and its actions are regulated by 

ionotropic and metabotropic glutamate receptors (mGluR) (Markou, 2008). Nicotine 

excites presynaptic nAChRs on glutamatergic terminals, releasing glutamate in various 

regions of the brain including the VTA, NAcc, and PFC (Markou, 2008). Glutamate then 

acts at the glutamate receptors on postsynaptic DA neurons, increasing DA activity and 

release (Markou, 2008). While glutamate increases DA tone, GABA decreases it 

(Markou, 2008). Although glutamate is important, research suggests that nicotine’s 

effects on DA in the dopaminergic pathway are largely controlled by GABAA and 

GABAB receptors in the VTA (Markou, 2008). Release of GABA and activation of these 

receptors reduces DA activity, thus decreasing the rewarding property of nicotine. GABA 

is the primary inhibitory neurotransmitter in the brain: presynaptic and post synaptic 

binding of GABA leads to the hyperpolarization and decreased firing of the neuron 

(Markou, 2008). Likewise, it is hypothesized that nicotine-generated changes in GABA 

receptor activity and functioning may be the mechanism by which continuous nicotine 

exposure results in long-term reductions in GABAergic activity (Markou, 2008). 

Dopamine release in the NAcc and PFC, facilitated by glutamate and decreased by 

GABA, plays an important role in the rewarding aspect of smoking (Markou, 2008). 
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Though upregulation of nAChRs leads to increased binding sites, there is no consensus 

among researchers that these changes results in functional increases. Likewise, it is 

suggested that through prolonged use, nAChRs become desensitized to amounts of 

nicotine that the smoker has previously used, so more nicotine is needed in order for the 

receptors to respond (Markou, 2008). Therefore, over time, the person smoking must 

smoke a greater number of cigarettes to achieve the same desired effect; this is referred to 

as pharmacodynamic tolerance (Markou, 2008).  

Also encouraging continued cigarette use is the desire to avoid cigarette 

withdrawal symptoms (e.g. irritability, depressed mood, restlessness, anxiety, and 

somatic symptoms). Withdrawal relates to an interruption in the equilibrium created by 

neuroadaptations that occur with prolonged nicotine use (De Biasi & Dani, 2011). For 

example, with prolonged nicotine use, the brain adapts to nicotine-induced increases in 

DA in the NAcc by decreasing endogenous DA production and increasing DA reuptake – 

as a result, when an addicted individual abstains from smoking, they experience 

decreased extracellular dopaminergic activity in the NAcc (Hadjiconstantinou & Neff, 

2010; Rahman, Zhang, Engleman, & Corrigall, 2004). These changes in DA activity 

correspond with the onset of the somatic and emotional symptoms of withdrawal 

(Hadjiconstantinou & Neff, 2010). Withdrawal-based cravings can begin as little as 20 

minutes after smoking but generally peak around two hours; this timeframe is generally 

shorter in women as they metabolize nicotine more quickly (Benowitz, 2010; Franklin et 

al., 2007). Rapidly metabolizing nicotine results in a briefer time spent experiencing the 

benefits of smoking and a quicker onset of withdrawal.  

To recap, acute nicotine administration creates a sense of reward by increasing 
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DA release in the NAcc and the PFC. Prolonged nicotine use creates neuroadaptations, 

altering the brain’s reward system, contributing to addictive behaviour. Specifically, the 

neuronal adaptations following repeated exposure to nicotine include an increased 

availability of neuronal nAChRs at the cell’s surface, the need for higher amounts of 

nicotine overtime to obtain the desired effect (tolerance), and the increased ability of 

nicotine to stimulate DA release and trigger cravings (De Biasi & Salas, 2011). 

1.3 Sex Differences in Smoking 

Although smoking prevalence rates are higher among men (19.7% of males and 

13.8% of females are current smokers) and men are more likely to be heavy smokers (i.e., 

25 or more cigarettes daily) than women (Statistics Canada, 2014), female smokers 

attempt to quit less often than men; furthermore, women who do attempt to quit are less 

likely to maintain abstinence (Fattore, Altea, & Fratta, 2008; Reid et al., 2015). In line 

with this, studies examining the efficacy of pharmacological treatments for nicotine 

dependency (e.g., nicotine gum, nicotine patch, bupropion, varenicline, etc.) have 

reported greater success in men compared to women (for review see Torchalla, Okoli, 

Hemsing, & Greaves, 2011). A recent meta-analysis comparing the efficacy of the 

nicotine patch for smoking cessation in men and women revealed that the nicotine patch 

was more successful than placebo for men at each follow-up session (Cepeda-Benito, 

Reynoso, & Erath, 2004). However, for women, the nicotine patch was beneficial at the 3 

and 6-month follow-ups but not at the 12-month follow-up. Furthermore, among women 

who showed improvement at the 6-month follow-up, this therapy was only effective 

when added to intensive non-pharmacological support (i.e., counselling); in the absence 

of such support, the nicotine patch was no more effective than placebo. At the 12-month 
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follow-up, the nicotine patch was not superior to the placebo in women, even when 

paired with counseling. These differences highlight the fact that women face distinctive 

barriers when attempting to quit smoking. Both psychosocial and biological influences 

have been hypothesized to account for this difference in abstinence failure.  

1.3.1 Psychosocial contributors to sex differences in smoking behaviour. One 

of the psychosocial contributors to sex differences in smoking behaviour that has been 

examined relates to the motivation behind smoking behaviour. For instance, men’s desire 

to smoke has been more directly related to the pharmacological incentive of nicotine, 

whereas women are more receptive to the nonpharmacological characteristics of smoking 

(e.g., actions of smoking, smell, taste, and social interactions; Perkins, Donny, & 

Caggiula, 1999). Women’s responsiveness to these conditioned cues suggest that their 

addiction is more behavioural in nature than men’s. This difference in physical 

dependency may help explain why nicotine replacement therapy is more efficacious for 

men (Torchalla et al., 2011). Another widely cited reason for continued smoking in 

women relates to women’s fears of weight gain (Torchalla et al., 2011). Unfortunately, 

this concern is not unfounded, as women are more likely to gain weight after quitting 

smoking and although nicotine replacement has been noted to aid in limiting post-

cessation weight gain, the effects are not sustained long-term (Flegal, Troiano, Pamuk, 

Kuczmarski, & Campbell, 1995; Parsons, Shraim, Inglis, Aveyard, & Hajek, 2009). It is 

also suggested that for women, smoking cessation may threaten relationships with loved 

ones, as smoking is entrenched within interpersonal relationships. Smoking may act as a 

maintenance factor by aiding in intimacy, communication, and reduction of negative 

affectivity (Doherty & Whitehead, 1986). Understanding gender-specific psychosocial 
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differences in smoking behaviour can aid in providing recommendations for 

interventions.  

Another psychosocial motivation proposed to help explain gender differences in 

smoking relates to stress management. For example, women report using cigarettes more 

often as a coping mechanism for negative emotions (Reig-Ferrer & Cepeda-Benito, 

2007). In one study, 569 smokers (49% female) and 294 never smokers (48% female) 

completed the Smoking Consequences Questionnaire (SCQ). The results of the study 

indicate that women are more likely than men to expect a decrease in negative affect 

reduction with smoking. Women also experience more significant negative affective 

states while quitting smoking (Leventhal et al., 2007). Smokers in general are more likely 

to suffer from depressive disorders and this relationship is even more robust for women 

(Husky, Mazure, Paliwal, & McKee, 2008).  

This tendency for women to use smoking as a stress management tool is also 

evident in studies measuring stress in response to acute laboratory stressors. For example, 

smoking a cigarette prior to acute psychosocial stress exposure has been found to have 

greater anxiolytic benefits in women compared to men (File, Fluck, & Leahy, 2001). 

Specifically, while nicotine administration prior to a laboratory stressor blocked 

significant increases in anxiety, discontent and aggression in females, it actually 

increased them in males (File et al., 2001). Relatedly, Back and colleagues (2008) found 

that female smokers showed a lower cortisol response to the Trier Social Stress Test 

(TSST) when compared to female non-smokers but found no significant effect for men. 

These studies suggest that smoking is related to improved stress management in women 

but not in men.  
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 Female smokers also appear to be more prone to experiencing smoking cravings 

when exposed to acute stress. This was demonstrated in a study by Saladin and 

colleagues (2012) who measured arousal and smoking cravings to a smoking cue 

following a negative affect/stress cue in male and female smokers. Results from the study 

revealed that women had higher subjective smoking cravings, arousal, and stress ratings 

in response to the negative affect/stress cue when compared to the men. It should be 

noted that this study did control for menstrual cycle phase effects by randomizing the 

timing of the female participants’ laboratory sessions to coincide with one of the four 

different menstrual phases (i.e., early follicular, mid-late follicular, mid-late luteal and 

late luteal) but it did not examine the potential moderating effects of menstrual phase.   

Taken together, this body of research suggests that women may use smoking as a 

stress management tool more than men and that they may tend to experience a greater 

desire to smoke when exposed to acute stress compared to men.  

1.3.2 Hormonal contributors to sex differences in smoking behaviour. The 

hormonal environment to which women are exposed within the context of the menstrual 

cycle may also help to explain why they have greater difficulty quitting and remaining 

abstinent. I begin this discussion with a brief description of the menstrual cycle. 

The hormonal changes across the menstrual cycle start with the release of 

gonadotropin-releasing hormone (GnRH) from the hypothalamus (Filicori, Santoro, 

Merriam, & Crowley, 1986).  GnRH acts on the pituitary gland, causing it to release 

luteinizing hormone (LH) and follicle stimulating hormone (FSH). LH and FSH control 

the levels of estradiol (one of the most potent forms of estrogen) and progesterone 

produced by the ovaries (Sherman & Korenman, 1975). The menstrual cycle consists of 
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two phases–the follicular and luteal phases–that are characterized by changes in 

hormones, the ovaries, and the uterus and are separated from each other by an event 

known as ovulation. In regularly-cycling women, a menstrual cycle lasts 28-35 days, with 

the follicular phase lasting between 12 and 15 days and the luteal phase lasting 13-15 

days (Sherman & Korenman, 1975). The first day of menstruation marks the first day of a 

new cycle and the beginning of the follicular phase (Sherman & Korenman, 1975). 

Estradiol and progesterone levels are low during the early follicular phase; however, by 

the mid-follicular phase, elevated FSH levels stimulate the development of estradiol-

secreting ovarian follicles, causing estradiol levels to rise (Sherman & Korenman, 1975). 

This increase in estradiol causes the endometrial lining to thicken. By the end of the 

follicular phase, estradiol levels peak, triggering an LH surge, which, in turn, causes an 

egg to be released from its follicle; an event known as ovulation (Sherman & Korenman, 

1975). Ovulation lasts between 12 and 48 hours and marks the beginning of the luteal 

phase. During the luteal phase, the remains of the ovarian follicle that released an egg 

during ovulation forms what is called the ‘corpus luteum’ (Sherman & Korenman, 1975). 

The corpus luteum releases a moderate amount of estradiol and a large amount of 

progesterone while the egg that has been released continues to produce estradiol – the 

luteal phase is therefore characterized by high levels of both estradiol and progesterone. 

Towards the end of the luteal phase, the corpus luteum deteriorates if an egg is not 

fertilized, resulting in a sharp decline in estradiol and progesterone towards the end of the 

luteal phase (Sherman & Korenman, 1975). This sharp decline in hormones triggers the 

shedding of the endometrial lining, marking the end of the final stage of the cycle and the 

beginning of a new cycle.  
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 Research has examined smoking behaviour across the menstrual cycle to better 

understand the effect of reproductive hormones on nicotine addiction. However, this 

research area has produced inconsistent findings, likely due to unreliable phase 

definitions and a failure to measure actual hormone levels. A review by Weinberger and 

colleagues (2015) identified 36 studies examining menstrual cycle effects on smoking. 

Although not all studies revealed significant phase effects, likely due to the important 

methodological limitations mentioned above, the overall findings suggested that more 

smoking—as measured by daily diaries and ad libitum smoking, more intense cravings in 

response to in vivo cues, and more severe withdrawal symptoms following experimental 

manipulation—occurs in the late luteal phase of the menstrual cycle when compared to 

the follicular phase. However, these two menstrual cycle phases differ from one another 

in a number of ways; even within each menstrual cycle phase, the hormonal profile 

changes considerably depending on the menstrual cycle day. In the early follicular phase, 

estradiol and progesterone are at their lowest levels following the late-luteal decline in 

both hormones. However, estradiol levels begin to rise in the mid-follicular phase and 

peak in the late follicular phase to levels that are higher than any other time in the 

menstrual cycle. In the luteal phase, estradiol and progesterone are steadily high until the 

late luteal phase, at which point estradiol and progesterone both decline rapidly.    

 Given how greatly the hormonal environment changes both between and within-

menstrual cycle phases, it is highly problematic that the studies reviewed by Weinberger 

et al. (2015) vary so greatly in terms of the timing of smoking behavior measurement, 

with some studies using the early follicular phase (Allen, al’Absi, Lando, Hatsukami & 

Allen  2013; Sofuoglu, Mouratidis, & Mooney, 2011), others using the mid-follicular 
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phase (Allen, Mooney, Chakraborty, & Allen, 2009; Allen, Allen, & Pomerleau, 2009; 

Allen, Hatsukami, Christianson, & Nelson, 1996), others using the late follicular phase  

(Pomerleau, Mehringer, Marks, Downey, & Pomerleau, 2000; Snively, Ahijevych, 

Bernhard, & Wewers, 2000) and still others measuring across the entire follicular phase 

(DeBon, Klesges, & Klesges, 1995; Marks, Hair, Klock, Ginsburg., & Pomerleau,1994; 

Sakai & Ohashi, 2013; Pomerleau, Cole, Lumley, Marks, & Pomerleau, 1994;  

Pomerleau, Garcia, Pomerleau, & Cameron , 1992). Although studies are generally better 

at clearly defining the late luteal phase, there are nonetheless several studies that measure 

“luteal phase smoking behavior” across the entire luteal phase  (DeBon et al., 1995; 

Marks et al.,1994; Sakai & Ohashi, 2013; Pomerleau et al., 1994;  Pomerleau et al., 

1992). These differences in phase definitions, combined with the lack of hormone 

measurement in these studies, make it impossible to identify the hormonal driver behind 

the increased smoking behavior seen in the late-luteal phase. In order to truly understand 

the impact of ovarian hormones on smoking behavior, research must use precise 

measurements of hormone levels and their fluctuation.  

 A study by Schiller, Saladin, Gray, Hartwell, and Carpenter  (2012) overcomes 

this limitation while also using a highly accurate assessment of smoking behaviour. In 

this study, after abstaining from smoking for 12 hours, women attended a laboratory 

session during which they were allowed to smoke ad libitum for one hour. As they did so, 

a smoking topography device recorded details about smoking behaviour, including 

number of puffs, mean puff duration, and total puff volume. A blood draw was used to 

determine serum estradiol and progesterone levels. One to two weeks later, participants 

returned for an identical session and hormone levels were again measured. The results of 
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the study identified two hormonal predictors of increased smoking: 1) a lower level of 

progesterone relative to estradiol and 2) greater decrease in hormones (estradiol or 

progesterone) over time, with both variables predicting more puffs and a greater cigarette 

mass (i.e., greater weight of cigarettes smoked) during the smoking topography session. 

The latter finding may help to explain why the late luteal phase, which is characterized by 

the greatest decrease in estradiol and progesterone, is associated with increased smoking. 

However, it remains the only study to examine reproductive hormone levels and hormone 

variability in relation to smoking behavior.  

1.4 Reproductive Hormones and Nicotine Addiction 

The meta-analysis by Weinberger and colleagues (2015) emphasizes the late 

luteal phase as a time of increased smoking behaviour. The study by Schiller et al. (2012) 

suggests that lower progesterone relative to estradiol, as well as greater decreases in 

estradiol and progesterone, is associated with increased smoking behaviour. In the 

following section, the neurobiological mechanisms by which these two hormonal 

variables could, in theory, influence smoking behaviour, are discussed (See Figure 1 for a 

flow chart of the interactions between reproductive hormones and neurotransmitters 

involved in nicotine addiction).  

1.4.1. Reproductive hormone levels. Progesterone and its metabolites (e.g., 

pregnanolone and allopregnanolone) interact with several neurotransmitter receptors 

(Cyr, Landry, & Di Paolo, 2000; Smith, Shen, Gong, & Zhou, 2007), GABA being the 

most relevant to nicotine addiction. Pregnanolone and allopregnanolone have been shown 

to increase GABAergic transmission (Lynch & Sofuoglu, 2010); increased GABAergic 

activity, in turn, reduces DA and attenuates the rewarding effects of nicotine.  
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While progesterone may reduce DA release in response to nicotine, there is 

evidence to suggest that estradiol increases DA release in response to nicotine, making 

smoking more rewarding. Dluzen and Anderson (1997) evaluated the DA response to 

nicotine by comparing brain tissue fragments of castrated female rats that were either 

treated with estradiol or not. Results of the study demonstrated that castrated female rats 

treated with estradiol released significantly more DA than those not treated with estradiol 

(Dluzen & Anderson, 1997). It is believed that this may occur through increased 

glutamate signaling via estradiol activation of mGluR (Boulware et al., 2005). Increased 

activation of the DA system as a mechanism by which estradiol might  
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Figure 1. Reproductive Hormones and Neurotransmitters 
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promote smoking behavior is further substantiated by the fact that the reward system 

shows increased reactivity during the mid-follicular phase (when estradiol is high and 

progesterone is low; Dreher et al., 2007). This increase in reactivity along the reward 

pathways due to estradiol modulation suggests that women are more susceptible to effects 

of addictive substances that also modify these pathways.     

 1.4.2. Reproductive hormone change. Schiller at al. (2012) found that greater 

reproductive hormone change was also associated with increased smoking. While the 

mechanisms underlying this effect are not fully understood, one possibility may involve 

structural changes to the GABAA receptor, triggered by allopregnanolone (ALLO) 

fluctuation. ALLO is a progesterone metabolite that is also positively modulated by 

estradiol, as estradiol facilitates the conversion of progesterone to ALLO through its 

effect on several enzymes (Pluchino et al., 2009). ALLO is a positive allosteric modulator 

of GABAA receptors via dose-dependent enhancement of GABA-induced Cl- influx via 

ion channels (Morrow, Suzdak, & Paul, 1987) and has anxiolytic (Bitran, Shiekh, & 

McLeod, 1995) and antidepressant effects (Rodrìguez-Landa, Contreras, Bernal-Morales, 

Gutièrrez-Garcìa, & Saavedra, 2007). Due to the high levels of ALLO provided by the 

ovaries, ALLO levels are highest in the luteal phase (Genazzani et al., 1998).   

 When ALLO levels fluctuate, the GABAA receptor subunit expression will change 

so that receptor sensitivity will help to maintain relatively constant GABAergic tone 

overall (Andréen et al., 2009). However, there is some evidence from animal models 

suggesting that in response to large drops in ALLO, ALLO’s effects can actually become 

inhibitory rather than excitatory at the GABAA receptor (Shen et al., 2007). Thus, rather 

than positively modulating the GABAA receptor, ALLO inhibits it. In turn, there is an 
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overall decline in GABAergic inhibitory tone thus allowing for more positive experiences 

with smoking as a result of increased DA activity. This impact of ALLO on GABAA 

receptors in response to fluctuating ALLO levels may therefore help to explain why 

smoking behaviour would increase in response to large changes in reproductive hormone 

concentrations. 

 Consistent with the idea that GABAergic inhibitory influences on dopamine 

would decrease in the late luteal phase, studies have found that women demonstrate 

greater sensitivity to stress during this menstrual phase. One study by Kirschbaum, 

Kudielka, Gaab, Schommer, and Hellhammer, (1999) examined sex-specific effects of 

stress induction on HPA response patterns. Women in the follicular phase, women in the 

luteal phase, and women using oral contraceptives were included in the study. Post hoc 

measurements of estradiol and progesterone were used to verify menstrual cycle phases. 

Blood and saliva samples were collected to examine cortisol levels in response to the 

TSST. Results of the study found that women in the luteal phase had larger cortisol 

responses to the TSST than women in the follicular phase and women using oral 

contraceptives.  
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CHAPTER TWO 

The Current Research Project 

 The current literature examining the effects of menstrual phase and reproductive 

hormones on smoking behaviour is hindered by several methodological limitations, 

including the use of vague and conflicting phase definitions and the lack of hormonal 

measurement. Current research seems to suggest that the late luteal phase is a time of 

increased smoking behaviour but the hormonal driver of this menstrual cycle phase effect 

is unclear. The current research project therefore aimed to clarify the hormonal mediator 

underlying late-luteal increases in smoking. Furthermore, it aimed to test the possibility 

that late-luteal increases in smoking may be driven by phase-related differences in stress-

related cigarette cravings. More specifically, it aimed to test the hypothesis that stress-

induced smoking cravings may be most pronounced in the late-luteal phase, thus 

explaining increases in smoking behaviour during this time.  

 On two separate occasions over the course of one month, 22 women from the 

community underwent a laboratory session in which their psychological and 

physiological responses to a smoking cue reactivity task (i.e. manipulating a box of their 

brand of cigarettes) were assessed. In order to assess nicotine cravings triggered by 

increased psychological stress, this smoking cue reactivity task was repeated following 

the administration of a psychosocial laboratory stressor battery. With previous studies’ 

focus on the follicular vs. luteal phase in mind, the two laboratory sessions coincided 

with the participants’ mid follicular phase and their late luteal phase. Furthermore, 

participants provided 12 urine samples over the course of one month to allow for the 

measurement of metabolites of both estradiol (estrone-3-glucuronide - E1G) and 
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progesterone (pregnanediol glucuronide – PdG). In line with the studies analyzed by 

Weinberger et al. (2015) highlighting the influence of the hormonal profile of the luteal 

phase, and the Schiller et al. (2012) study linking greater hormonal change to increased 

smoking, it was hypothesized that a greater number of cigarettes smoked, and more 

intense cravings and physiologic responses to the smoking cue reactivity task would be 

associated with the following: being in the late luteal phase and greater decreases in E1G 

and PdG from the previous measurement point. It was also hypothesized that more 

intense cravings and physiologic responses to the post-stress smoking cue reactivity task 

would be observed when there was a greater decrease in E1G and PDG since the previous 

measurement.  
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CHAPTER THREE 

3.1 Methods 

 3.1.1 Participants. The current study was approved by the University of Regina’s 

Research Ethics Board (See Appendix A). Twenty-two women aged 18-45 years, with 

regular menstrual cycles and reportedly smoking 10 or more cigarettes per day were 

recruited for this study. The decision to recruit women who smoke at least 10 cigarettes a 

day comes from Statistics Canada’s reference of this number being defined as light daily 

smoking. Exclusion criteria included the following: a Center for Epidemiologic Studies 

Depression Scale (CES-D) score of 16 or higher; use of medications affecting mood (as 

per past research suggestions) or ovarian hormones (as to not influence hormone 

measurement); current use of smoking cessation aids or programs (as to not influence 

smoking cravings and ensure current smoker status over the duration of the study); 

pregnant and nursing women (as to not influence hormone measurement). 

 3.1.2 Procedure. Advertisements provided interested individuals with a phone 

number to call and an email to contact (See Appendix B for advertisement templates 

used). Additionally, the use of a Facebook ad also gave interested women an outlet to 

contact the researchers via messenger. Interested individuals were screened by phone to 

determine eligibility, which included an assessment of age, menstrual bleeding patterns, 

medication usage, depressive symptoms as assessed by the CES-D, and current smoking 

behaviour for the purposes of confirming study eligibility (see Appendix C). Individuals 

deemed eligible to participate were invited to attend an enrollment session.  

 Enrollment sessions. During this session, the researcher provided participants 

with the study summary to look over (See Appendices D and E), confirmed the 
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participant’s eligibility and obtained informed consent (See Appendix F). Relevant 

information regarding the participant’s demographic characteristics was collected. During 

the enrollment session, the Fagerstrom Test for Nicotine Dependence questionnaire (See 

Appendix G) was administered. Participants were also assisted in setting up the 

Expimetrics phone application (where they completed the smoking diary and mood 

questionnaire) and demonstrated how to use it. Participants’ resting blood pressure was 

also assessed as participants with a resting blood pressure above 160/90 mmHg would 

have been encouraged to see their family physician for hypertension treatment and would 

have been excluded from the stress testing portion of the study. Finally, ovulation 

predictor tests and urine collection kits were distributed and instructions on proper 

sample collection were provided. The urine collection kits included icepacks, 22 cups, 12 

syringes (to extract urine from cups), 12 labelled test tubes for urine collection, and 10 

ovulation predictor tests. The order in which participants underwent follicular and luteal 

phase testing was counter-balanced so that half of the participants began their 

participation in the study with the follicular phase, while the other half began with 

ovulation predictor testing and luteal phase testing prior to completing follicular phase 

testing. Therefore, participants were instructed to collect first morning voided urine on 

specific days related to the group they were in and their menstrual cycle (See Appendix H 

and I for weekly sample collection instructions). During the enrollment session 

participants were asked what time they usually woke up so that they could be reminded 

of their daily task (e.g., record in smoking diary or collect urine sample) every day 

through text messages (See Appendix J) 
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Laboratory sessions. Participants returned to the laboratory on two separate 

occasions to undergo the protocol described below, lasting a total of one hour (See 

Appendix K for laboratory session design). One of the laboratory sessions occurred in the 

participants’ mid follicular phase (on the 5th, 6th or 7th day of their menstrual cycle; 

nearing the end of menstruation) and one took place in the late luteal phase (11, 12, or 13 

days post ovulation). Two days before each session, participants were sent a reminder 

email asking participants to refrain from the following: aspirin, ibuprofen, any cold/flu 

medications, blood thinners, antihistamines, alcohol, or epinephrine/norepinephrine 

derivatives (within 24 hours of the lab session), and vigorous exercise and caffeine (on 

the day of the lab session), which may influence their stress response. They were also 

sent a general reminder email the day before their session and a text message the day of 

(See Appendix L for both templates). Participants were asked to smoke at most 60 

minutes prior to the experiment; adherence to this instruction was confirmed by testing 

carbon monoxide (CO) levels. The device used was the piCO™ Smokerlyzer® carbon 

monoxide breath test monitor. CO levels indicating that the participant had smoked 

within the past hour were dependent on the average number of cigarettes that she smokes 

daily. For example, participants who smoked less than a half a pack a day (or 12 

cigarettes) required a CO  level between 7-19 ppm, while participants who reported 

smoking a pack and a half a day required a level between 35 and 50. Participants who did 

not achieve their required level were asked to go smoke before the session began. This 

was to ensure that participants were not in acute nicotine withdrawal during testing (See 

Appendix M for examiner laboratory session instructions).  
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At each laboratory session, the examiner began by going over the TSST checklist 

(See Appendix N) with participants to ensure that they adhered to the instructions so that 

the TSST was done safely and correctly. To assess participants’ physiological responses 

to both the cue reactivity task and the TSST, two devices were connected to the 

participants. The SunTech Tango ® M2 Automated Blood Pressure Monitor was used to 

measure heart rate and blood pressure while the Zephyr™ Strap and BioModule™ device 

measured HRV. HRV was defined as the variation in the time interval between heartbeats 

(Lahiri, Kannankeril, & Goldberger, 2008). Both devices remained on for the duration of 

the laboratory session. HRV was recorded from the beginning of the session (minute 0) 

until the after the last blood pressure reading was recorded. Participants sat quietly for a 

10-minute resting period during which they were offered magazines to peruse. Next, 

participants were instructed to sit quietly with their eyes closed for 5 minutes (to serve as 

a baseline period for HRV). Blood pressure readings were taken at three separate 

occasions (minutes 0, 5, 10, and 15; See Appendix O for blood pressure recording sheet). 

Participants then completed the first Questionnaire of Smoking Urges –Brief (QSU-B; 

See Appendix P), which assesses in-the-moment smoking cravings.  

Participants were then instructed to put on headphones. A pre-recorded voice 

directed them through the smoking cue portion of the task (See Appendix Q for 

instructions), which involved participants manipulating cigarettes and a lighter to mimic 

smoking for 3 minutes. Following the task, smoking cravings were assessed a second 

time using the QSU-B. Participants were also asked to fill out the first emotion rating 

sheet (See Appendix R), which asked on a scale of 0-10 how they feel with respect to the 

following emotional states: happy, stressed, sad, angry, and rejected.  
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Next, for the purposes of provoking psychological stress to later assess stress-

induced smoking cravings, participants underwent the TSST laboratory stress protocol 

involving a public speaking task and an arithmetic task (See Appendix S for all TSST 

speech tasks and Appendix T for all TSST arithmetic tasks). The examiner read the 

speech task instructions to the participant and then administered the second emotion 

rating sheet. Participants were given writing materials and 3 minutes to prepare a 5-

minute speech. The preparation period was done in a separate room in front of 2 

committee members (See Appendix U for committee member instructions). Blood 

pressure readings were taken by the examiner twice during the preparation period (minute 

0 and 1). After the 3 minutes, participants were asked to hand over their notes to the 

examiner and were administered the third emotion rating sheet. Participants then 

delivered their speech to the committee members and blood pressure readings were taken 

twice during the speech (minutes 0 and 3). Participants were instructed to speak for 5 

minutes; if they finished before the end of the 5 minutes, the committee members were 

instructed to question them until they spoke for the full 5 minutes.  

At the end of the speech, participants were read the instructions for the arithmetic 

portion of the task in which they were asked to subtract a 1-digit number from a 4-digit 

number (e.g. 3000 minus 7) and continue to subtract the 1-digit number as quickly and as 

accurately as possible. After being read these instructions, participants were administered 

the fourth emotion rating sheet. This portion of the session lasted 5 minutes. If 

participants made a mistake the committee members asked them to start over again from 

the beginning, and if they went too slowly, the committee members asked them to speed 

up. Blood pressure readings were taken twice during the arithmetic task (minutes 0 and 3) 
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and the fifth emotion rating was administered before the participant left the stressor 

testing room.  

Once back in the first room, participants were given the third QSU-B and the 

examiner took another blood pressure reading once they finished filling it out. 

Participants were then once   again led through the smoking cue reactivity procedure to 

assess stress-induced smoking cravings. Following this, participants were administered 

the fourth QSU-B, the sixth emotion rating sheet, and the post TSST task assessment (See 

Appendix V), and a blood pressure reading was taken a final time.  

Urine collection. On the morning following smoking questionnaire completion, 

as well as on the morning following each laboratory session, participants collected a first-

morning voided urine sample, which was stored in participants’ freezers until study 

completion. Following completion, samples were returned to the laboratory and assayed 

for estrone-3-glucuronide (E1G) and pregnanediol glucuronide (PdG), which are the 

urinary metabolites of estradiol and progesterone, respectively. These metabolites have 

been shown to correlate very highly (rs = 0.93-0.97; O’Connor et al., 2003) with serum 

levels of estradiol and progesterone measured 1 day prior to urine collection. For this 

reason, urine collection occurred the morning following smoking questionnaire 

completion and each laboratory session. 

Ovulation predictor tests. In preparation for the luteal testing phase, participants 

began taking ovulation predictor tests each morning, starting on day 8 of the follicular 

phase, until a positive test was obtained, indicating that ovulation would occur in 

approximately 24 hours.  
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3.2 Materials  

The assessment of hormones, mood, and smoking behaviour took place during 

two phases of the menstrual cycle: the follicular (pre-ovulation) phase and the late-luteal 

phase. 

Hormone assays. E1G was assayed using an enzyme immunoassay (Arbor 

Assays, Ann Arbor, MI), with sensitivity at  22.5 pg/ml. The specificity is high, 

showing  0.1% cross-reactivity with similarly structured compounds. Its cross-reactivity 

with estradiol is somewhat higher, however, at 5%. According to the Arbor Assay, the 

kit’s certified performance under optimal conditions for intra-assay variability is  4-6% 

and the inter-assay variability is  4-7%. The actual intra-assay and inter-assay variabilities 

for E1G were 5.1% and 9.1%, respectively. PdG was also assayed using an enzyme 

immunoassay (Arbor Assays, Ann Arbor, MI), with sensitivity at  0.180 ng/ml. The 

specificity is high, showing  0.2% cross-reactivity with similarly structured compounds. 

Its cross-reactivity with 20--hydroxyprogesterone and 20--hydroxyprogesterone is 

somewhat higher, however, at 45% and 3.2%, respectively. However, the concentration 

of these compounds was expected to be extremely small. Once again, according to the 

Arbor Assay, the kit’s certified performance under optimal conditions for the intra-assay 

variability = 4-6% and the inter-assay variability = 4-7%.  The actual intra-assay and 

inter-assay variabilities for PDG were 6.5% and 16.0%, respectively. 

Smoking diary. The smoking diary (See Appendix W for paper version) required 

participants to record the number of cigarettes smoked over the course of a menstrual 

cycle using the Expimetrics phone application on days 3, 5 and 7 of the follicular phase, 

in addition to days 1, 3, 5, 7, 9, 11 and 13 post-ovulation. Text message reminders were 
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sent out by the researcher to participants to remind them to track their smoking 

behaviour.  

Carbon monoxide detector.  Carbon monoxide levels were assessed using the 

piCO+ Smokerlyzer. A minimum CO level of 7ppm was needed to proceed. As 

mentioned previously, CO levels indicating that the participant had smoked within the 

past hour are dependent on the average number of cigarettes that she smokes daily. For 

instance, if participants smoked less than a half a pack a day (or 12 cigarettes), they 

needed a CO  level between 7-19 ppm, while  participants smoking a pack and a half a 

day would have needed a level between 35 and 50  

Blood pressure and HRV. SunTech Tango ® M2 was used to assess blood 

pressure and the Zephyr™ Strap and BioModule™ device was used to assess heart rate 

and HRV (HRV). Both HR and HRV provide indirect information about autonomic 

nervous system activation. The autonomic nervous system is composed of two branches: 

the sympathetic branch and the parasympathetic branch. The sympathetic nervous system 

(SNS) is responsible for activating the body’s fight-or-flight response to a stressor by 

increasing heart rate, blood pressure, and breathing rate (Kolb & Whishaw, 2001). The 

parasympathetic nervous system (PNS) is responsible for returning the body back to rest 

by reducing HR, blood pressure, and breathing rate, as well as enabling digestion. 

HR. HR is regulated by the sinoatrial node of the heart. This cluster of cells sends 

electrical impulses that cause the heart’s muscles to contract. HR denotes the average 

speed of one’s heartbeat- measured by the contractions of the heart per minute (Lahiri, et 

al., 2008). While the PNS lowers HR, the SNS increases it. Thus, higher HR indicates 
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greater SNS relative to PNS tone whereas a low HR value would indicate dominance of 

the PNS over the SNS (Lahiri et al., 2008). 

HRV. HRV is the amount of variation in the interval of time observed between 

heart beats (Lahiri et al., 2008). Just as HR reflects both sympathetic and parasympathetic 

influence on the sino-artrial node, so does HRV (Lahiri et al., 2008). Activity of the SNS 

and PNS continuously change in response to one’s environment, creating variability in 

the interval of time between heart beats (Lahiri et al., 2008).  

Calculations of HRV can result from time or frequency domain analyses. When time 

domain analyses are used, the standard deviation of N-N interval (SDNN), also referred 

to as the standard deviation of R-R intervals (SDRR), can be computed (Lahiri et al., 

2008). SDNN is simply a calculation of the standard deviation of intervals between 

consecutive normal heart beats. That being said, frequency domain analysis breaks down 

fluctuations of the HR signal at varying frequencies and amplitudes (Lahiri et al., 2008). 

Higher SDNN represents higher parasympathetic activation (Lahiri et al., 2008). While 

SDNN is the standard deviation of R-R, the mean RR can also be calculated; increases in 

mean RR also reflect increase in parasympathetic activity (Lahiri et al., 2008). In contrast 

to time domain analysis, a significant advantage to using frequency domain analysis is 

that its parameters are distinctively influenced by the SNS and PNS (Lahiri et al., 2008). 

For instance, ultra low frequency (ULF), very low frequency (VLF), and low frequency 

(LF) power are influenced by both the SNS and PNS (Lahiri et al., 2008). Nevertheless, 

high frequency (HF) is largely influenced by parasympathetic activity and LF is a strong 

indicator of sympathetic activity (Lahiri et al., 2008). Lastly, LF to HF power provides an 

estimate of the ratio between sympathetic and parasympathetic activity, such that a higher  
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Table 1. HRV variables assessed and whether they reflect primarily parasympathetic or 

sympathetic activation. 

Primarily Parasympathetic Primarily Sympathetic 

Mean RR Higher Mean HR 

RMSSD LF/HF Ratio  

HF-HRV LF-HRV 

SDNN  

Lower Mean HR  
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LF to HF ratio would indicate greater sympathetic relative to parasympathetic activity 

(Lahiri et al., 2008). The root mean square of successive heartbeat interval differences 

(RMSSD) reflects the variations in HR and is primarily used to estimate of 

parasympathetic tone (Shaffer & Ginsberg, 2017). 

Smoking cue. Using an iPod and headphones, a recording provided instructions 

for the smoking cue simulation. For the smoking cue script please refer to Appendix P. 

The smoking cue asked participants to remove a cigarette from the pack, look at the 

cigarette, smell it, and place it in their hand as if they were smoking. It also asked them to 

light the lighter. Items in the smoking cue procedure included the participants’ preferred 

brand of cigarettes and a lighter. Previous research has shown these active cues reliably 

induce craving relative to control cues (Carpenter et al., 2009; LaRowe, Saladin, 

Carpenter, & Upadhyaya, 2007).  

Fagerström Test for Nicotine Dependence (FTND). The FTND (see Appendix 

F) is a standard instrument for assessing the intensity of the physical addiction to nicotine 

(Allen et al., 2009; Carpenter, Saladin, Leinbach, Larowe, & Upadhyaya, 2008; DeVito, 

Herman, Waters, Valentine, & Sofuoglu, 2014; Gray et al., 2009; Mazure, Toll, McKee, 

Wu, & O’Malley, 2011). It includes 6 multiple choice questions. Each answer has a 

corresponding score which is summed to provide an overall dependency score ranging 

from low dependence (score of 1-2) to high dependence (score of 8 or higher; 

Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991).  

 Questionnaire of Smoking Urges – Brief (QSU-B).  The QSU-B (see Appendix 

O) is amongst the most widely-used questionnaires for the assessment of in-the-moment 

cravings (Carpenter et al., 2008; DeVito et al., 2014; Gray et al., 2009). It is a 10-item 
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questionnaire that includes two factors: positive reinforcement (i.e., hedonic craving) and 

negative reinforcement (i.e., withdrawal or reduction of negative affect) (Cox, Tiffany, & 

Christen. 2001).  

3.3 Statistical analysis  

The data were submitted to repeated measures linear regression models using 

PROC MIXED in SAS 9.4, with repeated smoking diary outcomes nested within women 

and repeated craving and physiological outcomes nested within stress testing sessions, 

nested within women. Independent variables of interest included E1G and PdG levels on 

the day of each laboratory session (measured in urine the day after the session) as well as 

E1G and PdG change since the previous measurement (two days before). In all cases, 

hormone levels (E1G or PdG) and hormone change were included as independent 

variables in the same statistical model in an effort to isolate their independent effects. 

Dependent measures of interest included: number of daily cigarettes recorded via a 

smoking diary, self-reported cravings, as assessed by the QSU-B, and HRV reactivity 

during the smoking cue reactivity procedure (calculated as the difference between mean 

HRV during the smoking cue and HRV during the 5-minute eyes closed baseline), 

assessed before and after the laboratory stressor battery. It was hypothesized that a 

greater number of cigarettes smoked, greater increases in cravings to the smoking cue 

task and greater HRV reactivity to the smoking cue task would be associated with the late 

luteal phase as well as greater decreases in E1G and PdG from the previous measurement 

(two days before). It was also hypothesized that the effect of stress testing on cue-induced 

changes in smoking cravings and HRV would be most pronounced in the late luteal 

phase. Secondary exploratory analyses examined baseline nicotine addiction severity as a 
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potential moderator of the relationship between menstrual phase/hormones and smoking 

cue reactivity by examining the interaction between baseline Fagerstrom Nicotine 

Dependency Score and menstrual phase. A Bonferroni correction was applied to 

minimize the experiment-wide error rate, separately for HRV variables and QSU-B 

variables.  

A sample size of 20 was chosen based on power calculations carried out in 

G*Power. Setting power at 0.95 and assuming a moderate correlation between measures 

obtained from the two laboratory sessions (r = 0.5), a sample size of 16 would allow for 

the detection of a medium effect size (η2 = 0.13). A sample size of 20 would allow for 

some missing data.  

3.4 Results 

3.4.1 Participant characteristics  

 Participant characteristics are summarized in Table 1. The sample included 22 

women (M (SD) age = 29(7) years) who smoked an average of 14 cigarettes daily. A 

majority of participants were single, never married, Caucasian, and working full-time. 

Most had at least a high school diploma and approximately half had some university 

education. Participants recorded their smoking and mood with adherence rates of  92% 

and 96%, respectively, and collected 96% of the required urine samples. Though 22 

participants were recruited for the study, one participant was excluded due to an 

excessive amount of missing data and loss of contact. Nineteen of the 21 (91%) follicular 

TSSTs were completed and 17 of the 21 (81%) luteal TSSTs were completed.  
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3.4.2 Evaluation of TSST as an effective stressor 

 In order to establish that the TSST was effective as a psychological stressor, 

cardiovascular responses and subjective emotion ratings were recorded throughout stress 

testing. Systolic blood pressure (SBP) reactivity (M (SE) = 24.5(3.2), t(34) = 7.7, p 

<.0001), diastolic blood pressure (DBP) reactivity (M(SE) = 20.4 (1.9), t(34) = 10.9, p 

<.0001) and heart rate (HR) reactivity (M (SE) = 11.9 (3.4), t (34) = 3.6, p <.01) were all 

found to be significantly greater than 0. TSST-induced increases in subjective stress 

ratings were also significantly greater than 0 (M(SE) = 1.4 (0.5), t (35) = 2.7, p <.01). 

 SBP reactivity (β (SEM) = 0.8 (5.0), p =.88), DBP reactivity (β (SEM) = 3.6 (3.5), 

p =.32), and the increase in subjective stress from baseline (β(SEM) = 0.8 (0.5), p =.12) 

were found to be similar in response to the second TSST that participants underwent 

compared to the first. However, HR reactivity was found to be significantly higher in 

response to the second TSST, β (SEM) = 15.3(6.0), p =.02, when compared to the first.   

 Similarly, SBP reactivity (β(SEM) = -4.2 (4.9), p =.41), DBP reactivity (β(SEM) 

= 0.5 (3.6), p =.88), HR reactivity (β(SEM) = -2.8 (6.9), p =.69) and the increase in 

subjective stress from baseline (β(SEM) = 2.1 (1.6), p =.21) were found to be similar in 

response to the luteal phase TSST when compared to the follicular phase TSST.  

3.4.3 Hormonal variables by menstrual phase 

E1G levels were not significantly different on the day of the follicular phase 

versus on the day of the luteal phase TSST (M(SE) = 49,670 (7,596) vs. 37,171 (7.841), p 

= .22). Similarly, PdG levels on the day of the follicular phase versus on the day of the 

luteal phase TSST did not significantly differ (M(SE) = 1,526 (415) vs. 1,892 (429), p = 

.50). However, E1G change in the follicular phase did significantly differ from E1G 
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change in the luteal phase (M(SE) = 16,493(7,183) vs. -15,624 (7,599), p = .01), as did 

PdG change (M(SE) = 477(442) vs. -1,727(470), p < .01).  
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Table 2. Participant characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable  Mean (SD) or n (%) 
Number of cigarettes/ day 14.1 (4) 
Age 29 (7) 
Ethnicity 

 
 

Caucasian  18 (86%) 

Aboriginal 2 (9%) 

Other 1 (5%) 

Marital Status 

 
Single 14 (67%) 

Divorced 1 (5%) 

Married 3 (14%) 

Cohabitating 3 (14%) 

Highest Level of Education 

 
Some high school 3 (14%) 

High school diploma 8 (38%) 

Some university 6 (29%) 

Bachelor’s degree 4 (19%) 
Gross Household Income 

 

No response 4 (19%) 

Less than 19,999 2 (10%) 
20,000 to 34,999 1 (5%) 
35,000 to 49,999 4 (19%) 
50,000 to 69,999 3 (14%) 
70,000 to 89,999 6 (29%) 

90,000 to 112,999 1 (5%) 
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3.4.4 Effects of the smoking cue on HRV and cravings 

Across both menstrual cycle phases, a significant effect of TSST was seen on 

smoking cravings, as measured using the QSU-B. Specifically, although QSU-B score 

increased in response to both the pre-stress and post-stress cues compared to baseline (ps 

< .0001), post-stress cravings increased significantly more in response to the smoking 

cue administered after the TSST when compared to the cue administered before the TSST 

(M(SE) = 14.2(1.8) vs. 7.6(1.7), p < .0001). With regards to the HRV variables, mean 

RR, RMSSD and HF-HRV did not significantly change in response to the cue (ps > .05) 

and reactivity did not significantly differ before versus after the TSST (ps > .05). 

However, a significant effect of TSST was found for LF/HF reactivity (p = .04) such that 

the LF/HF ratio, largely reflecting sympathetic activation, significantly increased in 

response to the post-stress cue (M(SE) = 1.3(0.5), p = .02) but not the pre-stress cue 

(M(SE) = 0.4(0.5), p = .47). Similarly, a significant effect of TSST was found for SDNN 

reactivity (p < .01) such that SDNN significantly increased in response to the post-stress 

cue (M(SE) = 19.0 (4.2), p < .0001) but not the pre-stress cue (M(SE) = 6.9(4.1), p = .10).  

3.4.5 Menstrual phase and daily cigarettes smoked 

 The effect of menstrual cycle, when split into four phases–early follicular, peri-

ovulatory, mid-luteal and late luteal–on daily number of cigarettes smoked was not 

significant (F(3, 217) = 0.5, p =.70). Similarly, when examining only the number of 

cigarettes smoked on stress testing days, the effect of menstrual cycle phase was non-

significant (F(1, 18) = 0.6, p = .47). 
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3.4.6 Hormone levels and daily cigarettes smoked 

 There was no significant effect of E1G (β (SEM) = 0.1(0.2), p =.60), or PdG level 

(β (SEM) = 0.23(0.23), p =.32), measured in next-day urine, on the number of cigarettes 

smoked.  

 The interaction between Fagerstrom Nicotine Dependency score and E1G level 

(β(SEM) = 0.1(0.1), p =.09) or PdG level (β(SEM) = 0.1(0.1), p =.33) on number of daily 

cigarettes smoked was not significant.  

3.4.7 Hormone change and daily cigarettes smoked 

 The effect of E1G change (β (SEM) = -0.1(0.2), p =.64) and PdG change (β(SEM) 

= 0.1(0.2), p =.63) on number of daily cigarettes smoked was non-significant. Similarly, 

the interaction between Fagerstrom score and E1G change (β(SEM) = -0.0(0.4), p =.89) 

and PdG change (β(SEM) = 0.0(0.1), p =.63) were both non-significant.  
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Table 3. The effect of menstrual cycle phase and the interaction between menstrual cycle 

phase and Fagerstrom score on HRV reactivity and cue-induced craving changes. aA 

negative estimate indicates a lower value in the luteal phase compared to the follicular 

phase. bA negative estimate indicates a more negative relationship between Fagerstrom 

score and the outcome variable in the luteal phase compared to the follicular phase. Using 

Bonferroni corrections to minimize family-wise error rates, P-values <.010 are 

considered statistically significant for HRV outcomes while p-values <.017 are 

considered statistically significant for QSU-B outcomes. 

 

 

 

  

Reactivity 

Variable 

Effect of Menstrual Cycle 

Phase  

(reference = follicular phasea) 

Menstrual Phase X Fagerstrom 

Score Interaction (referenceb = 

effect of Fagerstrom in 

follicular phase) 

 β(SE) p-value β(SE) p-value 

RR -13.1 (19.3) .504 -14.4 (9.7) .148 

RMSSD -7.3 (8.0) .369 -10.3(3.4) .006 

HF-HRV -550.0 (572.4) .347 -810.6 (242.5) .002 

LF/HF Ratio 1.0 (0.9) .271 -0.04 (0.5) .931 

SDNN -7.4 (7.1) .301 -9.2 (3.2) .007 

QSU-B: total 

score 

1.6 (3.7) .847 1.3 (1.0) .181 

QSU-B: hedonic 

cravings subscore 

0.9 (2.7) .857 1.3 (0.8) .094 

QSUB: negative 

reinforcement 

subscore 

-0.9 (1.3) .821  0.2 (0.3) .624 
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3.4.8 The effect of menstrual phase on HRV reactivity & cue-induced craving changes 

 In all cases, no significant interactions between cue timing (before vs. after stress 

exposure) and menstrual phase were found (ps > .05). Furthermore, as seen in Table 3, 

HRV reactivity across the two smoking cues did not significantly differ by menstrual cycle 

phase. However, significant interaction effects between menstrual cycle phase and 

Fagerstrom score on RMSSD, HF-HRV and SDNN reactivity (all largely reflecting 

parasympathetic tone) were observed: in all three cases, the effect of menstrual phase on 

HRV reactivity was stronger with increasing Fagerstrom Nicotine Dependency Score. 

Although Fagerstrom score was treated as a continuous variable in all analyses, it was split 

at the median for illustrative purposes in Figures 2-4; these figures suggest that among 

women high in nicotine dependency, parasympathetic tone is lower in response to the 

smoking cue as compared to baseline when they were in the luteal phase than when they 

were in the follicular phase. In contrast, parasympathetic tone in response to the smoking 

cue was similar across menstrual cycle phases among women low in nicotine dependency. 

 Also as seen in Table 3, which depicts the relative effects of menstrual phase 

among women scoring above versus below the median Fagerstrom score, there was no 

significant effect of menstrual phase on QSU-B scores. The interaction between 

Fagerstrom score and menstrual phase on hedonic cravings approached significance. 

Further investigation revealed a near-significant effect of menstrual phase on cue-induced 

craving increases among women scoring high (above the median) on the Fagerstrom 

Nicotine Dependency Score but not among those scoring low in nicotine dependency.  
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Figure 2. RMSSD(ms) for participants with high and low Fagerstrom scores (based on a 

median split) in the follicular phase and the luteal phase. *p < .05  
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Figure 3. HF-HRV (ms2) for participants with high and low Fagerstrom scores (based on 

a median split) in the follicular phase and the luteal phase. *p < .05  
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Figure 4. SDNN (ms) for participants with high and low Fagerstrom scores (based on a 

median split) in the follicular phase and the luteal phase. **p < .01 
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3.4.9 The Effect of Hormones on HRV Reactivity 

 For the phase-by-Fagerstrom score interactions that were found to be statistically 

significant, the effect of hormone levels and/or hormone change in explaining these 

effects were explored. Although Fagerstrom score was treated as a continuous variable in 

all analyses, Table 4 depicts the relative effects of each hormonal predictor variable 

among women scoring above versus below the median Fagerstrom score. In all cases, 

there were no significant interactions between hormone levels (i.e., E1G and PDG) and 

Fagerstrom score on HRV or smoking craving measures (ps > .05). There were, however, 

significant interaction effects between both E1G and PDG change and Fagerstrom score 

on RMSSD, HF-HRV, and SDNN reactivity. Figures 5-7, which depict the effect of 

hormonal change on HRV reactivity among women below versus above the median 

Fagerstrom score, suggest that women high in nicotine dependency exhibit less 

parasympathetic tone in response to the smoking cue following greater decreases in E1G 

or PdG. Conversely, parasympathetic tone in response to the smoking cue is greater 

following large increases in E1G or PdG. 
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Table 4. The interaction between hormonal predictor variables and Fagerstrom score on HRV reactivity. Estimates reflect the effect of 

1 SD increase in the hormonal variable among women above the median Fagerstrom score compared to those below the median. Thus, 

positive values indicate a stronger positive relationship between the hormonal variable and HRV outcome among women with high 

Fagerstrom scores. Using Bonferroni corrections to minimize family-wise error rates, P-values <.017 are considered statistically 

significant. 

Reactivity Variable E1G level X Fagerstrom ΔE1G X Fagerstrom 

 

PDG level X Fagerstrom  ΔPDG X Fagerstrom 

 

 β (SE) p value β (SE) p value β (SE) p value β (SE) p value 

Δ RMSSD 15.0 (8.9) .51 27.6 (9.2) <.001 10.1 (12.8) .03 36.5 (24.4) <.0001 

Δ HF-HRV 1,101.5 (671.5) .61 1,698.9 (916.5) <.001 507.6 (495.9) .02 1674.8 (1687.5) <.0001 

Δ SDNN 7.47 (8.9) .63 32.0 (10.7) .026 13.5 (7.1) 0.168 39.6 (22.5) 0.005 
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Figure 5. Δ RMSSD (ms2) by baseline Fagerstrom Nicotine Dependency Score (split at the median) and change in A) E1G or B) PdG. 

E1G/PdG “increase” or “decrease” are defined as the top and bottom tertile of hormonal change, respectively. *** p < .001 
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Figure 6. Δ HF-HRV (ms2) by baseline Fagerstrom Nicotine Dependency Score (split at the median) and change in A) E1G or B) PdG. 

E1G/PdG “increase” or “decrease” are defined as the top and bottom tertile of hormonal change, respectively.  *** p < .001 
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Figure 7. Δ SDNN (ms2) by baseline Fagerstrom Nicotine Dependency Score (split at the median) and change in A) E1G or B) PdG. 

E1G/PdG “increase” or “decrease” are defined as the top and bottom tertile of hormonal change, respectively.*** p < .001 
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CHAPTER FOUR 

Discussion 

The current research project aimed to clarify the hormonal mediator underlying 

the increases in smoking behaviour that previous research has observed in the late luteal 

phase of the menstrual cycle. Furthermore, it aimed to test the hypothesis that stress-

induced smoking cravings may be most pronounced in the late luteal phase, thus 

explaining increases in smoking during this time. With these goals in mind, 21 female 

smokers underwent a smoking cue reactivity task prior to and following exposure to a 

psychosocial laboratory stressor battery during two phases of their menstrual cycle: the 

mid-follicular phase and late luteal phase. Both subjective cravings and physiological 

responses to the cue reactivity task were measured. With a focus on hormone levels and 

change, participants were also asked to collect 12 urine samples over the course of one 

menstrual cycle to allow for the measurement of E1G and PdG, the respective urinary 

metabolites of estradiol and progesterone. Based on previous research, it was 

hypothesized that the late luteal phase as well as greater decreases in E1G and PdG, 

would be associated with more intense cravings and physiologic responses to the 

smoking cue reactivity task as well as greater self-reported daily smoking. Additionally, 

it was hypothesized that the luteal phase as well as greater decreases in E1G and PDG 

would be associated with larger laboratory stress effects on responses to the smoking cue 

reactivity task. 

4.1 The Effect of Menstrual Cycle Phase on HRV Reactivity and Smoking Cravings 

 First examining the effect of menstrual cycle phase on responses to the smoking 

cue: while HRV and smoking cravings did not differ by menstrual cycle phase in the full 
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participant sample, a significant interaction between menstrual phase and baseline 

nicotine dependency was found such that only highly nicotine dependent women showed 

a phase-related change in how they responded to the smoking cue task. Namely, highly 

nicotine-dependent women tended to show greater parasympathetic activity in response 

to the smoking cue during the follicular phase (as suggested by greater RMSSD, SDNN, 

and HF-HRV) when compared to the luteal phase whereas no such phase effect was seen 

among less nicotine dependent women. Highly addicted women also tended to exhibit 

greater increases in hedonic smoking cravings in the luteal phase, although the phase-by-

Fagerstrom score interaction did not reach significance. Furthermore, this phase effect in 

highly addicted women appeared to be largely driven by the decreases in E1G and PdG 

that are characteristic of the late luteal phase, as evidenced by significant interactions 

between hormonal change and Fagerstrom score on HRV outcomes.   

The observation that, in less nicotine dependent women, parasympathetic tone 

increases in response to smoking cue presentation is consistent with the only study of 

which the author  is aware that has examined HRV in response to a smoking cue task. 

Erblich, Bovbjerg, and Sloan (2011) exposed 98 nicotine dependent smokers to both a 

guided imagery of a neutral cue (i.e., changing a lightbulb) and a smoking cue (i.e., 

lighting up a cigarette after a meal) while continuously collecting HRV. In line with our 

findings, significant effects of cue type on HRV were found such that time domain 

SDNN and HF-HRV (both primarily reflective of parasympathetic tone), was 

significantly higher in response to the smoking cue imagery when compared to the 

neutral cue imagery. Thus, the highly addicted women in our sample exhibited what 

appears to be an “abnormal” physiological response to the presentation of a smoking cue 
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during the luteal phase: one that is characterised by lower parasympathetic tone (i.e. the 

“rest and digest” branch of the autonomic nervous system) and increased smoking 

cravings. 

The magnitude of the increase in smoking cravings observed in the current study 

following the smoking cue task appears to be in line with that observed in previous 

research. In the current study, QSU-B score increased by 7 points in response to the pre-

TSST smoking cue and increased by 14 points in response to the post-TSST smoking 

cue. A study by LaRowe and colleagues (2007) examined the influences of a smoking 

cue versus a neutral cue presentation on smoking cravings in male smokers over four 

repeated laboratory sessions and found that cravings increased in response to the smoking 

cue from baseline by approximately 8.5 points.  

 Although the administration of the TSST did result in greater cue-induced 

cravings overall, the effect of the TSST on cue-induced cravings was not significantly 

greater during the luteal phase, as hypothesized. Instead, among highly nicotine-

dependent women, the luteal phase was associated with over all lower HRV during the 

smoking cue compared to rest and tended to be associated with greater hedonic cravings 

in response to the smoking cue across both the pre- and post-TSST administrations, when 

compared to the follicular phase. These findings suggest that the luteal phase may be a 

time when highly nicotine dependent women show a greater propensity towards smoking 

but that this effect does not appear to be driven by an increased sensitivity to stress.  

  To the author’s knowledge, two studies have examined menstrual cycle effects 

on subjective cravings and/or physiological responses to a smoking cue task, 

administered in the laboratory. The first, a study conducted by Franklin and colleagues 
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(2004), had 109 treatment-seeking smokers rate their smoking cravings before and 

immediately after watching a 15-minute video of a man going about his day, with scenes 

of smoking, cigarettes, and various smoking cues. Results from the study indicated that 

women in the follicular phase reported significantly fewer cravings than women in the 

luteal phase. The second study, by Gray et al. (2009), exposed women to four laboratory 

sessions, each coinciding with either the early follicular, mid-follicular, mid-luteal, or late 

luteal phase. High HR and skin conductance, both of which largely reflect sympathetic 

autonomic tone, as well as smoking cravings via the QSU-B, were assessed before and 

after a smoking cue. Although smoking cravings tended to be higher in the early and mid-

follicular phase, this effect was no longer significant when controlling for reactivity to 

neutral cues. Skin conductance was found to increase most in response to the smoking 

cue during the mid-follicular phase. These results are somewhat contradictory with the 

current study’s: while our findings found the mid-follicular phase to be associated with 

greater parasympathetic tone in response to a smoking cue, the findings of Gray et al. 

suggest that the mid-follicular phase is associated with greater sympathetic tone in 

response to such a cue. While it is difficult to say why our findings and those of Gray and 

colleagues are contradictory, one possibility may relate to Gray and colleagues’ failure to 

counterbalance the administration of the smoking cue by menstrual cycle phase; as a 

consequence, all participants underwent the smoking cue task for the first time in the 

early follicular phase and for the fourth time in the late luteal phase. This methodological 

limitation may explain the inconsistency between their findings and those of other 

studies, including their finding that cravings tended to increase more in the follicular 
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phase; participants may have habituated to the cue by the late luteal phase, as they had 

been exposed to it three times already.   

4.2 The Effect of Estradiol and Progesterone change on HRV Reactivity and 

Smoking Cravings 

 Our findings suggest that menstrual cycle effects on cue reactivity may be driven 

by the drop in estradiol and progesterone fluctuation that is characteristic of the late luteal 

phase. Highly addicted women, in particular, appear to be more sensitive to smoking cues 

following reproductive hormone withdrawal. These results are largely consistent with the 

study by Schiller and colleagues (2012) that had women attend two identical laboratory 

sessions during which they were allowed to smoke ad libitum for one hour, while a 

smoking topography device recorded details about smoking behaviour. A blood draw was 

used to determine serum estradiol and progesterone levels. Results of the study suggested 

that greater decreases in either hormone from the first to the second session was 

associated with increased smoking behaviour. Further research is needed to clarify the 

mechanisms by which estradiol and progesterone withdrawal may promote smoking 

behaviour; however, as discussed in the introduction, decreased GABAergic tone 

resulting from structural changes to the GABAA receptor, triggered by allopregnanolone 

(ALLO) withdrawal, is one potential mechanism. Indeed, given that GABA is known to 

modulate parasympathetic influences on the heart (Pagani et al., 1987), decreased 

GABAergic tone as a mechanism underlying the effect of greater hormonal flux on 

smoking cravings and/or behaviour would be consistent with our observation that 

parasympathetic tone in response to a smoking cue is reduced in some women.  
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 While our findings of increased physiological craving in the late luteal phase and 

following greater hormonal withdrawal is consistent with Schiller and colleagues (2012) 

findings, effects in the current study were only seen in women with higher nicotine 

dependency. Upon further review of the sample and methodology of the study by Schiller 

and colleagues, this inconsistency is difficult to explain. Though Schiller and colleagues 

did not examine high versus low nicotine dependent women, both studies recruited 

female smokers who smoked 10 or more cigarettes a day, and both examined nicotine 

dependency using the Fagerstrom Nicotine Dependency Scale and had similar average 

scores, 4.8 and 5.0 for Schiller et al. and the current study, respectively. One possibility 

may be that the study by Schiller et al. which involved considerably more participants 

than the current study (98 versus 21), had higher statistical power to detect an effect in 

the full sample, which may have been driven primarily by the highly dependent 

participants. In any case, the finding that highly nicotine dependent women are more 

sensitive to smoking cues when in the luteal phase has important real-life implications. 

For instance, our results suggest that highly addicted women will experience a stronger 

physiological reaction and greater cravings whenever they are exposed to smoking cues.  

Past research has found that the luteal phase is a time of increased susceptibility to 

smoking. Similarly, the current study found that the late luteal phase was a time of 

increased cravings and cardiac responses to smoking cues. Though these findings 

highlight time points in which smoking may increase they could also inform women of 

ideal times to quit smoking. As smoking relapse often occurs within the first eight days 

post-cessation, it would seem appropriate for smokers to plan their quit dates so that their 

first 8 days would coincide with times of decreased vulnerability (Hughes, Keely, & 
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Naud, 2004). Such research examining the effects of menstrual phase on smoking 

cessation has identified that better cessation outcomes are achieved when quit dates 

correspond with the follicular phase. Specifically, Franklin and colleagues (2008) 

randomized treatment-seeking female smokers receiving an 8-week NRT and behavioural 

intervention to begin treatment either in the follicular phase or the luteal phase. 

Participants’ smoking status was examined on the third day post-cessation and at 1-week 

post-treatment. Results of the study revealed that at day 3, 52% of the women assigned to 

the luteal phase and 19% of women assigned to the follicular phase, reported smoking, 

respectively. This trend of increased smoking relapse among luteal quitters was also 

observed at the 9-week assessment with 71% of luteal group reporting smoking as 

compared to 31% of the follicular group. While these findings are consistent with the 

idea that the luteal phase is a time of increased vulnerability to smoking, other studies 

examining menstrual phase effects on smoking relapse have found contradictory results. 

For instance, a study conducted by Allen, Bade, Center, Finstad, and Hatsukami (2008) 

found that 84% of women in the follicular phase had relapsed 14 days post-cessation in 

comparison to 65% who relapsed in the luteal phase group. Findings from our study, 

which suggest that the effect of cue induced cravings across menstrual cycle phase may 

differ in women who are lower versus higher in nicotine dependence, suggest that 

examining participant level of dependency as a moderator of cycle effects on smoking 

relapse may help to clarify these inconsistencies in the literature. Given that exposure to 

estradiol and progesterone fluctuation may underlie these cycle effects on smoking 

relapse, studies examining hormone measurements in relation to smoking relapse may 

also yield more consistent findings. 
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 The finding that smoking cravings increased significantly more following the 

administration of the TSST highlights the important role of psychosocial stress in the 

maintenance of addiction and is consistent with previous research finding that acute stress 

exposure in the laboratory has been found to increase smoking behaviour (Buchmann et 

al., 2008; Colamussi, Bovbjerg, & Erblich, 2007; Erblich, Boyarsky, Spring, Niaura, & 

Bovbjerg, 2003). One study by Childs and de Witt (2010) used an interesting approach in 

which participants were led through two laboratory sessions (one of which exposed 

participants to the TSST and one involving a non-stressful control task). Following each 

task, participants remained in the laboratory for an additional 2 hours, during which time 

they were given the option to either smoke or earn money every 15 minutes. Their study 

results supported past research finding that stress significantly increases smoking 

cravings, however, it did not increase smoking. Furthermore, this result was found even 

when nicotine dependency was controlled for, which is consistent with the current 

study’s findings.   

4.3 E1G and PDG decrease and Daily Cigarettes Smoked 

While our findings support the hypothesis that E1G and PdG withdrawal would 

increase smoking cravings and decrease parasympathetic activation to smoking cues, this 

increased sensitivity in the lab did not translate into greater cigarettes smoked, as 

measured with the smoking diaries. Indeed, research examining the responses to smoking 

cues as a predictor of smoking behaviour has been inconsistent. A review by Perkins 

(2011) examining the effect of cue reactivity on smoking relapse among quitters found 

that out of six studies, four studies found no association between cue-induced smoking 

cravings and cessation outcomes, and of the two that found significant effects, their 
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findings were contradictory. Waters et al. (2004) found that higher cravings in response 

to a smoking cue predicted more difficulty initiating abstinence and a greater risk of 

relapse. On the other hand, Powell, Dawkins, West, Powell, and Pickering (2010) found 

greater cue-induced cravings predicted an improved ability to quit. While this sounds 

counter-intuitive, the authors suggested that the dopaminergic activity of more dependent 

smokers may be less active, and may explain why those who are less responsive during 

the cue may experience greater challenges quitting. Conversely, less dependent smokers 

may show a greater increase in cravings during laboratory testing due to increased 

dopamine activity in response to cues, but better chances of smoking cessation simply 

because they are less dependent smokers. This proposed explanation is supported by 

research finding that greater cue reactivity is associated with lower dependence (Watson, 

Carpenter, Saladin, Gray, & Upadhyaya, 2010). Thus, the failure to observe a clear link 

between cue-induced cravings and actual smoking may require a more careful 

examination of nicotine dependence as a moderator. In the context of the current study, it 

may also be that although the luteal phase is associated with altered responses to a 

smoking cue in a controlled laboratory setting, other environmental factors would need to 

be taken into account when trying to detect increased self-reported smoking. For 

example, financial constraints, environmental constraints (e.g. can’t smoke at work), 

motivation to regulate smoking behavior (e.g. for health reasons) may play a role in 

determining whether increased cravings experienced in the late luteal phase translate into 

a greater number of cigarettes smoked. 

Potential reasons for this may relate to the imprecision of the diary measurement. 

While all participants reported smoking at least ten cigarettes per day upon enrolment, 
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few consistently reported this amount using the diary. This suggests that participants may 

have encountered problems recording their daily smoking such as simply forgetting, 

technical problems with the app, access to Wi-Fi, or insufficient battery life of one’s 

cellphone. Another possible explanation may relate to a decrease in smoking due to 

monitoring their cigarettes smoked throughout the diary.  

4.4 Limitations and Strengths 

 While these results provide a greater understanding of how stress and ovarian 

hormones influence smoking behaviour, they should be considered in light of several 

limitations. The first limitation relates to the way in which participants were recruited. A 

majority of this study’s participants were recruited through the use of online 

advertisement. This introduces a possibility of the self-selection bias in which only 

interested and motivated individuals will reach out. Likewise, it limits the sample to 

include those with access to the internet and social media, potentially limiting how 

representative the current study’s sample is of all female smokers. A second limitation 

relating to our participant sample relates to the exclusion criteria. Of the 70 women who 

contacted us in regards to the study, over half were ineligible due to reasons such as the 

use of birth control, depressive symptoms, use of mood stabilizing medications, and 

irregular menses (i.e., due to recently giving birth or perimenopause). While it is logical 

to exclude participants based on criteria that could negatively impact research, the study’s 

overall generalizability may have been limited because of this. Third, replacing the 

smoking diary, which relies on participant self-report, with an automated mechanism that 

counts the number of cigarettes smoked per day may have improved our ability to detect 

an effect of menstrual cycle on daily smoking. A smoking topography device, such as the 
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one used by Schiller et al. (2012), measuring puff intensity and weight of cigarette 

smoked may also be better suited to detect differences in nicotine exposure that are not 

captured by number of cigarettes smoked.  Fourth, there is a limitation in the time 

between the pre and post TSST smoking cues. Though the time between the two cues was 

only 18 minutes, acute withdrawal could have accounted for the changes in cardiac 

responses and smoking craving instead of the manipulation of stress. While this certainly 

is a limitation, the procedure was the same in both the luteal and follicular laboratory 

sessions. One possible way to overcome this would have been to include a control group 

that underwent luteal and follicular laboratory sessions that had participants engage in a 

non-stressful task instead of the TSST procedure (i.e., 15 minutes), thus controlling for 

the passage of time.  Fifth, although the current study’s use of counterbalancing to ensure 

that half of the participants began with the follicular phase TSST and the other half began 

with the luteal phase TSST is a strength, it remains the case that women beginning with 

the follicular phase TSST had fewer days between stress testing sessions compared to 

those women beginning with the luteal phase. However, the fact that administration 

number was not significantly related to stress reactivity suggests that this issue was not an 

important confounding factor. Lastly, the study’s non-significant effect of hormone 

change or menstrual phase on self-reported number of cigarettes smoked may relate to 

our small sample size and insufficient statistical power to detect an existing menstrual 

cycle effect.  

 Despite these limitations, this study was the first to examine the effects of ovarian 

hormones on cue-induced cravings and HRV in women. Its measurement of ovarian 

hormones at 12 time points over the course of a month also allowed for the measurement 
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of both hormone levels and change. The current study is also the first to test the 

hypothesis that increased sensitivity to stress may underlie the increased smoking 

behavior that is typically observed in the late luteal phase. Another strength includes the 

fact that the menstrual phase in which testing first occurred was counterbalanced, 

ensuring that any cycle effects observed were not due to smoking cue or stress testing 

habituation.  

4.5 Conclusion 

 In conclusion, highly addicted women exhibit an altered physiological response to 

smoking cues and tendency towards increased cravings during the late luteal phase and 

these menstrual effects appear to be driven by the estradiol and progesterone withdrawal 

that is characteristic of the late luteal phase. Furthermore, this increased cue sensitivity in 

the luteal phase does not appear to be driven by an increase in stress-induced cravings as 

there was no phase by pre/post TSST interaction. By clarifying the interaction between 

stress and hormonal factors impacting women’s smoking cravings, the current study not 

only provides a better understanding of the female experience as it relates to addictive 

behaviours, but it may also inform the development of effective smoking cessation 

treatment plans specifically tailored to women. For instance, the use of hormonal 

contraceptives reduces the cyclic fluctuations of ovarian hormones, and therefore may 

attenuate the likelihood of smoking behaviour in the late luteal phase. By educating 

women of the influence of hormonal fluctuations, this research could inform women of 

ideal times to quit smoking. Furthermore, the implementation of stress management 

training during time periods in which women would be vulnerable to biological triggers 

could help reduce smoking urges and the likelihood of relapse. Therefore, it is 
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recommended that future studies examine the mechanisms by which stress and ovarian 

hormones influence smoking and also investigate the efficacy of hormonal contraceptives 

and/or stress management for women seeking smoking cessation treatment. 
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Appendix B Kijiji and Used Regina Advertisement Write Up 
 
 

The University of Regina is conducting a study on women who smoke regularly to 

examine the relationship between hormones, mood and smoking cravings.  
 

 

WE ARE LOOKING FOR WOMEN WHO:  
 

1) Smoke at least 10 cigarettes per day  

2) Are between 18 and 45 years of age  

3) Have regular menstrual cycles 

4) Are not currently taking oral contraceptives or hormone therapy  
 

 

You may qualify for a research study providing up to $150 in compensation.  
 

 

This is a 1-month study involving three 1-hour in-person sessions and at-home tasks that 

are expected to take approximately 2 hours total. For more information, please call 

Ashley at (306) 201-9425 or email ethier 3a@uregina.ca.  
 

 

This study is conducted by Jennifer Gordon, Ph.D., University of Regina, Department of 

Psychology.  
 

 

This advertisement was approved by the University of Regina Research Ethics Board. 

 
 
Facebook Advertisement Write Up 
 

 

If you are a regular smoker (10+ cigarettes/day), ages 18-45, have regular menstrual 

cycles, and are not taking hormonal contraceptives, you may qualify for a research study 

at the University of Regina on hormones and cigarette cravings. Receive $150 in 

compensation for one month of participation! Message us with your contact information 

for more details!  

 

Photo to be Used in Avertisements 
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Are you interested in participating in 
research on hormones and smoking 

behaviour? 

 

 
 

 

You may qualify for a 1-month long research study compensating $150!  
 

This is a 1month study involving three 1 hour in-person sessions and at-home 
tasks that are expected to take approximately 2 hours total. 

 
If interested, please call Ashley at 306-201-9425 or email Ashley at 

ethier3a@uregina.ca for more informa 

 

Appendix 

C: Phone 

Screen 

A Research Study for Female Smokers 18 – 45 
Do you smoke? 

Are you not using hormonal contraceptives? 

 

We Need Women Who Are: 
 

1) Smokers, ages 18 to 45 years  

2) Regular menstrual cycles 

3) Not currently taking the pill 
or hormones 

 
 

 
 

Study investigators: Jennifer Gordon, Ph.D., & Ashley Ethier, University of 
Regina 

This study has been approved by  
the Research Ethics Boards of the University of Regina 
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Date of Phone Screen:__________________                                        Screening 

ID#__________ 

Phone Screen 
I’m going to ask you a few questions and you should understand that you don’t have to answer any of these 

questions if you don’t feel comfortable doing so, and that everything we discuss is strictly confidential. This 

interview could take up to 10-15 minutes. So I have to formally ask you: do you consent to participate in the 

telephone interview?  Yes / No        

 

 

A. First, I am going to start off with some questions about your medical history  

 
 Answer Eligibility Info: 

What is your age?  18-45 

What prescription 

medications do you take or 

have you taken in the last 

month?   

If yes, 

Rx: 

Dose: 

Frequency: 

Purpose: 

 

Rx: 

Dose: 

Frequency: 

Purpose: 

 

Rx: 

Dose: 

Frequency: 

Purpose: 

 

*Exclusionary: anti-depressants, 

anti-anxiety meds or other 

psychotropic meds, blood pressure 

medications, hormonal birth control, 

smoking cessation aids. 

 

 

Do you use any herbal 

supplements?  

 No if it affects mood 

Do you use birth control or 

any form of hormonal 

supplements? 

If Yes, what form? 

 

 

No.  

Are you pregnant or nursing?   No 

Are you currently in therapy 

for depression?  

 No 

Do you have a history of or currently suffer from the following medical 

conditions? If yes, when? 

Bipolar disorder?  No 

Psychotic disorder?  No 

Alcoholism or drug 

addiction? 

 No 

 

 

 

  

B. Assessment of Menstrual Cycle: 
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1. Please describe what your menstrual bleeding patterns have been like in the past 

twelve months.  

(*Need to have regular monthly cycle* Make sure to ask cycle length (number of 

days*). 

_____________________________________________________________________     

 

2.  What was the start date of your most recent menstrual period? ___________________ 

 

C. Depressive Symptom Assessment (CES-D score must be <16). 

I’m going to list some ways you may have felt or behaved. Please indicate how often you 

have felt this way during the past week. 
 

During the past week… Rarely or 

none of the 

time 

(less than 1 

day) 

Some or 

a little of  

the time  

(1-2 

days) 

Occasionally 

or  

a moderate 

amount of 

time (3-4 

days) 

All of  

the time  

 

(5-7 days) 

1. I was bothered by things that usually don’t 

bother me 
0 1 2 3 

2. I did not feel like eating; my appetite was 

poor 
0 1 2 3 

3. I felt that I could not shake off the blues 

even with help from my family  
0 1 2 3 

4. I felt that I was just as good as other people 0 1 2 3 

5. I had trouble keeping my mind on what I 

was doing 
0 1 2 3 

6. I felt depressed 0 1 2 3 

7. I felt that everything I did was an effort  0 1 2 3 

8. I felt hopeful about the future 0 1 2 3 

9. I thought my life had been a failure 0 1 2 3 

10. I felt fearful 0 1 2 3 

11. My sleep was restless 0 1 2 3 

12. I was happy 0 1 2 3 

13. I talked less than usual 0 1 2 3 

14. I felt lonely 0 1 2 3 

15. People were unfriendly 0 1 2 3 

16. I enjoyed life 0 1 2 3 

17. I had crying spells 0 1 2 3 

18. I felt sad 0 1 2 3 

19. I felt that people disliked me 0 1 2 3 

20. I could not get “going” 0 1 2 3 

Total CES-D Score:  ________ 
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If her score is 16 or above, she is not currently eligible for the study. In this case, say/do 

the following:  

 “Unfortunately, it seems that you are experiencing a high number of depressive 

symptoms, which would exclude you from participating in our study at this time. 

However, if you would like, I could give you some information about the 

resources that are available to you should you want to get some help.”  

 Provide with information from the “Mental Health Resources” sheet.  

 “Would it be alright if someone from our research team contacted you in about a 

week from now just to check in and see how you’re doing?” 

 Tell Jennifer about the participant so that she can call them back to check in. 

 If they are reporting any suicidal ideation, follow the instructions on the “Suicidal 

Ideation SOP” 

 

 

 

Scoring the CES-D  

 

For items 1-3, 5-7, 9-11, 13-15, 17-20 the scoring is: 

• Rarely or none of the time (less than one day) = 0 

• Some or a little of the time (1-2 days) = 1 

• Occasionally or a moderate amount of time (3-4 days) = 2 

• Most or all of the time (5-7 days) = 3 

 

 

 Items 4, 8, 12, 16 are reverse scored as follows: 

 • Most or all of the time (5-7 days) = 0 

 • Occasionally or a moderate amount of time (3-4 days) = 1 

• Some or a little of the time (1-2 days) = 2 

• Rarely or none of the time (less than one day) = 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PHONE SCREEN IDENTIFIABLE INFORMATION  

(To be removed and shredded following Phone Screen) 
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Name:  

Phone Number (c): 
 

Phone Number (w): 
 

Phone Number (h): 

 

Email Address:  

Mailing Address:  

Date of Birth:   

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D: Enrollment session summary group 1 
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Enrolment Session Study Summary  

 

This study is recruiting women aged 18-45 who have regular menstrual cycles, 

are not currently using hormonal contraceptives and are regular smokers. The 

goal of the study is to understand how hormone changes across the menstrual 

cycle affect smoking cravings and behaviour. 

 
 
= Urine samples                                              = Smoking Diary M = Day 1 of the menstrual cycle          DPO = Days post ovulation 

 

On two days of your cycle, you will be asked to come to the laboratory at the 

University of Regina to undergo a 1-hour session during which you will undergo a 

mock job interview and math task in front of a panel of judges. We will also ask 

you to manipulate a lighter and pack of cigarettes. During this session, we will 

monitor your cardiovascular response.  

 

At home you will be asked to collect your first morning urine, complete a daily 

record of the cigarettes you smoked, complete a brief mood questionnaire and 

use ovulation predictor tests to identify when in your cycle you are most likely 

ovulating. The exact timing of these events will depend on the date of your next 

menstrual period. As soon as we know that date, we will send you a table 

outlining the exact dates on which all of the study components will occur. You will 

also receive regular email or text reminders of the task that is coming up the 

following day. 

 

You will be compensated $150 when you complete all parts of the study.  

I want to emphasize that your participation in this project is completely voluntary. 

You are not obligated to participate and if you do decide to participate, you are 

free to withdraw from the study at any time.  
 

Appendix E: Enrollment session summary group 2 
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Enrolment Session Study Summary  

This study is recruiting women aged 18-45 who have regular menstrual cycles, 

are not currently using hormonal contraceptives and are regular smokers. The 

goal of the study is to understand how hormone changes across the menstrual 

cycle affect smoking cravings and behaviour.  

 

 

= Urine samples                                              = Smoking Diary             M = Day 1 of the menstrual cycle         DPO = Days post ovulation 

On two days of your cycle, you will be asked to come to the laboratory at the 

University of Regina to undergo a 1-hour session during which you will undergo a 

mock job interview and math task in front of a panel of judges. We will also ask 

you to manipulate a lighter and pack of cigarettes. During this session, we will 

monitor your cardiovascular response.  

At home you will be asked to collect your first morning urine, complete a daily 

record of the cigarettes you smoked, complete a brief mood questionnaire and 

use ovulation predictor tests to identify when in your cycle you are most likely 

ovulating. The exact timing of these events will depend on the date of your next 

menstrual period. As soon as we know that date, we will send you a table 

outlining the exact dates on which all of the study components will occur. You will 

also receive regular email or text reminders of the task that is coming up the 

following day. 

You will be compensated $150 when you complete all parts of the study.  

I want to emphasize that your participation in this project is completely voluntary. 

You are not obligated to participate and if you do decide to participate, you are 

free to withdraw from the study at any time.  

Appendix F: Participant consent form 



 

88 
 

     Participant Consent Form 
   
Project Title: The influence of hormonal fluctuation on stress induced smoking cravings 
in reproductive-aged women 
        
Researcher(s):  
 
Ashley Ethier, Department of Psychology, University of Regina, 306-585-4992, 
ethier3a@uregina.ca  
 
Jennifer L. Gordon, Department of Psychology, University of Regina, 306-585-4389, 
Jennifer.gordon@uregina.ca  
 
Laurie Sykes Tottenham, Department of Psychology, University of Regina, 306-585-4194, 
laurie.sykestottenham@uregina.ca  
 
Tory Eisenlohr-Moul, Department of Psychiatry, University of North Carolina 
 
 
Purpose(s) and Objective(s) of the Research:  
Smoking negatively impacts one’s health, yet 18% of Canadians continue to smoke. 

Reasons for smoking differ between the sexes, with women using smoking as a form of 

stress relief more often than men. Additionally, female smokers attempt to quit less often 

than men and are less likely to maintain abstinence. Research has suggested that hormone 

changes across the menstrual cycle may be the cause. The aim of this study is to examine 

the impact of hormones and stress on smoking behaviour in women.  

Procedures:  
 
Your involvement in this study will include the following: 
 
1. Enrollment: The first visit generally takes place in our laboratory and lasts 

approximately 1 hour. During this visit, you will: 

 Complete questionnaires about your medical history, your mood and your 
menstrual cycle. You do not have to answer any questions that you do not want 
to.    

 Be provided with items and information about the activities involved in the 
study.  
 

2. Laboratory Sessions: During two 1-hour visits that will take place in our 

laboratory – one early in your menstrual cycle and one late in your cycle - you 

will: 

mailto:ethier3a@uregina.ca
mailto:Jennifer.gordon@uregina.ca
mailto:Jennifer.gordon@uregina.ca
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 Breathe in a breathalyzer-type device that will ensure that you have smoked 45-60 

minutes prior to the beginning of the laboratory session. 

 Wear a strap around your chest and a blood pressure cuff to monitor your heart 

rate and blood pressure throughout the entire laboratory session. 

 Have your heart rate and blood pressure measured during the following 

conditions: 1) While you rest; 2) While you manipulate a box of cigarettes and 

lighter; 3) While you prepare to be interviewed for a job you are asked to apply 

for; 4) While you are interviewed for the job – you will be tape and video-

recorded during this interview; 5) While you subtract a number from a larger 

number as fast and as accurately as possible for 5 mins, and 6) While you once 

again manipulate a box of cigarettes and lighter. 

 

3. Smoking Diary and Urine Collection: on twelve specified days throughout your 

menstrual cycle, you will be asked to complete questionnaires about your smoking 

habits. The next day, you will collect a urine sample at home first thing in the 

morning, which will be used to measure your levels of the sex hormones estrogen and 

progesterone.  

 

4. Ovulation Predictor Tests: for roughly a week you will be asked to take an at-home 

ovulation predictor test daily, until a positive test is achieved. This is done so we can 

identify what phase of the menstrual cycle you are in.  

 

5. Biological Sample Pickup and Storage: The urine samples collected throughout your 

participation in the study will be stored in the laboratory of the study’s researchers, Drs. 

Gordon and Sykes Tottenham, in a locked freezer. Only the study’s researchers and other 

key faculty and research personnel associated with this project are authorized to access 

this freezer. Before your samples are stored, they will be assigned an identification code, 

catalogued, and labeled.  The label that accompanies your stored sample will indicate the 

name of the research study, and your study identification code.  The electronic file that 

links your study code to any personal information (e.g. your name) will be maintained 

separate from your samples on a secured, password protected computer drive.  We wish 

to store your samples indefinitely so that Dr. Gordon may investigate as-of-yet 

undetermined research questions.  Please indicate by initialing below if you are willing or 

not willing to allow the researchers of this study to store your urine samples for future 

analysis. You may participate in the overall study even if you are unwilling.   

 ____ I agree to for you to store my urine samples for future analysis  

 ____ I do NOT agree for you to store my urine samples for future analysis 

 
Please feel free to ask any questions regarding the procedures and goals of the study or 
your role. 
 
Funded by: University of Regina Research Cluster Grant 
Potential Risks:  
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 Parts of the laboratory sessions (i.e., doing the interview and the mental math task 

in front of 2 people) may result in psychological distress. Usually this distress will 

go away on its own relatively quickly. 

 If at any time throughout your participation in the study, you feel you require 
the services of a mental health professional because of any psychological distress 
you might be experiencing, do not hesitate to contact the study personnel; they 
will provide you with a list of mental health resources in your area.  
 

Potential Benefits: Research is designed to benefit society by gaining new knowledge 
about smoking cravings. You will not benefit personally from being in this research 
study. 
 
Compensation: You will be receive $150 for completing the study in full compliance, 
prorated as follows: 

$ 20 for the enrollment visit 
$ 80 for all of the surveys and urine samples 
$ 25 for each laboratory session ($50 total) 

 
Confidentiality:  

 No subjects will be identified in any report or publication about this study.  

 Your privacy and confidentiality will be protected by the use of ID numbers only 
and by securing all study files in a locked room and/or password-protected 
electronic file.   

 A separate electronic, password protected file linking your study ID number to 
you name and other identifying information will be kept separate from any study 
data and will be destroyed at the end of the study.   

 Only the researchers will have access to your identifiable information.  
 
Right to Withdraw:   

 Your participation is voluntary and you can answer only those questions that you 
are comfortable with. You may withdraw from the research project for any 
reason, at any time without explanation or penalty of any sort. 

 Should you wish to withdraw, we will keep the data collected up until your 
withdrawal, unless you specify that you would like to have your data destroyed, 
in which case we will do so.  

 Your right to withdraw data from the study will apply for the month following 
the collection of that data. After this time, it is possible that some form of 
research dissemination will have already occurred; however, your data can be 
withheld from future forms of dissemination.  

 
 
 
 
Follow up:  
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 To obtain results from the study, please visit http://www2.uregina.ca/bnr-spit-
labs/  
 

 
Questions or Concerns:  

 Contact the researcher(s) using the information at the top of page 1; 

 This project has been approved on ethical grounds by the UofR Research Ethics 
Board. Any questions regarding your rights as a participant may be addressed to 
the committee at (585-4775 or research.ethics@uregina.ca).  Out of town 
participants may call collect.    

 
 
Your signature below indicates that you have read and understand the description 
provided; I have had an opportunity to ask questions and my/our questions have been 
answered. I consent to participate in the research project. A copy of this Consent Form 
has been given to me for my records. 
 
    

Name of Participant  Signature  
 
____________________________ 
Date 
 
______________________________      _______________________ 
Researcher’s Signature   Date 
 
A copy of this consent will be left with you, and a copy will be taken by the researcher. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G: Fagerstrom Test of Nicotine Dependence 

 

mailto:research.ethics@uregina.ca
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1. How soon after you wake do you smoke your 

first cigarette? 

Within 5 minutes  

 

5-30 minutes 

 

31-60 minutes 

2. Do you find it difficult to refrain from 

smoking in places where it is forbidden, such 

as the library, theatre or doctors' office? 

Yes 

 

 

No 

3. Which cigarette would you hate most to give 

up? 

First in the morning 

 

 

Any other 

4. How many cigarettes per day do you smoke? 

10 or less 

 

11-20 

 

21-30 

 

31 or more 

5. Do you smoke more frequently during the 

first hours after awakening than during the 

rest of the day? 

Yes 

 

 

No 

6. Do you smoke even if you are so ill that you 

are in bed most of the day? 

Yes 

 

 

No 

                                                          
Subject ID:__________  Date__________           Total Score: ________ 
 

Appendix H: Enrollment Packet Group 1 
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DEPARTMENT OF PSYCHOLOGY 

Menstrual Cycle Smoking Study 
Regina, Saskatchewan Canada S4S 0A2 
Phone: (306) 201-9425 
E-mail: ethier3a@uregina.ca 

  
 

Dear _________, 
 
Thank you for agreeing to participate in our study! Below is a brief overview of 
the study components. The exact dates on which the following procedures occur 
will depend on the date of your next menstrual period. It is therefore very 
important that you contact us on the first day of your next menstrual period so 
that we can give you more precise information on the exact timing of the 
following tasks. 
 

1. On twelve specific days over your next menstrual cycle, we will ask you to 
record the cigarettes you smoke on the smoking diary provided from the 
time you wake up until the time you go to bed. You will also complete a 
short mood questionnaire between 6 and 9 p.m. 

 
2. On twelve specific days over your next menstrual cycle, we will ask you to 

collect a sample of your first morning urine and store it in your home 
freezer (see “Urine Collection Instructions” for more details).  

 
3. Starting on day 8 of your next menstrual cycle, we will ask you to use an 

ovulation predictor test each morning until a positive test is achieved 
(usually within 6-7 days). Once you obtain a positive test, it is very 
important that you let us know by phone, text or email.  
 

4. On two specific days of your cycle – once early in your cycle and once late 
in your cycle - you will be asked to come into the lab for an in-person 
session. Details of the lab session will be discussed and reminder emails 
will be sent out.  

 
5. Once you have collected your last urine samples, we will contact you to 

arrange shipping of your urine samples to our laboratory. Once we receive 
your samples, a check for up to $150 will be mailed to you. 

 
Please do not hesitate to contact us at (306) 201-9425 or ethier3a@uregina.ca if 
you have any questions.  
 
Sincerely, 

 
Ashley Ethier 

mailto:psychology.dept@uregina.ca
mailto:ethier3a@uregina.ca
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Study Design 
 
 

 
 

= Urine samples 
 

 = Smoking Diary 

 
        M = Day 1 of the menstrual cycle 
       DPO = Days post ovulation 
 

 Ovulation predictor tests until positive 
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Instructions for Urine Collection 
 
You have the following equipment for collecting urine samples:  

 A tray containing 12 small plastic tubes – the week associated 
with each tube is indicated on the side and cap. 

 12 plastic cups for collecting urine  

 12 disposable syringes for transferring urine from the cup to the 
plastic tubes 

 
Using this equipment, please follow these instructions on dates 
discussed on the following page.  
 

1) First thing in the morning, go to the restroom and urinate in one 
of the plastic cups provided. 
 

2) Using one of the syringes provided, fill the plastic tube for that 
week, leaving a little empty space at the top (the urine will 
expand when frozen). 

 
3) Re-cap the tube – push down on the cap until you hear a 

“snap”.   
 

4) Replace the tube on the plastic tray provided, replace the 
plastic cover on the tray and keep the tray in your household 
freezer (not the fridge).  

 
5) Keep the urine samples in the freezer until you’ve completed 

the entire study, at which time we will arrange for a courier 
service to pick the urine samples up at your house. 
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Instructions for Ovulation Testing 
 

You will be given more ovulation sticks than you will probably need. 
Do not discard any unused sticks—save them and bring them back with you to 

the next study visit. 
 

Preparing the test: 
1. Remove the test from the foil wrapper. 
2. Remove the orange cap 

 
 
Performing the test: 
 

 
Test first thing in the morning. It is important that you have not urinated for at 
least 4 hours prior to testing so that urine is concentrated enough. If your 
urine is not concentrated enough, the test may not be able to detect 
ovulation! We recommend testing the first time you urinate in the morning to 
make sure we don’t get a false negative. 
 
Urinate into one of the clean cups provided. 

1. Dip half of the absorbent pad into your collected urine sample for 10 
seconds.  

2. Re-cap the device and wait for 3 minutes (until color bands appear)  
 

 

 

Reading the results: (See picture 3 above for example) 
3. Read results at the 3-minute point (Do not read after 5 minutes).  
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 LH Surge (Positive Test): If two colored bands are visible, and the test 
band (T line) is equal to or darker than the control band (C line), then the 
test is positive. 

 
If the ovulation test is positive – please text a photo of the test results 
to (306-201-9425) as soon as possible. Once you’ve done this, it’s okay to 
throw away the used test stick.  

 
 

 No LH Surge (Negative Test):  If only one color band appears on the 
control region, or the test band appears but is lighter than the control 
band. This means the test is negative.  

 
 If this is the result, then you have not begun your LH surge (LH surge is 
the  indicator that you will be ovulating within 24-36 hours). You should 
continue  daily testing. 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Once you have a positive result, study staff will work with you in  
regards to your at-home task schedule and your lab sessions.   
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Appendix I: Enrollment Packet Group 2 

 

DEPARTMENT OF PSYCHOLOGY 

Menstrual Cycle Smoking Study 
Regina, Saskatchewan Canada S4S 0A2 
Phone: (306) 201-9425 
E-mail: ethier3a@uregina.ca 

  
 

Dear _________, 
 
Thank you for agreeing to participate in our study! Below is a brief overview of 
the study components. The exact dates on which the following procedures occur 
will depend on the date of your first positive ovulation test. It is therefore very 
important that you contact us on the day you obtain a positive test so that we can 
give you more precise information on the exact timing of the following tasks. 
 

1. Starting on day 8 of your next menstrual cycle, we will ask you to use an 
ovulation predictor test each morning until a positive test is achieved 
(usually within 6-7 days). Once you obtain a positive test, it is very 
important that you let us know by phone, text or email.  
 

2. On twelve specific days over your next menstrual cycle, we will ask you to 
record the cigarettes you smoke on the smoking diary provided from the 
time you wake up until the time you go to bed. You will also complete a 
short mood questionnaire between 6 and 9:00 p.m. 

 
3. On twelve specific days over your next menstrual cycle, we will ask you to 

collect a sample of your first morning urine and store it in your home 
freezer (see “Urine Collection Instructions” for more details).  
 

4. On two specific days of your cycle – once early in your cycle and once late 
in your cycle - you will be asked to come into the lab for an in-person 
session. Details of the lab session will be discussed and reminder emails 
will be sent out.  

 
5. Once you have collected your last urine samples, we will contact you to 

arrange shipping of your urine samples to our laboratory. Once we receive 
your samples, a check for up to $150 will be mailed to you. 
 

 
Please do not hesitate to contact us at (306) 201-9425 or ethier3a@uregina.ca if 
you have any questions.  
 
Sincerely, 
Ashley Ethier 

mailto:psychology.dept@uregina.ca
mailto:ethier3a@uregina.ca
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Study Design 
 

 

 
 
 
 
 
 

 
= Urine samples 

 
 = Smoking Diary 
 

        M1 = Day 1 of the menstrual cycle 
       M8 = Day 8 of the menstrual cycle 
       DPO = Days post ovulation 
 

 Ovulation predictor tests until positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

100 
 

Instructions for Urine Collection 
 
You have the following equipment for collecting urine samples:  

 A tray containing 12 small plastic tubes – the week associated 
with each tube is indicated on the side and cap. 

 12 plastic cups for collecting urine  

 12 disposable syringes for transferring urine from the cup to the 
plastic tubes 

 
Using this equipment, please follow these instructions on dates 
discussed on the following page.  
 

6) First thing in the morning, go to the restroom and urinate in one 
of the plastic cups provided. 
 

7) Using one of the syringes provided, fill the plastic tube for that 
week, leaving a little empty space at the top (the urine will 
expand when frozen). 

 
8) Re-cap the tube – push down on the cap until you hear a 

“snap”.   
 

9) Replace the tube on the plastic tray provided, replace the 
plastic cover on the tray and keep the tray in your household 
freezer (not the fridge).  

 
10) Keep the urine samples in the freezer until you’ve 

completed the entire study, at which time we will arrange for a 
courier service to pick the urine samples up at your house. 
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Instructions for Ovulation Testing 
 

You will be given more ovulation sticks than you will probably need. 
Do not discard any unused sticks—save them and bring them back with you to 

the next study visit. 
 

Preparing the test: 
3. Remove the test from the foil wrapper. 
4. Remove the orange cap 

 
 
Performing the test: 
 

 
Test first thing in the morning. It is important that you have not urinated for at 
least 4 hours prior to testing so that urine is concentrated enough. If your 
urine is not concentrated enough, the test may not be able to detect 
ovulation! We recommend testing the first time you urinate in the morning to 
make sure we don’t get a false negative. 
 
Urinate into one of the clean cups provided. 

4. Dip half of the absorbent pad into your collected urine sample for 10 
seconds.  

5. Re-cap the device and wait for 3 minutes (until color bands appear)  
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Reading the results: (See picture 3 above for example) 
6. Read results at the 3-minute point (Do not read after 5 minutes).  

 

 LH Surge (Positive Test): If two colored bands are visible, and the test 
band (T line) is equal to or darker than the control band (C line), then the 
test is positive. 

 
If the ovulation test is positive – please text a photo of the test results 
to (306-201-9425) as soon as possible. Once you’ve done this, it’s okay to 
throw away the used test stick.  

 
 

 No LH Surge (Negative Test):  If only one color band appears on the 
control region, or the test band appears but is lighter than the control 
band. This means the test is negative.  

 
 If this is the result, then you have not begun your LH surge (LH surge is 
the  indicator that you will be ovulating within 24-36 hours). You should 
continue  daily testing. 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Once you have a positive result, study staff will work with you in  
regards to your at-home task schedule and your lab sessions.   
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Appendix J: Daily text message reminder templates 

 

 

Hi ________, 
  
This is a reminder to record the cigarettes you smoke using the 
Expimetrics app today. Remember to record all cigarettes smoked.  
   
Thank you! :) 
Ashley Ethier  
 
 
 
 
Hi ________, 
  
This is a reminder to collect your first voided urine sample this morning.  
   
Thank you! :) 
Ashley Ethier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix K: Study and Laboratory Session Design 
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Study Design (Group 1) 
 

  
      

 
= Urine samples 

 
 = Smoking Diary 

   
       M = Day 1 of the menstrual cycle 
       DPO = Days post ovulation 
 

 Ovulation predictor tests until positive 
 

Study Overview: 
 Enrollment session (In person, 1.5-2 hours) 

o Overview of the study 

o Consent form 

o Explain urine collection procedures 

o Interview about psychiatric history 

o Smoking Questionnaires 

 Smoking Diary and Urine Collection (from home) 

o Reminder by email 

o Smoking diary 

o Urine collection the following morning  

 Laboratory Sessions 

o Smoking cue 

o Laboratory Stressor 

 Speech preparation, speech, and arithmetic 

 Urine sample pickup 

 Compensation 

o $150 check sent by mail following receipt of urine samples 

 

 

Study Design (Group 2) 
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= Urine samples 

 
 = Smoking Diary 
 

        M1 = Day 1 of the menstrual cycle 
       M8 = Day 8 of the menstrual cycle 
       DPO = Days post ovulation 
 

 Ovulation predictor tests until positive 
 

 

Study Overview: 
 Enrollment session (In person, 1.5-2 hours) 

o Overview of the study 

o Consent form 

o Explain urine collection procedures 

o Interview about psychiatric history 

o Smoking Questionnaires 

 Smoking Diary and Urine Collection (from home) 

o Reminder by email 

o Smoking diary 

o Urine collection the following morning  

 Laboratory Sessions 

o Smoking cue 

o Laboratory Stressor 

 Speech preparation, speech, and arithmetic 

 Urine sample pickup 

 Compensation 

o $150 check sent by mail following receipt of urine samples 

Laboratory Session Design 
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Appendix L: TSST Email and text Reminder templates 
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Email Templates 

 

Email to be sent two days before each lab session. 

 

Hi ___________ 
 

This is just a reminder that your (first, second etc.) laboratory testing session is on 

(date) at (time). I will meet you in front of the elevators of the Research and 

Innovation Center building, same as last time. 

  

Below are some general instructions to follow before the laboratory session: 
 

 For the 24 hours before your lab, it is very important that you AVOID: 
-Aspirin, Ibuprofen, any cold/flu medications (especially ones that contain 

Pseudoephedrine), blood thinners, antihistamines, or Epinephrine/Norepinephrine 

derivatives 

     -Alcohol 
 

 On the day of your lab, it is important that you AVOID: 

     -Vigorous exercise 

     -Dresses and sports bras (we will need to put electrodes on your upper body) 

     -Caffeine, this includes coffee, tea, sodas and energy drinks! 

        -Exception: if you are a regular coffee drinker, you may have 1 cup before 

8:00 a.m. 
 

 Other Important Guidelines: 

     -Eat a healthy breakfast and lunch on the day of your lab 

     -Get at least 6 hours of sleep the night before your lab 
 

Thanks, 

See you ________ ! :) 

 

Ashley Ethier 

University of Regina 

 

 

Email to be sent out the day before each lab session 

 

Hello ______, 

  

This is just a reminder that your (first, second etc.) laboratory testing session 

is tomorrow, (date and time). I will meet you in front of the elevators of the 

Research and Innovation Center building, same as last time. 

  

Thanks, 

See you tomorrow! :) 
Ashley Ethier 

Appendix M: TSST examiner procedure 
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Participant ID: _______________ 

Examiner Stress Testing Protocol – TSST #___ 

Baseline (Room A - 15 minutes) Time _____________ 
Check if participant needs to go to the restroom.  

Use Smokerlyzer to determine CO levels  

 CO Levels:  (<1/2 a pack 7-19)  (1 pack -  20-35)  (1 ½ - 35-50)  (2 pack 

– 50+)             

                                                                                                                                              

Level:  __________ 

- Turn on the monitor 

- Attach breath sampling D-piece and new SteriBreath mouth piece 

(Participants will have their own stored in a plastic baggy). 

- Press the breath test icon 

- Get participant to inhale and hold breath for the 15 second count down 

- During last 3 seconds (Beep indicator) hand monitor to participant 

- Have them breathe into mouth piece, slowly, emptying the lungs 

- Press Home button, remove mouth pieces and turn off. 

            Administer the Fagerstrom Test for Nicotine Dependence (ONLY AT FIRST 

TSST) 

Have the participant sit and go over the TSST checklist with the participant. 

To participant: “I’m now going to place a blood pressure cuff on your arm.  

Place blood pressure cuff on non-dominant arm, above the elbow crease, make 

sure it is tight but not too tight. Get them to move arm and ask if will stay in 

place, adjust accordingly.  

 

Throughout today’s session, you will feel the blood pressure cuff periodically 

inflate – when you do, please try to keep your arm as still as possible until the 

cuff is fully deflated.” 

 

“I’m now going to ask you to place this heart rate strap on yourself. It must go 

on your left side (Participants Left), directly under your bra, with the puck (the 

inserted round disc) being on your ribs aligned with your armpit. Make sure it 

is snug.”  

 

Leave the room, close the door while they put it on. 

Turn on blood pressure monitor (The on button is on the back of the monitor 

screen) 

 

Make sure blood pressure monitor is on NON-Exercise Mode (Orange mode) 

not DKA mode. To do this, push the button with the green and orange stick 

man, it will ask you if you want to switch select yes by pushing the button with 

the 3 lines. 

To participant: “I will now ask you to sit quietly in this chair. You’re welcome 

to take a look at any of the magazines we’ve provided on the table here.” 
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Before leaving the room, push the puck on the heart rate strap (Once you see the 

lights come on, it is on, it takes a bit of pressure). Make sure you push it at the 

same time that you start the stop watches, trying to get them synced as closely 

as possible (specifically the main one that you will having going the whole 

duration of the experiment).  

Leave and close the door. [Start timer]. Activate the BP monitor (for minutes 0, 

5, 10) 

Enter at the 10 minute mark and say “for the remainder of the time, could you 

please close your eyes and sit quietly). BP at 15.  

Return to room and present the Questionnaire of Smoking Urges – Brief (QSU-

B) #1 

Smoking Cue 1 (3 minutes) Time _____________ 
- Bring over tray (with cigarettes and lighter hidden under box) 

- Hand participant the headphones and iPod (recording is cued up, it is the 

only file on the iPod and it is labeled “Smoking.’) 

- Ask participant to push play once examiner leaves the room and follow 

the instructions 
- “Wait until I leave before pushing play.” [Start Timer for 3 minutes] 

            Leave, close the door and return in 3 minutes 

Return, administer the QSU-B #2 a second time and the emotion rating sheet #1 

Have participant sit back down and read: “Your task in this experiment is to 

assume the role of a job applicant who is invited for a personal interview with 

the company’s staff managers who serve as the selection committee.  After a 

preparation period, you should introduce yourself to the committee and 

convince them that you are the perfect applicant for the vacant position.  The 

position you are interviewing for is your “ideal job“– so in other words, you 

can imagine you are interviewing for any position you want.  In contrast to a 

real interview, however, you are asked to give a speech as your job application. 

After the speech the managers may ask additional questions.  They will listen 

for 5 minutes as you explain why you think that you would be the best candidate 

for this position. The selection committee members are specially trained to 

monitor nonverbal behavior. Your performance will therefore be tape- and 

video- recorded for later analysis of your performance. However, first we will 

give you 3 minutes to prepare what you would like to say. You will be given a 

pencil and paper for you to outline or make notes about your speech, but you 

will not be able to refer to this during your speech.”    (DIFFERENT EACH 

TIME) 

Present participant with the emotion rating sheet #2 (Preprep), have her circle 

her answers 

To the participant: “Please follow me.” Take the participant to Room B 

Stress (Room B - 15 minutes) Time _____________ 
To the participant: “Here are the members of your committee. Remember your 

task is to convince the members of your committee that you are the best 



 

110 
 

candidate for your ideal job. Take note of the microphone and videocamera, 

which will be recording your performance.”  (CHANGE EACH TIME) 

Give participant pencil & clipboard. Leave the room, start timer with committee 

member after they say “You may now begin your preparation.” Record time 

above. Start the BP monitor (preparation minutes  1)  

Listen outside the door and when you hear a committee member say “Your 

preparation period is now over. Hand your notes over to Tianna“ enter and 

present the participant with emotion rating #3 sheet (Prespeech), then leave 

room and start timer with committee member after they say “You may now 

begin your speech.” Activate BP monitor (set for speech minutes 0, 3) 

When you hear a committee member say “It is now time for the serial 

subtraction test. I will give you a number to start from and then ask you to 

subtract a number from that original number and then continue to subtract that 

same number, saying aloud the answers until you get to zero”, enter and present 

the participant with emotion rating sheet #4 (Premath), then leave the room and 

start timer after committee member says “subtract the number # from #### as 

quickly and accurately as possible.” Activate the BP monitor (set for minutes 0, 

3)  

Recovery  Time _____________ 
When you hear a committee member say “Ok, that is the end of the serial 

subtraction task” Activate BP Monitor. Enter and have the participant rate 

emotions on the emotion rating scale #5 (Rec1) 

Lead participant back to Room A. Have participant fill out QSU-B #3 and 

emotion rating scale #6 (Rec 2). 

Smoking Cue 2 (Room B -  3 minutes) Time _____________ 

- Bring over tray (with cigarettes and lighter hidden under box) 

- Hand participant the headphones and iPod (recording is cued up) 

- Ask participant to push play once examiner leaves the room and follow 

the instructions 

Leave, close the door and return in 3 minutes 

Return, administer the QSU-B #4 and emotion rating scale #7 (Rec 4) and post TSST 

ratings 

Remove ECG and blood pressure cuff, remind the participant to collect her urine 

sample the following morning; confirm the date of the next TSST. Activate BP monitor 

one last time.  

 

End of Session Time _____________ 

 

 
 

 

Appendix N: TSST checklist 
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Participant ID: _____________   TSST #:_______  

 

TSST Checklist: 

Did you eat lunch today?  YES  NO 

Did you exercise today?   YES  NO 

Did you have caffeine today (cutoff = 1 cup by 8:00 a.m.)?  YES   NO  

  If yes, how much? _______ What time? _______  

Have you had alcohol in the past 24 hours?  YES   NO  

  If yes, how much? _______ What time? ______ 

Have you taken any medications in the last 24 hrs?     YES             NO  

  If so, what did you take? _______________________________  

Have you been sick recently?  YES  NO 

How much sleep did you get last night? ____________ 

What time did you wake up this morning? ____________ 

What is the start date of your most recent menstrual period? ______________  

 

 

 

 

 

 

 

 

 

 

 

 

Appendix O: Blood pressure recording sheet 
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        Systolic BP Diastolic BP Heart Rate 
 

 

Baseline                                         (Time HR monitor ___________) 
 

    Min 0    

    Min 5    

    Min 10    

 

Eyes Closed Baseline                        (Time HR monitor ___________) 

     Min 15    

 

 

STRESS Prep                                  (Time HR monitor ___________) 
 

    Prep min 1    

 

STRESS Speech                              (Time HR monitor ___________) 

    Speech min 0 
   

    Speech min 3    

 

STRESS Math                                 (Time HR monitor ___________) 

    Math min 0    

    Math min 3    

 

Recovery                                        (Time HR monitor ___________) 

    Min 0    

End of Session                               (Time HR monitor ___________) 

    

 

Date: _______________ 
Participant ID#: ______________      Laboratory Session #: _____ 

 

Appendix P: QSU-B 
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Questionnaire on smoking urges (QSU) (1=strongly disagree to 7=strongly agree)  

1. I have a desire for a cigarette right now                     1   2    

3   4   5   6   7 

2. Nothing would be better than smoking a cigarette right now 1   2    3   4   5   6   7 

3. If it were possible I would probably smoke now   1   2    3   4   5   6   7 

4. I could control things better right now if I could smoke                1  2    3    4   5   6   

7 

5. All I want right now is a cigarette                                    1   2   3   

4   5   6   7   

6. I have an urge for a cigarette                                                  

 1   2   3   4   5   6    7 

7. A cigarette would taste good now                          1   2    3    4   5   

6   7   

8. I would do almost anything for a cigarette now                1   2    3   4   5   

6    7 

9. Smoking would make me less depressed                     1    2   3   4   

5   6   7      

10. I am going to smoke as soon as possible                                       1   2   3   4   5   6    7 

 

 

Participant ID: _____________    TSST #:_____ 

 

Appendix Q: Smoking script 
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Smoking (in vivo) cue script (3 Minutes)  

 

This portion of the study will use a pack of the participants preferred brand of cigarettes 

and a lighter. These items will be placed on a tray and covered. Using headphones, 

participants will hear prerecorded instructions. These instructions will be as follows: 

 

 Hello, the session is about to begin. There is a tray in front of you. Please 

remove the box covering the tray. In front of you is a lighter and a pack of 

cigarettes. Do not light the cigarette at any point as this is a non-smoking 

building. 

 Please open the cigarette pack. Remove a cigarette. Look at the cigarette. 

Hold the cigarette in your fingers as if you were smoking. Take a puff of 

the cigarette as if you were smoking. Smell the cigarette. 

 Please take the lighter in your hand. Light the lighter. Again, please do not 

light the cigarette at any point as this is a non-smoking building. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix R.  Emotion rating 
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How do you feel right now? 
 

 

 

 

Participant ID: ___________________  TSST # : ____________________ 
 

 

Appendix S: TSST speech tasks 
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Speech Tasks 

 

Lab #1  

Your task in this experiment is to assume the role of a job applicant who is invited for a 

personal interview with the company’s staff managers who serve as the selection 

committee. After a preparation period, you should introduce yourself to the committee 

and convince them that you are the perfect applicant for the vacant position. The position 

you are interviewing for is your “ideal job“– so in other words, you can imagine you are 

interviewing for any position you want. In contrast to a real interview, however, you are 

asked to give a speech as your job application. After the speech the managers may ask 

additional questions. They will listen for 5 minutes as you explain why you think that you 

would be the best candidate for this position. The selection committee members are 

specially trained to monitor nonverbal behavior. Your performance will therefore be tape- 

and video- recorded for later analysis of your performance. However, first we will give 

you 3 minutes to prepare what you would like to say. You will be given a pencil and 

paper for you to outline or make notes about your speech, but you will not be able to refer 

to this during your speech.  

 

Lab #2  

Your task in this experiment is to assume the role of an employee who is requesting a 

raise. You are presenting the reasons why you think you deserve a raise to your 

company’s board of directors. After a preparation period, you should address these 

committee members and convince them that you should get the requested raise. The job 

for which you are requesting the raise can be your actual position, a job you held in the 

past, or you can imagine any position you want. You are asked to address the committee 

in a speech to convince them to give you the raise. The committee will listen for 5 

minutes as you explain why you think that you should get the raise you are asking for. 

After the speech the committee may ask additional questions. The selection committee 

members are specially trained to monitor nonverbal behavior. Your performance will 

therefore be tape- and video- recorded for later analysis of your performance. However, 

first we will give you 3 minutes to prepare what you would like to say. I will give you a 

pencil and paper for you to outline or make notes about your speech, but you will not be 

able to refer to this during your speech.  

 

 

 

 

 

 

 

 

 

 

 

Appendix T: TSST Arithmetic Tasks 
 
 

TSST #1 Arithmetic SCORING SHEET 
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Committee Member B: “It is now time for the serial subtraction task. Start with 
the number 2000 and serially subtract the number 7 from 2000 as quickly and 
accurately as possible. [Start timer at  the same time as Ashley]” 
 

If subject makes a mistake: “STOP – MISTAKE – START OVER AT 2000, 

PLEASE!“ 

Should the participant slow down, say “PLEASE GO FASTER”   

2000 1818 1636 

1993 1811 1629 

1986 1804 1622 

1979 1797 1615 

1972 1790 1608 

1965 1783 1601 

1958 1776 1594 

1951 1769 1587 

1944 1762 1580 

1937 1755 1573 

1930 1748 1566 

1923 1741 1559 

1916 1734 1552 

1909 1727 1545 

1902 1720 1538 

1895 1713 1531 

1888 1706 1524 

1881 1699 1517 

1874 1692 1510 

1867 1685 1503 

1860 1678 1496 

1853 1671 1489 

1846 1664 1482 

1839 1657 1475 

1832 1650 1468 

1825 1643 1461 
After 5 minutes [Stop timer]: “Ok, that is the end of the serial subtraction task” 

TSST #2 Arithmetic SCORING SHEET 
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Committee Member B: “It is now time for the serial subtraction task. Start with 
the number 3000 and serially subtract the number 8 from 3000 as quickly and 
accurately as possible. [Start timer at the same time as Ashley]” 
 
If subject makes a mistake: “STOP – MISTAKE – START OVER AT 3000, 

PLEASE!“ 

Should participants slow down, say “PLEASE GO FASTER”   

3000 2792 2584 

2992 2784 2576 

2984 2776 2568 

2976 2768 2560 
2968 2760 2552 

2960 2752 2544 
2952 2744 2536 

2944 2736 2528 
2936 2728 2520 

2928 2720 2512 

2920 2712 2504 
2912 2704 2496 

2904 2696 2488 
2896 2688 2480 

2888 2680 2472 

2880 2672 2464 
2872 2664 2456 

2864 2656 2448 

2856 2648 2440 
2848 2640 2432 

2840 2632 2424 
2832 2624 2416 

2824 2616 2408 

2816 2608 2400 
2808 2600 2392 

2800 2592 2384 
 
After 5 minutes [Stop timer]: “Ok, that is the end of the serial subtraction task” 

Appendix U: Committee member protocol 
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Committee Member Stress Testing Protocol 

 
Committee Member A: After the examiner delivers the instructions and leaves 
the room: “You may now begin your preparation [Start timer].” 
 
Committee Member A: After 3 minutes [Stop timer]: “Your preparation period is 
now over. Hand your notes over to ______ (Ashley).“ 
 
[RA enters, presents participant with emotion rating sheet] 
 
Committee Member B: [Turn on the camcorder and audio recorder] 
 
Committee Member A: “Speak clearly into the microphone. You may now begin 
your speech.” [Start timer] 
  
Committee Member B: If participant finishes early: “You still have some time 
left. Please continue!” 
 
Committee Member A & B: If participant finishes again before 5 minutes is up, 
stare, silent, for 20 seconds. Then, begin systematic questioning: 
 

Committee Member B: What are your shortcomings?  

Committee Member A: Do you have enemies? Why or why not?  

Committee Member B: What does your family think about you? 

Committee Member A: What do you think about team work?  

 
Committee Member A: At minute 5 [Stop timer], say “Ok, that is the end of the 
5-minute speech time.” 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix V: Post TSST ratings 

 
Speech Task Assessment Scale 
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Indicate on each of the scales below, by filling in a box on the number line, your 

experience during the preceding speech task. 

Not Difficult 

           Very 

Difficult 0 1 2 3 4 5 6 7 8 9 10 

 

Able to 

Concentrate 

           Not Able to 

Concentrate 0 1 2 3 4 5 6 7 8 9 10 

 

Indicate on the scale below, by filling in the box on the number line, how much effort you 

put into the preceding speech task. 

Very Low 

Effort 

           Very High 

Effort 0 1 2 3 4 5 6 7 8 9 10 

 

 

Arithmetic Task Assessment Scale 

 

Indicate on each of the scales below, by filling in a box on the number line, your 

experience during the preceding arithmetic task. 

Not Difficult 

           Very 

Difficult 0 1 2 3 4 5 6 7 8 9 10 

 

Able to 

Concentrate 

           Not Able to 

Concentrate 0 1 2 3 4 5 6 7 8 9 10 

 

Indicate on the scale below, by filling in the box on the number line, how much effort you 

put into the preceding arithmetic task. 

Very Low 

Effort 

           Very High 

Effort 0 1 2 3 4 5 6 7 8 9 10 

 

 

Appendix W. Smoking Diary 
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Smoking Diary 

 

Date: 

Time Awoke: 

 
 

Time 

of 

Smoke 

What was I 

doing?  

How was I 

feeling? 
(e.g., sad, 

angry, 

stressed, 

scared, etc.) 

Need (1-5) 
1- Could have done without 

it 

5- Desperate 

Enjoyment (1-5) 
1- Hated it 

5- Loved it 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 

  
 

1       2       3       4       5 1       2       3       4       5 


