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Abstract 
Introduction: Approximately half of premenopausal women who smoke cigarettes also use 
hormonal contraceptives, with most using oral contraceptives (OCs). While research on the 
effects of endogenous hormones on smoking-related outcomes continues to expand, little is 
known about the influence of OCs on similar outcomes. We sought to explore differences in the 
subjective response to nicotine by OC use after stratifying by testing condition (e.g., smoking 
status). 
 
Methods: Participants were regular (≥5 cigarettes/day) smokers, classified into OC and naturally 
cycling (NC) groups. All participants completed four total lab sessions by smoking status (ad 
libitum smoking, acute smoking abstinence) and anticipated progesterone level (low 
progesterone week (LPW), high progesterone week (HPW)). Each lab session included self-
administration of intranasal nicotine (Time 0 minutes), assessment of subjective response via 
the Subjective State Scale (-30 and +5 minutes). 
 
Results: Compared to the NC group (n=28), the OC group (n=14) was younger (26.2±1.1 versus 
24.2±1.1; p <0.001) and had a lower Fagerström Test for Nicotine Dependence score (3.4±0.5 
versus 2.6±0.5; p=0.011). Progesterone-to-estradiol ratios varied significantly by group at three 
of the four time points (p<0.05). During ad libitum smoking, the OC group had significantly lower 
craving after nicotine administration than the NC group (1.93±0.33 versus 2.89±0.23; p=0.024). 
No other significant differences in subjective response were identified. 
 
Conclusions: Despite significantly different hormone levels, group differences in subjective 
response to nicotine were relatively few. Additional research is needed to elucidate the 
mechanisms involved in these observations, as well as explore how they may influence 
cessation in women. 
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1. Introduction 

Although smoking poses a substantial threat to the health and longevity of both women 

and men, women experience additional risk factors that do not affect men, such as pregnancy-

related complications and early menopause.1 Moreover, women are also more likely to relapse 

to smoking from a quit attempt (for meta-analysis, see Smith et al 2). Therefore, developing 

smoking cessation interventions that are designed to address the unique needs of women is of 

great public health importance.   

An expanding literature has related sex hormones to smoking-related outcomes, 

specifically the neuroactive ovarian hormones progesterone and estradiol, often measured by 

proxy via the menstrual phase.3 For example, consistent with the preclinical literature – which 

indicates that estradiol is associated with heightened drug reward 4 whereas progesterone is 

associated with suppressed drug reward 5 – a series of manuscripts by Sofuoglu and colleagues 

demonstrated that favorable subjective effects of nicotine (via intravenous administration or 

cigarette smoking) were significantly lower during the luteal phase (i.e., a high progesterone to 

estradiol ratio) and during exogenous progesterone administration compared to placebo.6–9 

These observations suggest that the luteal phase (or higher progesterone) may be favorable for 

smoking cessation, and indeed quit attempts that did not use nicotine replacement therapy 

(NRT) have indicated that the risk of relapse is lower among women who set their quit date 

during the luteal phase.10,11 However, during NRT-aided quit attempts, risk of relapse was lower 

among women who set their quit date in the follicular phase,12–14 despite evidence that higher 

progesterone levels are associated with greater reductions in negative affect and urges to 

smoke.15 Overall, these observations indicate that menstrual phase and/or sex hormones have 

a complicated effect on smoking-related outcomes. 

The majority (85%) of premenopausal women who smoke report using hormonal 

contraceptives at some point in their life, with approximately half (48%) reporting current use 

and oral contraceptive use was the most common type currently in use (29%).16 Hormonal 
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contraceptives, in general, work by replacing endogenous ovarian hormones with synthetic 

analogues with high binding affinities, thereby cutting off the hypothalamic-pituitary-gonadal 

feedback loop that regulates ovulation and ultimately reduces endogenous sex hormone levels 

and variability.17 Despite the popularity of hormonal contraceptives among premenopausal 

women who smoke and their known significant effect on sex hormones, relatively little is known 

about the effect of hormonal contraceptives on smoking-related outcomes.18 We previously 

demonstrated in a cross-sectional sample that smoking motives (e.g., smoking satisfaction, 

craving) significantly varied between hormonal contraceptive users and nonusers such that the 

women who did not use hormonal contraceptives and were in the follicular phase had the 

highest levels of smoking motives, followed by hormonal contraceptive users, and then women 

who did not use hormonal contraceptives and were in the luteal phase having the lowest 

levels.16 However, this work was limited by our inclusion of a heterogeneous group of long-

acting hormonal contraceptives (e.g., hormonal intrauterine device) and cyclical hormonal 

contraceptives (e.g., oral contraceptives).  Future work would benefit from the standardization of 

type of hormonal contraceptive. We also demonstrated that greater variability in craving over the 

menstrual cycle is related to a higher risk of smoking relapse.19 Therefore, if the subjective 

response to nicotine is less variable with the exogenous hormone stability of hormonal 

contraceptives compared to nonusers, this may indicate that hormonal contraceptive users have 

decreased risk of smoking relapse. 

This secondary data analysis utilized data from a controlled cross-over study with a 

sample of naturally cycling (NC) women and a sample of oral contraceptive (OC) users on a 

standardized tri-phasic combination OC to address three aims. Our first aim was to compare the 

smoking-related symptoms (such as craving) both prior to nicotine nasal spray administration 

(i.e., the participants’ natural state) and after nicotine nasal spray administration (i.e., the 

participants’ response to nicotine) while participants were smoking ad libitum during anticipated 

low and high progesterone levels. Our second aim was to compare the same subjective 
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response items before and after nicotine nasal spray during biochemically-verified smoking 

abstinence also during both high and low progesterone levels. Lastly, our third aim was to 

assess the overall effect of oral contraceptive use on subjective response to nicotine regardless 

of smoking status and anticipated progesterone levels. We expected to see differences in the 

subjective response to nicotine nasal spray by study group (OC versus NC) overall and after 

stratifying by testing condition (e.g., smoking status and anticipated progesterone level). 

 

2. Methods 

 2.1 Study Sample. As previously reported,20,21 we recruited a convenience sample 

primarily via social and mass media advertisements. Participants were women who smoked at 

least five cigarettes per day for at least the past six months and did not plan to quit smoking 

within the next three months. The NC participants had to be between the ages of 18 and 40 with 

regular menstrual cycles (defined as every 24 to 36 days per self-report) and no recent (<3 

months) use of exogenous hormones. The OC participants had to be on a combination OC for 

at least three months without any complications, be willing to switch to a study-supplied OC for 

the duration of the study and be between the ages of 18 and 35 (given the clinical 

recommendation to limit combination OC use to those who smoke to under the age of 35 22). 

Exclusion criteria for both groups included recent (<3 months) or planned pregnancy or 

breastfeeding, use of illicit drugs, use of psychotropic medications, and unstable physical or 

mental health.  

 

 2.2 Study Protocol. All study procedures were approved by the University of Minnesota’s 

Human Research Protection Program. In brief, potential participants were screened via 

telephone followed by an in-person screening visit, which was scheduled during the early 

follicular phase for the NC group and during the week of placebo pills for the OC group. At the 

in-person screening visit, participants provided informed consent and completed standardized 
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forms to provide demographic and baseline smoking-related information including the 

Fagerstrom Nicotine Dependence (FTND).23 All OC participants were supplied with Tri-Sprintec, 

which contains ethinyl estradiol and norgestimate, at this visit and instructed to commence use 

the next day. Ethinyl estradiol inhibits folliculogenesis, which prevents ovulation.24   

Norgestimate is a synthetic form of progestin that inhibits ovulation and is an agonist of the 

progesterone receptor.25 As a result of these medications, endogenous production progesterone 

and estradiol level are suppressed and relatively stable over time.17,26 

Once enrolled all participants were randomized to testing order – either anticipated low 

progesterone week (LPW) followed by anticipated high progesterone week (HPW) or vice versa. 

Specifically, LPW in the NC group was during the follicular phase (2 to 7 days post the onset of 

menses, per self-report as recommended with retrospective confirmation via progesterone 

levels with < 2 ng/ml indicative of follicular phase27) and in the OC group it was during the first 

week of Tri-Sprintec (ethinyl estradiol 35 mcg and norgestimate 0.18 mcg). HPW in the NC 

group was during the luteal phase (2 to 7 days post luteinizing hormone surge, per results of 

urinary luteinizing tests with retrospective confirmation via progesterone levels with > 2 ng/ml 

indicative of luteal phase as recommended27) and in the OC group it was during the third week 

of Tri-Sprintec (ethinyl estradiol 35 mcg and norgestimate 0.25 mcg).  

 Each testing week consisted of the following identical study procedures. On Day 1, while 

participants were ad libitum smoking, they attended a one-hour in-person clinic visit to practice 

all study procedures. On Day 2, while participants were ad libitum smoking, they attended a 

two-hour in-person clinic visit to complete their first nicotine exposure session. Daily on Day 3 

(quit day), Day 4 and Day 5, participants attended a clinic visit to verify smoking status via 

expired carbon monoxide breathalyzer. On Day 6, while participants were abstinent, they 

attended a four-hour in-person clinic visit to complete their second nicotine exposure session. 

Upon completion of the second nicotine exposure session, all participants then resumed ad 

libitum smoking for approximately 6 weeks until their second testing week.  
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 2.3 Nicotine Exposure Lab Session. The two nicotine exposure lab sessions included 

identical procedures. In brief, upon arrival at the clinic, participants had their expired carbon 

monoxide measured to confirm smoking status (< 5 ppm indicating smoking abstinence). After a 

30 minute rest period (during which participants could not smoke), at Time 0 minutes 

participants self-administered nicotine nasal spray (Nicotrol 2mg). We opted to use nicotine 

nasal spray rather than alternate forms of nicotine given the absorption is more similar to the 

absorption of nicotine from combustible cigarettes (as opposed to transdermal, gum, lozenge 

forms of nicotine) and less invasive than intravenously delivered nicotine. Participants also 

completed a subjective assessment of the response to nicotine at Time -30 and Time +5 

minutes using the Subjective State Scale (SSS),28,29 which included subscales for craving, 

withdrawal, negative affect, positive affect, and physical symptoms.  Subjective response, as 

well as other effects (e.g., cognitive effects) were monitored for 90 minutes post nicotine 

administration (data not shown).  On Day 6, the abstinent session, also contained a second 

dose of nicotine administration that was monitored for an additional 90 minutes (data not 

shown).  Additional details on this protocol can be found elsewhere.20  

 

 2.4 Statistical Analyses. SAS version 9.4 was used for analysis (SAS Institute Inc., Cary, 

NC). In this secondary data analysis, OC participants (n=14) were matched 1:2 with non-OC 

participants (n=28) on education (exact match: no college versus at least some college), age (± 

5 years), and FTND score (± 2 points).30 The distributions of all outcome variables (SSS 

subscales) were assessed using histograms and quantile-quantile plots, and all were assumed 

to be normally distributed. Demographics and baseline characteristics were summarized by 

study group (OC and NC) using descriptive statistics (counts and proportions for categorical 

variables and adjusted means and standard deviations for continuous variables). Differences at 
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baseline were assessed using linear or generalized linear mixed regression models (in SAS 

GLIMMIX) with a random intercept for matched set.  

 All models were adjusted for FTND given there was a statistically significant (and 

potentially clinically meaningful) difference between the two groups even after matching. For all 

analyses, correlated data analysis methods (i.e., random intercept) were used to account for the 

matching in the study design, and given the crossover study design, the order was also adjusted 

for (i.e., HPW followed by LPW or vice versa) to account for any potential order effects. Due to 

small sample size and limited model stability, the mixed models were not adjusted for additional 

covariates, and results for each testing conditions were examined separately (HPW and LPW, 

ad libitum smoking and acute abstinence days). When examining differences in the SSS level 

after nicotine administration, we adjusted for the pre-nasal-spray SSS levels. There were some 

models where the variance of the random effect was 0. However, to be consistent with the 

matching in our study design, the random intercepts were not removed for these models.31 We 

used linear mixed regression models (one model per outcome and time-point) with a random 

intercept for matched set to test for differences in the SSS levels by OC use at the following 

time-points (repeated for HPW and LPW): (1) ad libitum smoking, prior to nasal spray 

administration, (2) ad libitum smoking, five minutes after nicotine nasal spray administration 

adjusted for pre-nasal spray SSS level, (3) acute abstinence, prior to nasal spray administration, 

(4) acute abstinence, five minutes after nicotine nasal spray administration adjusted for pre-

nasal spray SSS level. In addition to the stratified models, for the SSS outcomes with significant 

findings in the post-nasal spray stratified models, repeated measures models were run using 

linear mixed regression models for all timepoints, with a random intercept for matched set and a 

random intercept for subject nested within matched set. The purpose of these models was to 

test for the main effect of study group on post-nasal spray SSS level, after adjusting for pre-

nasal spray SSS level, and subsequently to test if this effect varies by progesterone level. 

These models included the following predictors: study group, progesterone level, smoking 
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status, pre-nasal spray SSS level, FTND score, and order of testing week (HPW followed by 

LPW or vice versa) , progesterone level*order of testing week  and smoking status*order of 

testing week. Additional models were run with a study group*progesterone level interaction term 

to test if the group effect on post-nasal-spray SSS differed by progesterone level. Given the 

exploratory nature of the study and small sample size, we did not adjust for multiple 

comparisons. This should be considered in the interpretation of the results. P-values <0.05 were 

considered statistically significant.  

 

3. Results 

3.1 Study Sample. A total of 42 participants were included (OC group n=14; NC group 

n=28). Participants were, on average, in their mid-20s (OC group: [mean ± standard error] 

24.2±1.1 [range 19 to 34] years old versus NC group: 26.2±1.1 [range 21 to 36] years old, p-

value<0.001) and smoked slightly more than 10 cigarettes per day (OC group: 10.5±1.3 versus 

NC group: 11.6±1.0, p-value=0.468). The progesterone level during the LPW abstinence 

session was comparable between the two study groups (OC group: 0.56±0.08 ng/ml versus NC 

group: 0.72±0.06 ng/ml, p-value=0.154). As displayed in Table 1, all other hormone values were 

significantly higher (p-values<0.01) in the NC group compared to the OC group at each time 

point. Within the NC group, all hormone values were significantly greater during HPW as 

compared to LPW (p-value<0.001).  In contrast, in the OC group, none of the hormone values 

differed significantly by testing week (p-value>0.05).  The amount of time between enrollment 

(and, for the OC group, start of study-supplied OC) and the first testing week was (mean ± 

standard deviation) 13.79 ± 8.15 days for the OC group and 32.29 ± 23.57 days for the NC 

group. 

 

 3.2 Subjective Nicotine Response during Ad Libitum Smoking by Oral Contraceptive 

Use. After nicotine nasal spray administration (Table 2, Figure 1) during HPW, craving was 
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significantly lower in the OC group compared to the NC group during  (OC group: [adjusted 

mean ± standard error] 1.93±0.33 versus NC group: 2.89±0.23, p-value=0.024) after adjusting 

for pre-nasal spray craving levels. A similar, though not statistically significant, difference was 

noticed during the LPW such that craving was lower in the OC group compared to NC group 

(OC group: 1.91 ± 0.29 versus NC group: 2.62 ± 0.20, p-value=0.061).  In contrast, an opposite, 

though not statistically significant, difference was noticed prior to nicotine nasal spray during 

LPW such that craving was higher in the OC group compared to the NC group (OC group: 3.56 

± 0.45 versus NC group: 2.70 ± 0.36, p-value=0.061). 

 

 3.2 Subjective Nicotine Response during Smoking Abstinence by Oral Contraceptive 

Use. There were no statistically significant differences by study group during smoking 

abstinence either prior to or after nicotine nasal spray during either testing week (Table 3).  

However, prior to nicotine nasal spray administration, positive affect was lower in the OC group 

compared to the NC group during both LPW (OC group: 2.48 ± 0.36 versus NC group: 3.24 ± 

0.28, p-value=0.072) and HPW (OC group: 2.25 ± 0.36 versus NC group: 3.10 ± 0.27, p-

value=0.056). Physical symptoms also trended towards being higher in the OC group 

(0.93±0.15) than the NC group (0.59±0.11, p-value=0.057) prior to nicotine nasal spray 

administration during HPW only. Though none of these differences were statistically significant.   

 

3.3 Overall Effect of Oral Contraceptive Use on Subjective Nicotine 

Response.  Regardless of smoking status and testing week, though not statistically significant 

(Table 4), craving was higher in the NC group compared to the OC group (OC Group: 2.51 ± 

0.29 versus NC Group: 3.07 ± 0.23, p-value: 0.062).  A similar differences was observed during 

HPW (OC Group: 2.44 ± 0.33 versus NC Group: 3.10 ± 0.25, p-value: 0.061) but not during 

LPW (OC Group: 2.57 ± 0.33 versus NC Group: 3.05 ± 0.25, p-value: 0.174), regardless of 

smoking status. 
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4. Discussion 

 This study is the first to examine acute subjective effects to nicotine by OC use after 

stratifying by testing condition (e.g., smoking status and anticipated progesterone level). In brief, 

we observed that, regardless of testing week but only during ad libitum smoking, nicotine 

reduced the adjusted average craving level by 36-46% as compared to only 0-3% in the NC 

group. In other words, the nicotine nasal spray satiated craving for cigarettes more in the OC 

group compared to the NC group. We have previously reported higher craving in hormonal 

contraceptive users in cessation trials that used standard doses of nicotine replacement therapy 

(transdermal patch, lozenge).32,33  OC use has also been linked to faster nicotine metabolism. 

34–36 These observations suggest that the OC users may need a higher dose of nicotine 

replacement therapy to be an effective aid for smoking cessation. While this has yet to be 

examined in OC users specifically, higher doses of nicotine replacement therapy have been 

shown to be effective in those with faster nicotine metabolism, in general. 37,38  Further, the lack 

of an effect of nicotine on craving within the NC group was surprising given our previous 

observations from the same study that demonstrated a significant increase in blood pressure, 

heart rate and maximum concentrations of nicotine after nicotine nasal spray administration, 

especially during the luteal phase.39  Additional research is needed to elucidate the mechanisms 

responsible for these observations. 

We also observed that OC users had lower, though not statistically significant, positive 

affect during smoking abstinence prior to nicotine nasal spray administration during both LPW 

and HPW.  After nicotine nasal spray administration, there were no differences in positive affect 

between the OC and NC groups. In another analysis with the same sample of OC users in the 

current study, we also observed significantly lower positive affect levels in OC users compared 

to NC outside of the nicotine exposure lab and during both anticipated low and high 

progesterone week.21 Previous investigations have documented abstinence-induced increases 
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in negative affect 40,41 and reductions in positive affect and in female but not male smokers.42 

This finding highlights the need to investigate the potential that OC use may be driving these 

sex differences, at least in part. 

One of the most interesting aspects of this project is the number of null findings between 

the OC and NC groups despite the significant differences in most hormone levels. Specifically, 

the estradiol values significantly varied by group at all four time points (difference ranging from 

60% to 90% lower in OC group than NC group) and the progesterone values significantly varied 

by group at three of the four time points (difference ranging from 46% to 96% lower in the OC 

group than the NC group).  At one time point – during the smoking abstinence session during 

the anticipated low progesterone week – the progesterone levels were statistically equivalent 

between the two groups  This is expected as the progesterone value in the natural menstrual 

cycle is the lowest during the mid-follicular phase (i.e., approximately menstrual cycle day 7).27   

One explanation for this observation is that we had a relatively small sample size and limited 

power.  Indeed, the results from the liner mixed regression models for craving trended towards 

significance during the HPW but not the LPW.  This suggests that differences between the 

groups may be more pronounced when hormonal differences are more extreme.  However, 

these observations did not reach statistical significance.  These null findings may also suggest 

that more exploration into the mechanisms of action is warranted. In general, based primarily on 

observations from the preclinical literature, progesterone is thought to be protective against drug 

use behaviors (e.g., lower self-administration) whereas estradiol is thought to facilitate these 

same behaviors.4,5 In the clinical research, it is theorized that the neurobiological reward 

response to nicotine varies by menstrual phase as a result of the variation of progesterone and 

estradiol across the menstrual cycle. 43 However, in the current study, the progesterone and 

estradiol levels varied between the NC and OC groups by up to ten-fold and the group 

differences in subjective response to nicotine were relatively sparse. This suggests that there 

may be other variables responsible for the drug reward response observed here and elsewhere. 
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For example, the follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are blunted 

with hormonal contraceptive use and, therefore, likely differ between our NC and OC groups. 

The direct relationship between FSH and LH with drug reward response variables has not been 

examined in clinical samples. Similarly, allopregnanolone is also blunted with hormonal 

contraceptive use 44 and has been recently implicated as playing a role in smoking-related 

behaviors in women.45,46 Because OCs both reduce endogenous hormone levels but also 

replace these with potent, neuroactive steroids it is challenging to disentangle effects that are 

produced by decreasing endogenous hormone levels versus those produced by the synthetic 

hormones themselves – a problem compounded by the paucity of existing literature describing 

endogenous hormone decreases vs. synthetic hormone effects. One investigation of 

endogenous ovarian hormone suppression via a gonadotropin-releasing hormone agonist (not 

via OC use) showed reduced amygdala reactivity to monetary rewards, indicating that 

endogenous hormones play a role in normal reward processing.47 This is consistent with 

literature from both human and preclinical work pointing to a relationship between estrogen and 

dopamine.48,49  Because OC users show similar results to each other in low vs. high 

progesterone conditions, and also differ somewhat from NC women during those conditions, 

these findings suggest that the OCs themselves rather than the reduction in endogenous 

hormones may be affecting craving and positive affect in smokers. However, a great deal of 

further research is needed to identify the mechanisms of action involved in these observations. 

Despite the strengths of the methodologies used in this study – including the controlled 

cross-over design, biochemical confirmation of smoking status, measurement of sex hormones, 

and use of a standardized OC – there are several limitations to consider. First, the study sample 

was a convenience sample of participants who were not interested in quitting smoking and were 

able to comply with an intensive study protocol. Thus, it is unknown how these observations 

may translate to those trying to quit. Second, we did not standardize the initiation of the study-

supplied OC with the timing of their own brand of OCs, nor did we include a period of time to 
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allow for hormonal stabilization within the OC group.  Thus, the hormonal changes and 

subsequent stabilizing may be variable within the OC group.  Third, we examined the response 

to nicotine nasal spray.  Nicotine nasal spray can be aversive, which may have influenced the 

response in this study.  This also limits the generalizability of these observations to response to 

cigarette smoking which contains other reinforcing effects (such as respiratory tract sensations, 

which may be especially reinforcing to women50).  Further, we did not include statistical 

adjustments for multiple tests. The small sample size and the large number of tests conducted 

suggest an exploratory study with low power to detect significant differences. With the high 

number of tests run, there is a risk of reporting spurious findings that may have occurred by 

chance (Type I error), and thus the results of this study need to be replicated and should be 

interpreted with this in mind.  

In summary, this study provides some additional evidence for differences in smoking-

related outcomes by OC use; however, the number of significant differences was relatively few. 

Future research should examine how these observations may play a role in smoking cessation 

efforts made by women who use OCs as well as examine the biological mechanisms 

responsible for these observations. 
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Table 1. Demographics, Smoking-Related Characteristics and Hormone Levels by Study Group 
 Oral Contraceptives 

Users (OC) 
(n=14) 

Naturally Cycling 
Participants (NC) 

(n=28) p-value 
Age, Mean ± SE 24.2 ± 1.1 26.2 ± 1.1 <.001 
Education, n (%) at least some college 13 (92.9%) 26 (92.9%) 1.00 
White, n (%) Non-Hispanic race 12 (85.7%) 21 (75.0%) .437 
Cigarettes per day, Mean ± SE 10.5 ± 1.3 11.6 ± 1.0 .468 
Nicotine dependence (FTND score), Mean ± SE 2.6 ± 0.5 3.4 ± 0.5 .011 
Time to first cigarette in the morning, n (%)   .024 

5 minutes or less 2 (14.3%) 2 (7.1%)  
6-30 minutes 4 (28.6%) 14 (50.0%)  
31-60 minutes 1 (7.1%) 10 (35.7%)  
More than 60 minutes 7 (50.0%) 2 (7.1%)  

Study week order    
Anticipated low progesterone week first 8 (57.1%) 13 (46.4%) .513 
Anticipated high progesterone week first 6 (42.9%) 15 (53.6%)  

Hormones, Mean ± SE    
Anticipated Low Progesterone Week    
Ad Libitum Smoking    
  Progesterone (ng/ml) 0.51 ± 0.12 0.94 ± 0.09 a 0.009 
  Estradiol (pg/ml) 21.41 ± 7.82 54.28 ± 5.42 a 0.002 
  Progesterone/Estradiol ratio 25.68 ± 6.87 26.47 ± 4.76 a 0.926 
Smoking Abstinence    
  Progesterone (ng/ml) 0.56 ± 0.08 0.72 ± 0.06 a 0.154 
  Estradiol (pg/ml) 26.00 ± 11.87 68.21 ± 8.58 a 0.006 
  Progesterone/Estradiol ratio 30.43 ± 4.63 16.86 ± 3.45 a 0.017 
Anticipated High Progesterone Week    
Ad Libitum Smoking    
  Progesterone (ng/ml) 0.45 ± 1.34 7.91 ± 0.87 b <.001 
  Estradiol (pg/ml) 21.36 ± 14.85 122.38 ± 9.66 b <.001 

  Progesterone/Estradiol ratio 32.86 ± 13.12 71.92 ± 8.54 b 0.021 

Smoking Abstinence    
  Progesterone (ng/ml) 0.45 ± 1.24 11.44 ± 0.88 b <.001 
  Estradiol (pg/ml) 13.81 ± 18.61 148.01 ± 14.15 b <.001 
  Progesterone/Estradiol ratio 44.06 ± 14.60 86.69 ± 10.33 b 0.025 
Notes. p-values are from linear/generalized linear mixed models with a random intercept for matched set, 
FTND = Fagerstrom test for nicotine dependence a Value significantly (p<0.001) different from 
corresponding hormone values during the Anticipated High Progesterone Week. b Value significantly 
(p<0.001) different from corresponding hormone values during the Anticipated Low Progesterone Week. 
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Table 2. Ad libitum smoking: Subjective response (adjusted mean ± standard error) to 
nicotine nasal spray by oral contraceptive use and testing week 
 

 Oral Contraceptive 
Users  
(n=14) 

Naturally Cycling 
Participants  

(n=28) Mean Difference* p-value** 
Anticipated Low Progesterone 
Week     

Prior to Nicotine Nasal Spray     
Positive Affect 2.82 ± 0.40 3.18 ± 0.29 -0.36 ± 0.49 0.475 
Negative Affect† 1.34 ± 0.34 1.70 ± 0.23 -0.36 ± 0.41 0.395 
Craving 3.56 ± 0.45 2.70 ± 0.36 0.90 ± 0.46 0.061 
Withdrawal† 1.04 ± 0.27 1.29 ± 0.19 -0.25 ± 0.34 0.473 
Physical Symptoms 0.80 ± 0.23 0.72 ± 0.17 0.08 ± 0.25 0.741 

After Nicotine Nasal Spray, Adjusted 
for Pre-Nasal-Spray Level     

Positive Affect 3.12 ± 0.21 3.01 ± 0.17 0.11 ± 0.23 0.638 
Negative Affect† 1.18 ± 0.19 1.59 ± 0.13 -0.41 ± 0.23 0.091 
Craving 1.91 ± 0.29 2.62 ± 0.20 -0.71 ± 0.36 0.061 
Withdrawal† 1.13 ± 0.13 1.12 ± 0.09 0.01 ± 0.16 0.940 
Physical Symptoms 0.82 ± 0.08 0.68 ± 0.06 0.14 ± 0.10 0.145 

Anticipated High Progesterone 
Week     

Prior to Nicotine Nasal Spray     
Positive Affect 2.59 ± 0.36 3.32 ± 0.25 -0.73 ± 0.44 0.110 
Negative Affect 1.08 ± 0.27 1.33 ± 0.19 -0.25 ± 0.34 0.458 
Craving 3.02 ± 0.51 2.88 ± 0.37 0.14 ± 0.61 0.825 
Withdrawal† 0.80 ± 0.24 1.21 ± 0.17 -0.41 ± 0.29 0.174 
Physical Symptoms 0.69 ± 0.12 0.53 ± 0.09 0.17 ± 0.14 0.243 

After Nicotine Nasal Spray, Adjusted 
for Pre-Nasal-Spray Level     

Positive Affect† 2.79 ± 0.24 3.05 ± 0.16 -0.26 ± 0.30 0.381 
Negative Affect 1.16 ± 0.16 1.26 ± 0.12 -0.10 ± 0.20 0.615 
Craving 1.93 ± 0.33 2.89 ± 0.23 -0.96 ± 0.40 0.024 
Withdrawal† 0.91 ± 0.11 1.04 ± 0.08 -0.13 ± 0.13 0.336 
Physical Symptoms 0.71 ± 0.11 0.62 ± 0.09 0.10 ± 0.13 0.446 

 *(β ± Standard Error), ** P-values are from linear mixed models with a random intercept for matched set and 
adjusted for FTND, and study week order (post-nasal-spray models also adjusted for pre-nasal-spray SSS 
level), each row is its own model, †Random effect variance of 0 in linear mixed model. 
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Table 3. Smoking abstinence: Subjective response (adjusted mean ± standard error) to 
nicotine nasal spray by oral contraceptive use and testing week 
 

 Oral Contraceptive 
Users  
(n=14) 

Naturally Cycling 
Participants  

(n=28) Mean Difference* 
p-

value** 
Anticipated Low Progesterone Week     

Prior to Nicotine Nasal Spray     
Positive Affect 2.48 ± 0.36 3.24 ± 0.28 -0.76 ± 0.40 0.072 
Negative Affect† 1.70 ± 0.35 1.79 ± 0.25 -0.09 ± 0.44 0.835 
Craving† 3.73 ± 0.58 3.89 ± 0.42 -0.16 ± 0.70 0.820 
Withdrawal† 1.38 ± 0.26 1.28 ± 0.18 0.11 ± 0.32 0.743 
Physical Symptoms 0.78 ± 0.17 0.60 ± 0.12 0.18 ± 0.21 0.389 

After Nicotine Nasal Spray, Adjusted 
for Pre-Nasal Spray Level     

Positive Affect† 3.02 ± 0.20 3.14 ± 0.14 -0.12 ± 0.25 0.637 
Negative Affect 1.43 ± 0.18 1.39 ± 0.13 0.04 ± 0.22 0.853 
Craving 3.12 ± 0.45 3.58 ± 0.35 -0.46 ± 0.50 0.365 
Withdrawal 0.93 ± 0.12 1.05 ± 0.08 -0.13 ± 0.14 0.366 
Physical Symptoms† 0.76 ± 0.12 0.73 ± 0.08 0.03 ± 0.15 0.847 

Anticipated High Progesterone Week     
Prior to Nicotine Nasal Spray     

Positive Affect 2.25 ± 0.36 3.10 ± 0.27 -0.85 ± 0.42 0.056 
Negative Affect† 1.63 ± 0.29 1.88 ± 0.20 -0.26 ± 0.36 0.482 
Craving 3.49 ± 0.61 4.00 ± 0.49 -0.51 ± 0.65 0.436 
Withdrawal† 1.17 ± 0.19 1.24 ± 0.13 -0.07 ± 0.24 0.766 
Physical Symptoms 0.93 ± 0.15 0.59 ± 0.11 0.34 ± 0.17 0.057 

After Nicotine Nasal Spray, Adjusted 
for Pre-Nasal Spray Level     

Positive Affect† 2.84 ± 0.25 2.92 ± 0.17 -0.09 ± 0.31 0.787 

Negative Affect 1.37 ± 0.19 1.32 ± 0.13 0.05 ± 0.24 0.844 

Craving 3.00 ± 0.39 3.25 ± 0.29 -0.25 ± 0.45 0.588 
Withdrawal 0.83 ± 0.12 1.03 ± 0.09 -0.20 ± 0.15 0.181 
Physical Symptoms 0.59 ± 0.09 0.71 ± 0.07 -0.13 ± 0.10 0.234 

 *(β ± Standard Error), ** P-values are from linear mixed models with a random intercept for matched set and 
adjusted for FTND and study week order (post-nasal-spray models also adjusted for pre-nasal-spray SSS 
level), each row is its own model, †Random effect variance of 0 in linear mixed model. 
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Table 4.  Subjective craving response (adjusted mean ± standard error) to nicotine nasal spray by oral contraceptive use  

 
Oral 

Contraceptive 
Users  
(n=14) 

Naturally 
Cycling 

Participants  
(n=28) 

Mean 
Difference* 

Group difference 
p-value** 

Phase 
difference in 

group 
difference p-

value** 
Craving after nicotine nasal spray, adjusted for pre-
nasal-spray level     

 

Model 1      

All testing sessions together 2.51 ± 0.29 3.07 ± 0.23 -0.57 ± 0.30 0.062  

   Model 2     0.605 
Anticipated low progesterone week 2.57 ± 0.33 3.05 ± 0.25 -0.48 ± 0.35 0.174  

Anticipated high progesterone week 2.44 ± 0.33 3.10 ± 0.25 -0.66 ± 0.35 0.061  
 *(β ± Standard Error), ** P-values are from linear mixed models with a random intercept for matched set, a random intercept for subject nested 

within matched set, and adjusted for progesterone level (model 1), FTND, study week order, smoking status, and pre-nasal-spray SSS level; 
each row is its own model. 
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Figure 1. Craving Before and After Use of Nicotine Nasal Spray by Oral Contraceptive 
Use during Ad Libitum Smoking in anticipated low progesterone week (LPW) and 
anticipated high progesterone week (HPW). Nicotine nasal spray reduced self-reported 
craving by 36-46% in OC users regardless of progesterone levels, but had almost no effect (0-
3% change) in naturally-cycling women, again irrespective of progesterone levels. Craving 
levels are adjusted for FTND and order effects, and after-nasal-spray craving is adjusted for 
before-nasal-spray craving. 

 

 

 


