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Abstract

Background: Research has demonstrated associations between hormonal fluctuations during the 

menstrual cycle and women’s alcohol use. This association has been explained by mood changes 

that, for some women, accompany decreasing levels of progesterone during the menstrual cycle, 

particularly during the late luteal/premenstrual phase. The current study examined whether 

participants’ daily ratings of mood interact with changing levels of progesterone to predict alcohol 

use.

Method: Young adult women attended two sessions scheduled two weeks apart, during which 

they completed questionnaires and provided salivary samples for the assay of progesterone levels. 

In the intervening two weeks, participants completed daily logs of their mood, alcohol use, and 

menses. Ordered Generalized Linear Mixed Models assessed the effects of daily mood (examined 

as both a within- and between-subject variable) on the likelihood of drinking, as a function of 

menstrual cycle phase and changes in progesterone across the two weeks.

Results: One standard deviation increase in progesterone corresponded to a 1.61 decrease in the 

odds of drinking. This main effect was moderated by daily mood. Women were more likely to 

drink during a decrease in progesterone on days they rated their mood as negative, whereas during 

an increase in progesterone they were more likely to drink on days they reported a positive mood. 

Between-subject analyses showed that women who reported lower overall mood during the two-
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week period were more likely to drink with an increase in progesterone and less likely with a 

decrease.

Conclusions: Women’s likelihood to drink increased when they experienced negative mood in 

the context of decreasing levels of progesterone, whereas the negative-mood/drinking association 

was mitigated among those with increasing levels of progesterone. However, compared to women 

who on average had an overall more positive mood, women with an overall lower mood (and 

corresponding higher levels of depression and anxiety at baseline) did not experience the 

protective effects of rising progesterone levels on drinking.

Keywords

Women; Alcohol; Progesterone; Menstrual Cycle; Mood

1. Introduction

Data from the most recent National Epidemiologic Survey on Alcohol and Related 

Conditions (NESARC III) show alarming increases in alcohol misuse among women. Since 

2000, the rates of high-risk drinking in women has increased by 57.9% and rates of alcohol 

use disorder (AUD) have increased by 83.7% (Grant et al., 2017). Alcohol misuse has also 

increased among young adults, with 12-month rates of high risk drinking (4 or more 

standard drinks on any day for women, 5 or more for men) among 18- to 29-year-old men 

and women at 19.3% (Grant et al., 2017). It remains unclear why women misuse alcohol, 

despite protective factors historically afforded by their gender [including gender roles, 

coping style, and personality traits (Nolen-Hoeksema, 2004; Tuchman, 2010)]. 

Understanding factors that contribute to alcohol misuse among young adult women has 

important implications, particularly given the significant physical, social, and emotional 

risks associated with women’s alcohol misuse (Bold, Epstein, & McCrady, 2017).

1.1 Hormonal fluctuations and mood across the menstrual cycle

Women’s drinking patterns may be impacted by hormonal changes related to their menstrual 

cycle. Ovarian hormones – including progesterone – circulate at relatively low 

concentrations during the early follicular phase, which is the first phase of the menstrual 

cycle occurring after menstruation. Progesterone rises during the luteal phase, after 

ovulation. If no pregnancy occurs, progesterone levels then fall precipitously in the late 

luteal phase (also referred to as the premenstrual phase), and progesterone levels remain at 

low levels throughout menstruation (Franz, 1988).

Literature on fluctuations in ovarian hormones and their association with alcohol 

consumption has focused on three areas. The first area is the examination of whether 

fluctuating ovarian hormones directly impact women’s drinking (i.e., do women drink more 

at certain points in their cycle?) (Carroll et al., 2015). The second group of studies is the 

exploration of how ovarian hormones affect alcohol metabolism (i.e., do hormones impact 

the physiological and neurological effects of alcohol in women?) (Terner & de Wit, 2006). A 

third area of focus is on the corollary changes in mood that occur among many women at 

certain phases of the menstrual cycle, and the extent to which these mood changes impact 
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the propensity to drink. In other words, ovarian hormones affect intrapersonal processes (i.e., 

mood) that may increase the probability that a behavior (drinking) will be emitted (Nelson, 

2010).

There is substantial evidence for the physiological effects of progesterone and its 

metabolites on mood. For example, the progesterone metabolites, allopregnanolone and 

pregnanolone, have behavioral and biochemical characteristics similar to ethanol, 

barbiturates, and benzodiazepines (Söderpalm, Lindsey, Purdy, Hauger, & De Wit, 2004). 

Allopregnanolone acts on the brain via the GABA system (Bäckström et al., 2003). 

Furthermore, the post-ovulatory or luteal phase has been associated with increased negative 

affect (Lustyk, Olson, Gerrish, Holder, & Widman, 2010) and heightened reactivity to stress 

(Carroll et al., 2015). Changes in negative mood could occur for several reasons, including 

the drop in progesterone levels (Hantsoo & Epperson, 2015), subjective expectations about 

negative mood during the late luteal phase (Robison & Clore, 2002), individual differences 

in sensitivity to hormonal changes (Hammarbäck, Damber, & Bäckström, 1989; .Hantsoo & 

Epperson, 2015), and/or physical discomfort that occurs for some women during the late 

luteal period (Tassorelli et al., 2002). Regardless of the underlying cause(s), a large 

percentage of women tend to experience mood changes during the late luteal phase, and 

among certain women, negative mood changes may increase the risk of drinking alcohol to 

cope (Carroll et al., 2015). Currently, there is little research to help us understand which 

women might be at risk of drinking to cope during certain phases of the menstrual cycle.

1.2 Progesterone, mood, and alcohol use among women

Research on individuals who drink have consistently highlighted the role of negative 

emotions and stress on women’s alcohol use (Karpyak et al., 2016; Mushquash et al., 2013; 

Nolen-Hoeksema & Hilt, 2006; Olenick & Chalmers, 1991). The “drinking-to-cope” 

association in women is notable, particularly given that individuals who drink to cope with 

negative emotions or stress are more prone to experiencing negative consequences from their 

alcohol use and may eventually even develop an alcohol use disorder (AUD; Campbell & 

Demb, 2008; Merrill & Read, 2010; Pedrelli et al., 2016). According to negative 

reinforcement models of alcohol use (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004), and 

self-medication hypotheses of drinking (Khantzian, 1997), individuals drink to cope with, or 

get rid of, negative emotional states. As alluded to above, research suggests that the 

endocrine system has important implications for mood regulation in about 40% of women 

(Mello, Mendelson, & Lex, 1990). Decreases in progesterone may increase women’s 

negative affect and decrease their well-being, which may affect their proclivity to drink to 

cope with subsequent premenstrual symptoms. For example, in one study, 69% of treatment-

seeking women under the age of fifty reported that the late luteal phase of the cycle acted as 

a trigger for drinking. Their retrospective reports were corroborated during treatment when 

women tracked their alcohol consumption and menses via daily logs (Epstein et al., 2006). 

Although in that study the women were not asked for the reasons why the late luteal period 

was a trigger for drinking, it is possible (and perhaps likely) that increased stress, negative 

emotions, and/or physical discomfort related to their menstrual phase played a role. Another 

study (Mello et al., 1990) with social drinkers found that more severe premenstrual 

symptoms (i.e., hostility, anxiety, impulsivity, loss of pleasure) were associated with 
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increased alcohol consumption in eight of fourteen women. Two studies examining changes 

in motivations for drinking across the menstrual cycle have shown that motives for drinking 

to reduce tension and negative affect increase during the late luteal and menstrual phases and 

are related to increased drinking (Joyce et al., 2018; Sutker, Libet, Allain, & Randall, 1983). 

Since direct relations between hormone levels and outcomes were not tested in these studies, 

it is unclear whether drinking is best predicted by menstrual cycle phase itself or whether it 

is related to fluctuations in ovarian hormone levels, particularly progesterone. Another 

recent study with young social drinkers found that decreased progesterone during the late 

luteal phase predicted increased binge drinking when coupled with increases in estradiol 

(Martel, Eisenlohr-Moul, & Roberts, 2017). Although this study also examined and did not 

find a direct effect of mood on drinking, potential interactive effects of mood with 

progesterone were not examined.

This research has implications for understanding women’s alcohol misuse. As described 

above, some women experience the late luteal phase as a trigger for drinking (Epstein et al., 

2006; Martel et al., 2017; Mello et al., 1990) and coping motives for alcohol use increase in 

the premenstrual phase and peak in the menstrual phase (Joyce et al., 2018). As drinking to 

cope with negative emotions or stress constitutes a significant risk factor for developing 

problems related to alcohol use (Campbell & Demb, 2008; Merrill & Read, 2010; Pedrelli, 

Borsari, Lipson, Heinze, & Eisenberg, 2016), women who experience mood fluctuations 

across the menstrual cycle may be at increased risk for alcohol misuse. However, results on 

drinking during the late luteal/menstrual phase of the cycle remain mixed (Carroll, Lustyk, 

& Larimer, 2015). Given that not all women’s moods are affected by neuroendocrine 

processes, and that mood changes do not always correspond with cycle phases (Mello, 

Mendelson, & Lex, 1990), the association between menstrual cycle phase and alcohol use in 

women is likely moderated by individual differences. One such factor may be whether or not 

a person experiences worsened mood during particular menstrual cycle phases. Furthermore, 

changes in levels of progesterone may act in consort with mood to predict women’s alcohol 

use. This negative mood-drinking association may be linked to menstrual cycle phase (e.g., 

due to a person’s expectations about premenstrual symptoms, for example) or may be linked 

to changes in hormones (e.g., due to a precipitous drop in progesterone and subsequent 

increases in negative mood). To contribute to the understanding of the psychological and 

hormonal precursors of women’s alcohol misuse, the current study sought to explore 

whether menstrual cycle phase, changes in levels of progesterone, and concomitant changes 

in mood – independently and in interaction with each other - potentiate day-to-day alcohol 

use.

1.3 Current study

This study is a secondary analysis of data that was originally collected to validate hormone 

levels in salivary samples (Cao et al., 2019). Participants provided daily diary data, which 

allowed us to examine the associations between daily mood and drinking in conjunction 

with changes in salivary levels of progesterone. We disaggregated within- and between-

subject variability in daily mood ratings to isolate each woman’s day-to-day fluctuations in 

mood from women’s general propensity to experience positive or negative mood (Bolger & 

Laurenceau, 2013). Using this approach, we explored how mood interacted with changes in 
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progesterone levels to predict if participants consumed alcohol on a particular day. We 

hypothesized that between-subject effects would show that women with overall more 

persistent negative mood would be more likely to drink when also experiencing decreases in 

progesterone levels. In other words, we anticipated that women who had more negative 

mood days overall (compared to other study participants, who reported more positive mood 

days) are at increased risk of drinking when progesterone levels were decreasing. However, 

as mentioned, there are variations in the extent to which progesterone levels and menstrual 

cycle phase are associated with mood changes, and mood changes at certain phases within 

the cycle may be due to different causes. It is possible that any of these three factors 

(progesterone, mood, and/or menstrual cycle phase) may be associated with alcohol use, 

independently or in interaction with each other, across the menstrual cycle. As we did not 

manipulate these factors to be able determine causality, we instead examined each of the 

main and interactive of these three factors - menstrual cycle phase, changes in progesterone 

level, and daily mood. Additionally, as every woman has her own barometer of negative and 

positive mood days and differences in the extent to which she experiences mood changes 

across the menstrual cycle, we included within-subject effects in the models. By using a 

daily measure of mood, we were able to examine the potential effect of these slight day-to-

day changes in mood. We hypothesized that our within-subject effects would show that any 

given woman would be more likely to drink when she has a negative mood day (compared to 

her own average mood) if her progesterone levels are also dropping or decreasing; however, 

we did examine all main and interactive effects to help differentiate these effects.

2. Materials and methods

2.1 Participants

Forty-one female college students recruited from psychology classes at a public university 

participated in the study for research credit. The 41 biologically female participants were 

scheduled to attend two sessions in the lab; 36 (87.8%) returned for their second visit and 35 

(85.4%) had completed their daily logs and were included in the analyses. The participants’ 

average age was 19.85 years (SD=2.63, range 18-30). Of all recruited participants, the 

majority identified as their race as White (n=21, 51.2%), followed by Black or African 

American (n=12, 29.3%), more than one race (n=3, 7.3%); Asian (n=3, 7.3%), or Pacific 

Islander (n=1, 2.4%); one woman declined to respond (n=1, 2.4%). Nine women identified 

their ethnicity as Hispanic/Latina (22.0%). One-way ANOVAs and chi-square analyses 

revealed no differences in age (p=.94), use of birth control (p=.48), race (p=.66), ethnicity 

(p=.34), or drinking variables (all p’s>.08) between women who returned and completed 

their logs as compared to those women who either did not return or failed to return their logs 

to the researcher.

2.2 Procedure

When signing up for the study, women were required to schedule two visits exactly two 

weeks apart. Prior to both sessions, the researcher sent an email the day prior to their 

participation to remind participants not to eat, drink, or brush their teeth 30 minutes prior to 

their scheduled appointments. In this email, participants were instructed to reschedule their 

participation that if they had undergone dental procedures in the previous three days. All 
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laboratory sessions were scheduled between 10 am and 12 pm to control for diurnal 

variations in steroid hormones.

Upon arrival at the laboratory for Session 1, the women provided informed consent and were 

instructed on completing self-report questionnaires and the daily logs they would complete 

during the two-week period between Sessions 1 and 2. They were instructed to record the 

date of each log as suggested by Green and colleagues (2006). The research assistants 

emphasized the importance of maintaining the integrity of the daily logs while providing the 

instructions (e.g., completing that day, the importance of the logs to the study). Next, they 

were asked to swish water (approximately 4 oz) in their mouth to clear their saliva of 

contaminants. Ten minutes later, they provided a saliva sample (2 mL) via passive drool. All 

samples were immediately placed in a cooler, transferred to a −80°C freezer to maintain 

stability and analyzed within three months of collection. Work with progesterone and other 

steroid hormone analytes suggest that saliva samples stored at −80 remain stable for at least 

84 days (Toone et al., 2013) and even up to four years (Salimetrics, 2019). After providing 

the samples, participants completed the web-based self-report questionnaires. At the end of 

Session 1, they were given the daily logs to complete nightly over the next two weeks. The 

second visit followed the same procedures, except that participants now returned the daily 

logs before completing a set of questionnaires and providing a second saliva sample. Then 

they received course credit and were debriefed.

2.3 Daily Logs

On the hard-copy, paper daily logs, women recorded: (a) day of the week, (b) “In general, 

how was your mood today?” (response options ranged from 1 “extremely bad/negative” to 4 

“Neutral” to 7 “Excellent”) and (c) “Did you have your menstrual period today?” (Yes/No). 

The daily logs, and questions regarding mood, were derived from previous research among 

women seeking treatment for alcohol use (e.g., Holzhauer et al., 2017). Participants also 

recorded their answers to the question, “If someone offered you a drink, or asked you to go 

out drinking today, how confident are you that you would have drunk alcohol?” with the 

following 5 response options: (1) “Definitely would not have drunk alcohol, and did not 

drink today” (2) “Might have drunk alcohol, but did not drink today” (3) “Probably would 

have drunk alcohol, but did not drink today” (4) “Definitely would have drunk alcohol, but 

did not drink today” or (5) “I did drink alcohol today.” Descriptive analyses showed that 

participants rated 85.3% of all days as non-drinking days (options 1-4) and 14.6% as 

drinking days (option 5). Of the non-drinking days, the women selected that they would not 

have used alcohol, even if given the opportunity to drink, on 154 days (44.4%; option 1), 

whereas the remaining portion (n=141, 40.3%) indicated that they might have drunk if given 

the opportunity (option 2-4). This approach to assessing likelihood of alcohol use has been 

used in previous research (Jackson et al., 2014), and willingness to drink has been associated 

with actual drinking behavior in a young adult sample (Lewis, et al, 2016). Given the 

relatively lower response rates to options 2-4 across participants, we integrated the 5-item 

scale into three items to attain a more meaningful and interpretable outcome variable: (0) no 

drinking/would not have drunk (option 1; 44.0% of days recorded in the daily logs), (1) no 

drinking/but might have drunk if given the opportunity (options 2-4; 40.3% of days), and (2) 

did drink today (option 5; 14.6% of days). Our statistical model (see below for details) was 
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run using both the 5-item and 3-item outcomes, and both the Akaike and the Bayesian 

Information Criterion fit statistics showed that the 3-item version was a better fit to the data 

in the full model (AIC=990.67→563.69, BIC=1021.14→592.94). Thus, the 3-item version 

was used for the analyses and reported in the results section.

2.4 Estimating Phase of Menstrual Cycle

During their first laboratory visit, the women provided the date of the first day of their most 

recent menstrual period and responded yes or no to a question assessment the regularity of 

their menstrual cycles (“Are your menstrual cycles regular?”). The date of their most recent 

menses was then used to derive the menstrual cycle day for each of the daily log entries, 

along with the women’s daily entries whether they menstruated or not during the study, 

using guidelines proposed by Joyce and Stewart (2018) to code menstrual phase. If a woman 

began her menses during the two-week study period, the start of her late luteal phase was 

estimated as beginning five days prior to the first day of her period; menstrual cycle phase 

was then estimated for each woman, for each day of the study, using the following scheme: 

(1) days with reported menses, (2) follicular phase: included days without reported menses, 

up to Day 12 of cycle; (3) ovulatory phase: included Day 13 to 16; (4) luteal phase: included 

Day 17 to the start of the late luteal phase; (5) late luteal phase: defined as 5 days prior to 

menses. For women who were on birth control, we created a sixth group (6) to account for 

times when they were taking active birth control (i.e. not during their menses), during which 

they would be maintaining steady levels of progesterone and estrogen; only their menses 

(experiencing a drop in ovarian hormones) was coded as usual. We opted for the phases 

rather than standardized menstrual cycle day proposed by Joyce and Stewart (2018) because 

we were primarily interested in the shifts in menstrual cycle phase as it relates to 

progesterone, and progesterone does not have a linear rise over the menstrual cycle. Twelve 

women did not have their menses while participating in the study; for those women Day 17+ 

was estimated as luteal phase days (i.e., 17 days after the onset of their last menses). These 

estimates were compared to progesterone level assays to test correspondence between 

progesterone levels and estimated phase. While these estimates of menstrual cycle phase 

follow past research methodology, it is important to note that the focus of the current study 

was on changes in progesterone levels (which were measured via objective hormonal level, 

not via estimated calendar methods). The focus was not on menstrual cycle phase, given that 

we did not confirm participants’ ovulation as suggested for studies focused on menstrual 

cycle phases specifically (Lustyk et al., 2010), but on changes in progesterone levels.

2.5 Patterns of Alcohol Use

The CORE Alcohol and Drug Survey (CORE; Presley, Meilman, & Lyerla, 1994) measures 

substance use in college students and was used to assess the participants’ frequency of 

alcohol consumption. We collected information about alcohol intake over the past month 

(from 1 = 0 days to 7 = all 30 days), the average number of drinks per occasion, and the 

number of binge drinking episodes (four or more drinks per occasion) over the previous two 

weeks. Alcohol use was measured during the laboratory sessions. Thus, retrospective 

alcohol use reported in the CORE during the second visit overlapped with the daily diaries. 

The means and standard deviations can be found in Table 1.
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2.6 Depression, Anxiety, Stress

Participants completed the 42-item Depression Anxiety Stress Scales, DASS (Lovibond & 

Lovibond, 1995) at both sessions, rating the presence of symptoms over the past week on a 

4-point Likert scale (from 0 = “did not apply to me at all” to 3 = “applied to me very much, 

or most of the time”). Scores ≥10 for depression and scores ≥8 for anxiety have been 

identified as the clinical cut-off (Lovibond & Lovibond, 1995). The internal consistency 

coefficients for the sample were .89, .88, and .83 (Cronbach’s alphas) at Session 1 and .91, .

95, and .78 at Session 2 for the stress, depression, and anxiety subscales, respectively. The 

DASS was used in these analyses to examine how mood rating on the daily logs was 

associated with clinical symptoms, and to cross-validate participants’ self-reported mood on 

the daily logs.

2.7 Hormone Analyses

Liquid chromatography tandem-mass spectrometry was used to determine the progesterone 

concentrations in the saliva samples. After extraction and derivatization, the analysis was 

conducted using positive-ion-multiple-reaction monitoring mode of electrospray ionization 

tandem mass spectrometer (AB Sciex API 2000™). Derivatized progesterone was purified 

using C18 reverse-phase liquid chromatography and detected by monitoring the m/z 

475→257 transition as the quantifier and 475→269 transition as the qualifier; HTP-

[2,3,4-13C3]progesterone by monitoring the m/z 478→260 transition. The assay 

demonstrated the lowest limit of detection of 0.0125 ng/mL and the lowest limit of 

quantitation of 0.05 ng/mL at which the signal to noise ratio was ≥ 6 with coefficient of 

variation (CV) ≤ 25.0%. The intra-assay imprecisions CVs (n = 10) were ≤ 10.5%. The 

inter-assay CVs were ≤ 19.3%. Linear responses were obtained with R2 = 0.996 (0.05 and 

15.0 ng/mL).

2.8 Data Analytic Plan

All analyses were conducted with SPSS v21.0 or SAS 9.4. We used a repeated-measures 

General Linear Models to assess the main and interactive effect of transitioning between the 

luteal and ovulatory cycle (i.e., when progesterone would be increasing or high) to/from any 

other phase (i.e., when progesterone would be low). We used an Ordered Generalized Linear 

Mixed Model (OGLMM) with Laplace approximation to assess the interactive effects of 

daily mood ratings with estimated menstrual cycle phase and then change in progesterone. 

Most studies investigating the effect of menstrual cycle phase on drinking have relied on 

calendar methods (Carroll et al., 2015; Epstein et al., 2006) like the one we used in this 

study. Therefore, we first assessed the effect of menstrual cycle phase (time-varying) on 

daily willingness to drink (Model 1), investigated the effects of change in progesterone 

(Model 2), and then included both menstrual phase and progesterone in the same model 

(Model 3).

Daily mood was grand-mean (z-scored) and person-centered (z-scored) to disaggregate the 

between-person differences in mood (grand-mean) from daily fluctuations within an 

individual (person-averaged), as suggested by Bolger and Laurenceau (2013). A mean-

centered variable (based on either the grand mean or person mean) reflecting each 

participant’s mood for each study day was entered to analyses, providing information about 
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day-to-day variability. By using this daily measure of mood, we were able to examine how 

day-to-day variations in mood might moderate the association between menstrual cycle 

phase/progesterone levels and the likelihood of drinking. The study hypothesized that even 

small, within-person changes in mood might have this moderating effect and that between-

person differences in mood would have this effect as well. For instance, whether a woman is 

experiencing a more negative mood on a given day, compared to her mood yesterday or last 

week, may interact with her progesterone levels on that day to predict her alcohol use 

(within-person effect). Additionally, whether a woman’s mood on any given day is 

especially low compared to other women (e.g., at a 4 out of 7, while all other participant’s 

averaged score is closer to a 6) or as high (e.g., at a 7 out of 7, while all other participant’s 

averaged score is closer to a 4) could interact with progesterone levels and predict her 

alcohol use for that day. This latter measure approximates a more “trait” assessment of her 

daily mood, and theoretically would correlate with measures of persistent negative mood 

(such as depression or anxiety). The daily measure of mood was used so that the daily co-

occurrence of mood changes and likelihood of alcohol use could be examined.

Time-varying effects [i.e., subject-centered mood, diary day, approximate menstrual cycle 

stage by day (menstrual, follicular, ovulatory, luteal, and late luteal phases), weekend vs. 

weekday] were modeled at the daily level (Level 1), whereas the remaining variables were 

measured at the person-level (Level 2) [i.e., change in progesterone across the two weeks, 

grand-mean-centered mood, use of non-hormonal or hormonal birth control (yes/no), past-

month alcohol use]. All continuous variables were z-scored, including mood, to minimize 

the effects of scale differences between the variable of interest. The changes in progesterone 

with the between-subject (i.e., grand-mean centered) and within-subject (i.e., person-

centered) mood variables were included next, followed by the full model with both 

progesterone change and menstrual phase and their interaction with the within- and 

between-subject mood variables. Mean-centered diary day was included as a fixed effect in 

the model to account for the effect of time. Also, we included the following random effects 

to account for variations at Level 1: (1) a random slope for the diary day using an 

autoregressive covariance structure, and (2) a random slope for within-subject mood using 

an unstructured covariance structure. When the random intercept was included in both 

models, its variance was less than 0, indicating that the means did not vary between 

individuals, and as such the random intercept was removed from the model. Because we 

used standardized continuous predictors, we could exponentiate the log-odds to generate an 

odds ratio that could be interpreted as an effect size. We then interpreted the magnitude of 

the effect using cut-offs proposed by Chen and colleagues (2010) where odds ratios (OR) of 

1.68, 3.47, and 6.71 indicate small, medium, and large effects, respectively.

Planned covariates included coded variables that indicated whether each day was a weekday 

versus weekend, age (mean-centered), and past-month alcohol use (mean-centered). Rather 

than exclude women who were on birth control, we chose to include these women for three 

reasons: first, use of birth control methods is common among young adult women, 

particularly women who had higher levels of education (Mosher & Jones, 2010). Since we 

were targeting college-aged women drinkers, we would be excluding a substantial portion of 

individuals, and perhaps biasing our sample, if we focused only on women who were not 

taking birth control. Second, previous research has shown mixed effects of birth control on 
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progesterone during a menstrual cycle (Schultheiss, 2003, Liening et al., 2010), and 

progesterone may still fluctuate and exert effects across the menstrual cycle, even if this 

fluctuation is dampened. Third, there is very little research on the drinking habits of women 

on birth control.

3. Results

3.1 Descriptive Statistics

Ten women reported not having regular menstrual cycles and were dropped from further 

analyses. Four individuals reported having had their last period more than 38 days prior to 

their participation, but otherwise reported regular cycles. Three out of these four women 

who had cycles longer than 35, but less than 39 days, reported beginning menses while in 

the study. We therefore kept these three women for analyses that investigated progesterone 

alone, but not for analyses using menstrual cycle phase, and completely dropped data from 

the one woman for whom we could not estimate her transition between cycles during the 

study (as she did not report menses onset during the study). Although these women fell 

outside the conventional 21-35 day window for what is considered a normal cycle (Joyce & 

Stewart, 2018), we opted to keep these women in the progesterone analyses, as there is often 

significant intraindividual variability in the length of cycles – as many as 50% of women 

report having 5-11 days variability in the length of their cycle (Münster, Schmidt, & Helm, 

1992). Excluded women did not differ from women who were included in the analyses in 

age (t(35)=−.019, p=.99), race (χ2=2.83, p=.59), or ethnicity (χ2=1.50, p=.22).

Forty-three diary days were completed during menses (12.8%), 82 days during the follicular 

cycle (24.4%), 44 during the ovulatory period (13.1%), 120 during the luteal cycle (35.7%), 

and 47 during the late luteal phase (14.0%). The average maximum menstrual cycle length 

during the study was 24.5 ± 7.30 days. However, as this was a two-week study and women 

participated at various points in their cycle, this does not reflect the average cycle length for 

these women. Of those who had a full cycle during the study (n=11), the average cycle 

length was 31± 6.63 days. Eleven women were on hormonal or non-hormonal birth control 

(54.2%). Women on birth control did not differ from those not on birth control in race, 

χ2=3.16, p=.53 or age, t(22)=.024, p=.98. In the 30 days prior to the Session 1, three women 

drank no days (12.5%), seven women drank 1-2 days (29.2%), six drank 3-5 days (25.0%), 

six drank on 6-9 days (25.0%), and two women drank 10-19 days (8.3%). Women on birth 

control were not significantly different from women not taking birth control in any baseline 

drinking measure (p’s>.38). Most participants completed all fourteen diary days; four 

participants missed one day of diaries each. This final dataset consisted of 330 observations, 

of which 96 days occurred on a weekend.

3.2 Correspondence of Daily Log Measures with Clinical Symptoms & Past Behavior

3.2.1 Association of Participants’ Reported Daily Mood on Logs with Clinical 
Symptoms on DASS.—Although this was a non-clinical sample of women, we examined 

how women’s mood ratings over the study period were associated with clinical symptoms 

reported on the DASS. Four women met the clinical cut-offs for anxiety and depression on 

the DASS and one woman met the clinical cut-off for only anxiety. The mean mood score on 
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daily logs within this sample was 4.80 (SD=.60). When we refer in our between-person 

analysis results to “more positively valenced mood,” this could be thought of as those who 

rated their daily mood on average one standard deviation higher than the mean, or 5.40; 

“more negatively valenced mood” could be thought of as those who rated their daily mood, 

on average one standard deviation lower than the mean, closer to 4.20. Of the women (n=4) 

who had a mean mood rating of 4.8 or lower, two of these women also scored above the 

clinical cut-offs for both the depression and anxiety subscales. We calculated bivariate 

correlations between mean mood ratings and scores on the three subscales of the DASS 

during study participation. Mean mood scores on daily logs negatively correlated with 

participants’ stress (p=.002), depression (p=.004), and anxiety (p=.021) during the second 

week of study participation (i.e., the week prior to Session 2, which overlapped with their 

actual daily logs). This suggests that in this non-clinical sample of women, reported mood 

on daily logs over the two-week period corresponded with retrospective self-reports of 

depression and stress on the DASS. Note that the continuous mood daily mood measure was 

used as a predictor in our analyses and that the DASS was administered at the two lab 

sessions (not only a daily basis). Given that the study goal was to examine daily variations in 

mood and concurrent variations in drinking, we used the daily mood measure rather than the 

DASS scores or clinical cut-offs, particularly since this was a non-clinical sample of college-

aged women.

3.2.2 Association of Participants’ Reported Daily Drinking Logs and Past 
Alcohol Use.—We used bivariate correlations to examine whether participants’ reported 

drinking during the study period was related to drinking behavior, including alcohol misuse, 

in the month prior to study participation. The percent of days on which participants did not 
drink during the two-week daily log period was inversely related to total number of drinks in 

the past week (Table 1). We also calculated percent of days (during the two-week within-

study period) that were rated “would drink” and “drank today”. These variables were 

significantly positively related to each woman’s past month drinking frequency. Thus, 

participants’ daily logs of drinking were associated with their typical drinking, including 

frequency and intensity of alcohol use. We used this past month frequency of alcohol use as 

a covariate in analyses to account for the effect of frequency of past drinking behavior in the 

main analysis.

3.2.3 Association of Changes in Progesterone Levels with Estimated 
Menstrual Cycle Phase.—A repeated measures GLM revealed that progesterone levels 

changed between estimated menstrual phases as expected and did not differ based on birth 

control (Table 2; Figure 1). Women who transitioned from a low progesterone phase to a 

high progesterone phase (i.e., luteal, with one woman transitioning from the follicular to 

ovulatory phase) showed an increase in progesterone; whereas women who transitioned 

from luteal/ovulatory phase to a low progesterone phase (i.e., follicular) showed a decrease 

in progesterone. A second repeated measures GLM was conducted to ensure that women 

who had a menstrual cycle that lasted longer than 35 days displayed similar patterns of 

progesterone change as the other included women (Table 2). As the women with cycles 

longer than 35 days only transitioned from the luteal phase to the menstrual during the study, 

we only compared these women only to women that had a similar phase transition (out of 
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the luteal phase to the menstrual phase). We found no difference between the three women 

with longer menstrual cycles as compared to those with shorter cycles.

3.3 Main Analyses: Mixed Effects Model of Menstrual Cycle Phase, Mood, and Changes in 
Progesterone Predicting Alcohol Use

3.3.1 Step 1: Menstrual Cycle Phase and Mood.—Results from the OGLMM 

menstrual phase analysis indicated that the diary day falling on a weekend and past-month 

alcohol use were all significantly associated with increased odds of drinking, p’s ≤ .001. The 

interaction of within-subject mood with ovulatory phase relative to menses was significant 

(Table 3, p=.028). Being in the ovulatory phase (when progesterone is increasing) relative to 

the menstrual phase (when progesterone was at its lowest levels) was related to an increased 

likelihood of drinking when women were in a more positive mood relative to their own 

average mood level. A different pattern was noted when examining between-subject mood 

relative to menstrual cycle phase. Women who tended to have more negative mood on 

average were more likely to drink when they were also simultaneously experiencing their 

lowest level of progesterone (i.e., menses) relative to when they had higher levels of 

progesterone (i.e., women who were on birth control, or who were in the ovulation or luteal 

phase).

3.3.2 Step 2: Mood, and Changes in Progesterone.—Change in progesterone and 

its interactions with within- and between-subject mood were run in a separate model without 

menstrual cycle. Although the main effect of progesterone was not significant (p=.069), 

progesterone tended to be protective against drinking. The interactions of change in 

progesterone with both mood variables were significant (p’s≤.02), albeit in different 

directions (Table 3). A woman was more likely to drink when decreases in progesterone 

occurred on the same days she was also experiencing a decrease in her mood (i.e., an 

increase in negative mood, relative to her own average mood) (Figure 2). In other words, 

when a woman was having a negative mood day (compared to her own “baseline”, or 

average mood), she was more likely to drink if also experiencing a decrease in progesterone 

levels (OR=1.92, or small effect). However, during an increase in progesterone, she was 

more likely to drink if she was in a positive mood (Figure 2).

At the between-person level, women who had a more positively valenced mood during the 

two-week study period (compared to other women in the study) had 2.73 greater odds (a 

small-to-medium effect) to drink when their progesterone decreased and were less likely to 

drink when progesterone levels increased (Figure 3). In contrast, women who tended to have 

a more negative mood during the two-week period were more likely to drink when their 

progesterone level increased and were less likely to drink when their progesterone levels 

decreased (Figure 3). In other words, women with overall more positive mood were more 

likely to drink when their progesterone levels were decreasing and women who reported an 

overall more negative mood were more likely to drink when their progesterone levels were 

increasing. Thus, fluctuations in progesterone levels were associated with drinking, but the 

results differed based on variations in mood (at the between-subjects and within-subject 

levels). These moderating effects of mood on the relationship between progesterone levels 
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and drinking were not at the clinical level – rather, within a non-clinical sample, individual 

differences in mood were found to impact these associations.

3.3.3 Step 3: Menstrual Cycle Phase, Mood, and Changes in Progesterone.—
When tested in a combined model, with changes in progesterone and menstrual cycle phase 

both entered simultaneously (Table 3). The protective main effect of progesterone became 

significant in this model (OR=1.61, small effect). The interactive effect of between-subject 

mood progesterone with mood remained significant (p=.001) but the interactive effect of 

within-subject mood with progesterone and of both within- and between-subject mood with 

menstrual cycle was no longer significant.

4. Discussion

In the current study, we examined how progesterone, menstrual cycle, and women’s daily 

mood were associated with daily alcohol use. A large percentage of women report the late 

luteal phase as a trigger for alcohol use, which has been attributed to changes in mood and 

stress reactivity that can occur during this time (Lustyk et al., 2010). In our study, we found 

support for these findings – women were more likely to drink during their menses than in 

higher progesterone menstrual phases (ovulatory or luteal) – however, this finding was 

specific to women who experienced an overall more positive mood (compared to women 

with less-than-average daily mood). Additionally, we found that natural fluctuations in 

progesterone significantly interacted with women’s daily mood to statistically predict 

drinking on that particular day. That is, we found support for our hypothesis that women 

were more likely to drink on days they were experiencing a decrease in progesterone if also 

experiencing a negative mood (compared to their average mood). Although main effects 

suggested that women were more likely to drink on days they were in a better mood, this 

was not the case for women who were experiencing decreasing levels of progesterone. This 

supports findings from Martel and colleagues (2017) that young women who drink socially 

were more likely to binge drink on weekends when they were also experiencing decreasing 

levels of progesterone. While our study did not assess binge drinking, our results similarly 

showed that young adult women are more likely to drink on days when they are 

experiencing decreasing levels of progesterone. We extended those results by showing that 

women experiencing a negative mood were more likely to drink in the context of a decrease, 

but not an increase, in progesterone levels. These results, combined with the findings from 

the menstrual phase findings, tentatively suggest that increasing progesterone may act as a 

protective factor by decreasing the likelihood of women experiencing, or drinking to cope 

with, negative emotions. Alternatively, women experiencing increases in progesterone were 

more likely to drink on days they were in a relatively positive mood. Although this was 

unexpected, it is consistent with research showing that mood enhancement motives are a 

strong predictor of drinking among college-aged individuals (Read, Wood, Kahler, 

Maddock, & Palfai, 2003). However, other research in young adult women has shown that 

enhancement motives do not fluctuate across the menstrual cycle (Joyce et al., 2018). 

Therefore, the association between positive mood, increases in progesterone, and alcohol use 

may be due to other reasons, such as for celebratory reasons that are unrelated to specifically 

drinking for the sole purpose of enhancement. Regardless, much of the research on women’s 
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alcohol use across the menstrual cycle has focused on negative mood, but these results point 

to the merits of investigating both positive and negative mood as moderators of the 

relationship between menstrual cycle and alcohol use particularly among a non-clinical 

sample.

Notably, the main effects indicated that a decrease in progesterone was associated with a 

greater likelihood of drinking overall, further supporting that the decline of progesterone 

may potentiate alcohol use in women. Without manipulating women’s levels of 

progesterone, we cannot say whether the negative mood was due to changes in progesterone, 

but our findings support the assumption that the co-occurrence of these factors is associated 

with an increased likelihood of drinking.

An additional and novel aspect of this study was that the analyses included both within- and 

between-subject averaged mood in the models, and that we examined mood using a daily 

assessment. This allowed us to isolate effects that occurred due to each woman’s proximal 

mood from those due to the sample’s general emotional climate. Indeed, a different pattern 

of results emerged from analyses examining between-subject mood as a predictor along with 

its interaction with progesterone. In sum, these analyses showed that women who were 

“happier” during the study – who rated their daily mood as better than average (and also had 

lower scores on the DASS, suggesting that these women not only had generally more 

positive mood, but also had less corresponding clinical symptoms of depression or anxiety) 

– were less likely to drink in the context of increases in progesterone. But these women were 

still more likely to drink when they experienced a decrease in progesterone. These results 

suggest that for women who overall experience a better mood, increasing levels of 

progesterone may serve as a protective factor in terms of drinking.

In contrast, women who on average had experienced a more negative mood across the study 

period (and had higher corresponding depression/anxiety scores on the DASS) were less 
likely to drink in the context of decreasing progesterone levels and more likely to drink 

when progesterone levels increased. Although daily negative mood and decreasing 

progesterone levels were associated with drinking in all women, those with a more negative 

mood overall were less likely to drink in conjunction with decreasing levels of progesterone. 

These women who rated their mood more negatively also reported more symptoms of stress, 

depression, and anxiety during the two-week period and prior to study participation.. These 

findings are consistent with the assumption that women with more negative mood overall in 

a non-clinical sample may be more prone to using ineffective coping behaviors such as 

rumination rather than drinking alcohol (Nolen-Hoeksema, 2012). However, even these 

women were more likely to drink when they showed increasing daily negative mood ratings 

in the context of decreasing progesterone levels, just not in comparison to other women who 

reported more positive mood overall. Again, these results were unexpected but suggest that 

women’s levels of internalizing symptoms may moderate the association between hormonal 

fluctuations and their propensity to use alcohol. Women with co-occurring internalizing 

symptoms may not experience the protective effects of increasing levels of progesterone to 

the same extent as other women. Conversely, there may be less overall variability in their 

mood so that they are less sensitive to any mood-related effects of progesterone. This finding 

may also have important implications based on recent research that shows women with post-
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traumatic stress disorder demonstrate a “block” in their conversion of progesterone to 

allopregnanolone, the metabolite largely responsible for progesterone’s anxiolytic effects 

(Pineles et al., 2018).

We chose to include women who were on birth control in our analyses because these women 

represent a significant portion of women who are in college (Buhi et al., 2010, Huber & 

Ersek, 2009). We found that these women continued to experience fluctuations in their 

progesterone, consistent with other studies (Liening et al., 2010). Women on birth control 

were more likely to drink during their menstrual phase compared to all other days of their 

menstrual cycle, particularly among women with overall more negative mood (compared to 

those with overall more positive mood). Thus, the results from this study, while preliminary, 

suggest an association between menstrual cycle phase, mood, and drinking even among 

women on birth control. However, this effect of menstrual cycle phase was no longer 

significant after entering progesterone levels, furthering the finding that changes in 

progesterone may be predictive of drinking among women, above and beyond menstrual 

cycle phase.

The current study asked the young adult participants about their thoughts on drinking and 

whether they would drink if provided the opportunity. The goal was to collect data on their 

willingness to drink because the lack of availability of alcohol may have prevented them 

from drinking even if they would have otherwise drunk on a particular day. Our results 

support this approach, as the women rated about 43% of all study days as days they might 

have drunk if given the option, whereas only 15% of days were actual drinking days. 

However, while the option “may have drunk, but didn’t” appeared to be a popular option for 

the participants, it did not figure largely into the analyses or results. The predictors still 

primarily differentiated between days on which women drank alcohol versus days on which 

they did not drink, i.e., they differentiated based on actual drinking behavior. Thus, we could 

have asked about alcohol use only and have found the same results. Reporting these more 

detailed findings related to thoughts about drinking may inform future research but largely 

was irrelevant in our current analyses.

An additional strength of this study was the use of liquid chromatography mass spectrometry 

(LC/MS-MS), considered the gold standard in steroid hormone measurement, to directly 

measure levels of progesterone. Many psychological studies have relied on immunoassay 

techniques to measure salivary hormone levels, despite increasing evidence from the clinical 

chemistry field demonstrating that steroid hormones are prone to cross-reactivity between 

compounds of similar molecular structure (Krasowski et al., 2014; Miller, Plessow, Rauh, 

Gröschl, & Kirschbaum, 2013) and the inflation of hormone levels (Welker et al., 2016). By 

measuring progesterone directly via LC/MS-MS, we can be assured that the observed 

changes in progesterone levels are due to temporal variations in the steroid hormone rather 

than measurement error.

It is important to note several limitations of the current project. First, we do not know the 

extent to which these findings extend to actual misuse of alcohol or the development of 

AUD. This study identified associations between changing progesterone levels, mood, and 

alcohol use, but did not directly examine the intensity of drinking episodes, negative 
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consequences from alcohol use, or whether the findings extend to AUD-related symptoms 

and behaviors. A related limitation is that, although we used a standardized coding of 

menstrual cycle phases, we assumed that women experienced ovulation between days 13-16 

without confirmation via an ovulation test. Also, women’s menstrual cycle and hormonal 

fluctuations vary both between women and across cycles. A challenge for this area of 

research is to understand how results may be affected by regularity of menstrual cycle, 

something that could be addressed with more frequent hormonal measurements and longer 

study design. Given that this study collected samples of salivary progesterone twice during 

the study, while still an improvement over much of the literature in this area, more frequent 

measurements in a larger study would certainly benefit this area of research (Carroll et al., 

2015). Although our daily measures were based on work by previous research in our own 

and other labs (e.g., Holzhauer, Epstein, Hayaki, Marinchak, McCrady & Cook, 2017; Park, 

Armeli, & Tennen, 2004; Jackson et al., 2017), the measures were not validated and were 

one-question assessments. For example, our mood measure was a simple assessment of 

overall daily mood on a 7-point Likert scale and it does not provide as fine-grained an 

assessment of mood. In addition, we used a paper diary to record nightly mood and 

willingness to drink. It would be important for future studies to use electronic diaries, which 

allow for each entry to be timestamped to ensure compliance with the diary. Lastly, we 

neither measured progesterone levels daily nor did we measure other potentially relevant sex 

hormones (specifically, estradiol). We showed that progesterone levels combined with mood 

were associated with drinking, and accounting for estradiol (or the ratio of progesterone and 

estradiol; e.g., see Martel, Eisenlohr-Moul, & Roberts, 2017) may further illuminate this 

effect. It is important to note that we did not assess if the birth control was hormonal or non-

hormonal. An area for future study would be to determine if the association between 

progesterone fluctuations and drinking varies based on whether women are taking hormonal 

birth control, a question largely unknown.

4.1 Conclusions

Past research on mood and hormone fluctuations as contributors to alcohol use among 

women has demonstrated a plausible basis for continued research. Although the literature 

has shown mixed findings, researchers are now able to use advanced statistical and 

methodological approaches to more fully capture patterns that occur in the natural 

environment, which allows them to tease apart within-subject from between-subject effects. 

It is well known that menstrual cycle and hormone functioning can vary substantially from 

woman to woman, a complexity that is further complicated by the prevalent use of hormonal 

contraception. We found that directly measuring levels of progesterone, as opposed to using 

the proxy measurement of menstrual cycle phase, was more closely associated with drinking 

behavior. However, more research is needed, particularly given the rising rates of AUD in 

women and the large number who identify their menstrual cycle and associated mood 

changes as relevant factors in their alcohol use. Recent research suggests an association 

between estrogen levels and impulsive actions in women (Weafer & de Wit, 2014), and 

another study found that motives for drinking also vary across the menstrual cycle (Joyce et 

al., 2018). Thus, potential moderators of the associations between progesterone and drinking 

– which are areas of future research – include types of hormonal contraception use, estrogen 

levels, trait-based measures of impulsivity, as well as cognitive factors such as coping 
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motives. Indeed, fluctuations in ovarian hormones may be related to women’s alcohol use in 

many ways, including via their propensity to increase negative mood, stress reactivity, and 

impulsivity. Mixed findings on the relationship between hormones and drinking among 

women could reflect the presence of such moderators. It is a promising area of research in 

need of further work. If women are at increased risk of alcohol misuse during certain phases 

of their menstrual cycle, these biological processes need to be considered, particularly when 

treating alcohol misuse. Thus, prevention and intervention efforts may need to consider 

women’s sensitivity to hormonal fluctuations and their emotional and cognitive correlates, 

help women develop coping skills to deal more effectively with these hormonal changes, and 

consider the use of medications to regulate hormonal imbalances.
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Highlights

• Women were more likely to drink when in their late luteal or menstrual phase 

than in their luteal phase when coupled with an overall more positive mood.

• Change in progesterone interacted with women’s daily mood to predict the 

likelihood of drinking.

• Women were more likely to drink on days they experienced a negative mood 

and a decrease in progesterone.

• Increasing progesterone may decrease the likelihood of women experiencing, 

or drinking to cope with, negative emotions.
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Figure 1. 
Progesterone levels on lab visits 1 and 2 based on estimated menstrual phase transition. 

Transition was coded (0) for women who experienced a transition from a lower progesterone 

phase to the luteal/ovulatory phases when progesterone was expected to increase or be high 

and (1) for women who transitioned from the luteal/ovulatory phases to a lower progesterone 

phase.
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Figure 2. 
The interaction of within-individual changes in mood with changes in progesterone. Mood is 

centered at individual’s mood and each point is graphed at 10th percentile intervals. 

Progesterone is graphed at minimum and maximum values of progesterone

Holzhauer et al. Page 23

Addict Behav. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
The interaction of between-woman differences in mood (fixed variable, across time) and 

change in progesterone. Mood is centered at the grand mean and graphed at the minimum 

and maximum values. Each point for change in progesterone is graphed at 10th percentile 

intervals.
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Table 2.

Repeated-measures GLM assessing changes in progesterone.

Model 1. Effect of birth control on changes in progesterone

Within Effect F df p partial η2

Visit 1.171 1 .292 .055

Visit X birth control .327 1 .574 .016

Visit X phase transition 10.080 1 .005 .335

Visit X phase transition X birth control .856 1 .366 .041

Between Effect

Birth control .544 1 .469 .026

Phase transition .789 1 .385 .038

Birth control X phase transition .042 1 .840 .002

Model 2. Effect of last menstrual cycle > 35 days in women who transitioned from luteal to
another phase (n=12) on changes in progesterone

Within Effect F df p partial η2

Visit 4.808 1 .053 .325

Visit X > 35 day cycle .000 1 .984 .000

Between Effect

> 35 day cycle .127 1 .728 .013

Note: Phase transition refers women who transitioned to or from the luteal/ovulatory phases (high progesterone) to any other phase in their cycle. 
Model 2 was only conducted in women who transitioned from luteal/ovulatory phase to any other phase as no women who had cycles over 35 
transitioned from any phase to the luteal/ovulatory phase.
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