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Alcohol use is highly prevalent in young adult women and rates of alcohol use disorder are rising rapidly in this
population. Further, emerging evidence suggests that circulating levels of ovarian hormones influence alcohol
consumption, with increased consumption associated with higher estradiol and lower progesterone levels.
However, less is known about the influence of synthetic hormones (contained in oral contraceptive (OC) pills) on
alcohol use. The current study examined the influence of OC pill phase, ethinyl estradiol (EE) levels, and pro-
gestin levels on self-reported alcohol consumption in healthy female drinkers. Young adult female drinkers using
OCs (N = 21) reported alcohol use across one OC pill pack using the Timeline Followback and provided blood
samples during both pill phases to measure synthetic hormone levels. We compared alcohol use between OC pill
phases (active vs. inactive) using linear mixed effects models for repeated measures and examined correlations
between alcohol use and EE and progestin levels. Results showed that women with higher EE levels reported
increased alcohol consumption (r = 0.56, p = 0.01) and binge drinking (r = 0.45, p = 0.04) in the active pill
phase. Progestin levels and pill phase were not significantly associated with alcohol consumption. These findings
provide preliminary data suggesting increased levels of EE from OC pills are associated with excessive alcohol
consumption in women. Further research is needed to determine if EE plays a causal role in increased alcohol
consumption. This line of research could inform female-specific AUD prevention and treatment strategies among
the large subpopulation of women using hormonal contraceptives.

1. Introduction Dawson et al., 2015; Keyes et al., 2008). Additionally, women accelerate

from alcohol use onset to AUD onset more quickly, are more vulnerable

Alcohol use is highly prevalent among young adults (National
Institute on Alcohol Abuse and Alcoholism, 2023), and young adult
women may be at particularly high risk for problematic alcohol use.
Over the last two decades, problematic drinking and alcohol use disor-
der (AUD) prevalence have been rising sharply in women, largely driven
by young adult women between the ages of 18-31 (Balodis et al., 2009;

to medical consequences from alcohol consumption, and are less likely
to seek treatment for AUD compared to men (Agabio et al., 2017;
Gilbert et al., 2019). These findings highlight the need for research on
female-specific vulnerability to alcohol use.

One important sex-specific, biological factor impacting addiction
vulnerability in women is the influence of ovarian hormones, including
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estradiol (generally associated with increased risk for addiction) and
progesterone (generally associated with decreased risk) (Moran-Santa
Maria et al., 2014; Carroll and Anker, 2010). Recent studies have
investigated the associations between alcohol use and ovarian hormone
levels via blood, saliva, or urine samples. The majority of studies show
that individuals with higher overall estradiol levels tend to drink more
(Frydenberg et al., 2015; Hartman et al., 2016; Hirko et al., 2014;,
although null results have also been reported (Endogenous Hormones
and Breast Cancer Collaborative Group et al., 2013; Rinaldi et al., 2006;
Tsuji et al., 2012). One study to date has correlated within-person
changes in hormone levels with daily alcohol consumption, and found
that periods with increased salivary estradiol levels and lower proges-
terone levels were associated with greater binge drinking (Martel et al.,
2017). Taken together, these findings are in line with the overall
addiction literature, such that greater alcohol consumption is linked to
higher estradiol and lower progesterone levels.

Given that endogenous ovarian hormones impact alcohol consump-
tion, it is also important to consider the large population of women using
oral contraceptives (OCs), which dramatically alter ovarian hormone
levels. The majority of OC users (94 %) are prescribed combined OC pills
containing a synthetic estrogen and a synthetic progesterone (proges-
tin). While ethinyl estradiol (EE) is the most commonly used synthetic
estrogen, progestins vary widely based on brand and formulation and
can be derived from either testosterone, progesterone, or spironolactone
(Royer and Jones, 2014). OC use can be divided into distinct phases: the
active pill phase, when synthetic hormones are delivered, and the
inactive pill phase, when no hormones are delivered. The lack of hor-
mone delivery in the inactive pill phase reduces hormone levels and
triggers breakthrough bleeding similar to menses (Hampson, 2020). OCs
suppress natural production of estradiol and progesterone and reduce
fluctuations in these hormones typically seen in naturally-cycling
women (Fleischman et al., 2010) while delivering high levels of syn-
thetic hormones that enter the central nervous system (Fishman and
Norton, 1977). These synthetic hormones are more potent than their
endogenous forms (Benagiano et al., 2004), and could therefore serve to
increase female vulnerability for alcohol use. Importantly, the dosages
of EE and progestins vary between OC brands, potentially leading some
OC users to have more exposure to synthetic hormones than others.

There is initial evidence that OCs may influence alcohol use. The one
study to date that has considered the effects of OCs on alcohol con-
sumption found that hormonal contraceptive users (including OC users)
report increased alcohol consumption compared to their naturally-
cycling counterparts (Warren et al., 2021). Specifically, over 200
young adult women in the United Kingdom (ages 18-24) completed an
online survey where they reported daily alcohol consumption over the
previous two weeks using the Timeline Followback (TLFB). They found
that women using hormonal contraceptives reported significantly
greater weekly consumption of alcohol than naturally-cycling women.
Given that 85 % of women in the hormonal contraceptive group used
combined OCs, this result suggests that OC use may be associated with
increased alcohol use. However, it is unclear how these results translate
specifically to OC users and how these results may be influenced by
synthetic hormone levels.

The current study examined how OC pills and synthetic hormones
impact alcohol use among young adult women. Healthy OC users who
regularly consume alcohol completed the Timeline Followback (TLFB;
Sobell and Sobell, 1992) to assess alcohol consumption over one OC pill
pack (28 days) and blood samples were obtained to measure synthetic
hormone levels. We examined the influence of OC pill phase (active vs.
inactive) as well as EE and progestin levels on alcohol consumption. We
hypothesized that delivery of synthetic hormones would result in
increased alcohol consumption in the active pill phase compared to the
inactive pill phase. Further, we hypothesized that there would be a
positive relationship between EE levels and alcohol consumption (i.e.,
higher EE levels would be related to more alcohol consumption) and that
there would be an inverse relationship between progestin levels and
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alcohol consumption (i.e., higher progestin levels would be related to
less alcohol consumption).

2. Method
2.1. Design

Healthy female volunteers using OC pills completed measures of
alcohol use as part of a larger study investigating the influence of the
synthetic hormones in OC pills on cognition and behavior related to
motivation for alcohol and nicotine use (data not yet published). Here,
we tested the degree to which alcohol use differed across OC pill phase
and the degree to which circulating levels of synthetic hormones from
OC pills were associated with alcohol use. This study was approved by
the University of Kentucky Institutional Review Board and was carried
out in accordance with the Declaration of Helsinki. All participants
provided written informed consent for participation.

2.2. Participants

Young adult female drinkers (n = 21) who reported current OC use
were recruited through targeted social media advertisements and prin-
ted fliers posted in public areas of a large university campus and in local
businesses in the surrounding area. Volunteers were eligible to partici-
pate if they used a 28-day combined EE-progestin OC pill and consumed
alcohol on a weekly basis. Additional inclusion criteria included age
between 18 and 35, English language fluency, at least a high school
education, and use of current OC for at least 3 months. Participants were
excluded if they used an OC without an inactive pill phase (e.g., Sea-
sonale); used an OC with an extended-cycle (i.e., longer than 28-days);
used other types of hormonal contraceptives; were currently pregnant
or breastfeeding; or reported serious medical or psychiatric conditions,
including severe drug or alcohol use disorder. As part of the larger
parent study, all participants were required to report daily or near daily
use of cigarettes or e-cigarettes.

2.3. Procedure

All participants completed an online screening form to assess study
eligibility and provided informed consent prior to study procedures.
Eligible participants attended two laboratory sessions (one during the
active phase and one during the inactive phase of their OC pill pack) as
part of a larger study. Participants were informed that the purpose of the
study was to investigate the influence of OC pills on motivation for
alcohol and nicotine. Participants were instructed to abstain from
alcohol and recreational drugs for 24 h prior to each session, as verified
by self-report, breath alcohol, and urine screens. Participants were
familiarized with the laboratory procedures and study protocol. They
then completed the TLFB followed by additional questionnaires and
tasks (data not reported here). Blood samples were taken at each session
to measure circulating levels of synthetic hormones. Upon completion of
both sessions, participants were debriefed and compensated $75 for
their time.

2.4. Measures

2.4.1. Timeline Followback (TLFB)

Daily patterns of alcohol consumption were measured using the self-
administered TLFB (Sobell and Sobell, 1992). Participants were given
detailed instructions on how to retrospectively self-report their alcohol
consumption for the past 28 days, including information about standard
alcohol beverage sizes. Participants estimated the total number of
standard alcoholic beverages consumed each day and the amount of
time spent drinking each day. Using this information, we calculated our
drinking measures of interest, including number of drinking days, drinks
per drinking day, and binge drinking episodes (defined as drinking days
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in which 4 or more alcoholic beverages were consumed; National
Institute on Alcohol Abuse and Alcoholism, 2004).

The 28-day TLFB timeframe encompassed one complete contracep-
tive pill pack for each participant. Each combined OC pill pack can be
split into two distinct phases: the active pill phase when synthetic hor-
mones are delivered consistently for 21-24 days (depending on brand)
and the inactive pill phase where placebo pills containing no hormones
are used for 4-7 days. Individual OC pill brands and pill days were
verified using participants’ current pill pack. Each drinking measure was
calculated for the total 28-day cycle, for the active pill phase, and for the
inactive pill phase.

2.4.2. Synthetic hormone levels

Blood samples (approximately 5 mL) were taken by nursing staff at
the University of Kentucky Center for Clinical and Translational Science
(CCTS) Clinical Research Unit. Samples were centrifuged and serum was
separated into approximately 0.75 mL aliquots and frozen until analysis.
All samples were measured for EE and the specific progestin or progestin
prodrug used by each participant. Serum concentrations of EE, noreth-
indrone (NET), norelgestromin (NGMN), etonogestrel (ENG), levonor-
gestrel (LNG), and drospirenone (DRSP) were simultaneously
determined in the Endocrine Technologies Core (ETC) at Oregon Na-
tional Primate Research Center (ONPRC) using liquid chromatography-
tandem triple quadrupole mass spectrometry (LC-MS/MS). The method
for analysis of EE, NET, ENG, and LNG was previously described in Blue
et al., (2018). Addition of NGMN and DRSP in the analytical method is
described in Jensen et al., (2023). Intra-assay variation for all assays was
<8 %. As all samples were analyzed in a single assay, no specific
inter-assay variation was calculated for this sample set. Overall
inter-assay variation for these assays in the ETC is <15 %.

To compare progestin levels across participants using different pro-
gestin types, progestational potency values were used. All serum pro-
gestin levels were converted to their progestin potency relative to that of
NET (Dickey and Stone, 1976; Ness et al., 2000). For example, since 1
mg of NET has the same progestational activity as 1.5 mg of DRSP,
measurements of DRSP were multiplied by 1.5 to be able to directly
compare progestin levels.

2.5. Data analyses

We conducted a series of linear mixed effects models for repeated
measures (Hedeker and Gibbons, 2006) to determine the influence of OC
pill phase (active vs. inactive) on alcohol consumption (drinking days
per week, drinks per drinking day, and binge episodes per week). We
calculated drinking days per week and binge episodes per week to
standardize comparisons across the longer active pill phase (typically 3
weeks) and the shorter inactive pill phase (typically 1 week). The models
accounted for the correlation between repeated measures and were built
by treating observations as nested within subjects and including a
random intercept to allow for individual differences in pill phase effects
on drinking. We then tested for associations between synthetic hormone
levels (EE and progestins) in the active pill phase on alcohol consump-
tion measures in the active pill phase and for associations between
synthetic hormone levels in the inactive pill phase on alcohol con-
sumption measures in the inactive pill phase using bivariate Pearson
correlations.

3. Results
3.1. Sample characteristics

Of the 22 subjects who enrolled in the study, 1 was removed from
analyses as no drinking was reported over the past 28 days on the TLFB
and no hormone assays were measurable due to insufficient blood
sample volume), leaving a final sample size of n = 21. One subject only
attended a laboratory session in the inactive pill phase so only partial
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data were used (i.e., no hormone measures were available for the active
pill phase correlational analyses). One subject had an inactive pill phase
EE level greater than 3 SDs above the mean due to inaccurate session
scheduling on the first inactive pill day, and this outlier was removed
from the dataset for correlational analyses related to inactive EE levels
(partial active phase data from the participant were still used). No other
outliers (i.e., greater than 3 SDs above the mean) were detected for
synthetic hormone levels or alcohol consumption.

Demographic, alcohol use, and lifetime substance use data are pre-
sented in Table 1. Nicotine use was common in the sample as all par-
ticipants were required to report daily or near daily use of nicotine to be
eligible. To address the possibility that nicotine use may have influenced
alcohol use in the sample, we conducted bivariate correlation analyses
between nicotine and alcohol use measures. We did not find any sig-
nificant associations between alcohol consumption measures (total
drinks, drinking days, and drinks per day) and nicotine consumption
measures (total nicotine use sessions, nicotine use days, and nicotine use
sessions per nicotine use day) (rs < 0.24, ps > 0.32). As such, it is not
likely that nicotine use had a substantial impact on alcohol use in this
sample.

All participants used a 28-day combined OC pill (see Table 2).
Eighteen subjects used monophasic pills and two subjects used triphasic
pills. Subjects used OC pills with either a 21-day active pill phase (n =
18) or a 24-day active pill phase (n = 3). Progestin types varied across
the sample, with just over one-third of subjects using formulas con-
taining norethindrone or norethindrone acetate (Table 2).

3.2. Effects of OC pill phase on alcohol consumption

Mean alcohol consumption measures for each pill phase are pre-
sented in Table 3. Linear mixed effects models showed no differences in
alcohol consumption on any measure between the active and inactive
pill phases (ps > 0.87).

3.3. Associations between EE levels and alcohol consumption

Scatterplots depicting associations between active phase mean
alcohol consumption measures and EE levels are presented in Fig. 1. The
figure shows that during the active pill phase, individuals with higher EE
levels consumed greater amounts of alcohol. Specifically, there was a

Table 1
Participant characteristics (n = 21).
Mean (SD)
Age 23.2 (3.7), range 19-31
Education (years) 14.9 (1.9)
Body Mass Index 27.3 (6.8)
Race
Caucasian 19
Multiracial
Other 1
Timeline Followback (28 days)
Drinking Days 8.9 (5.1)
Drinks per Drinking Day 4.4(11.7)
Binge Episodes* 5.1 (3.9)
Nicotine Use Days 22.6 (7.9)
Nicotine Use Sessions per Day** 12.2 (14.1)
Lifetime Substance Use
Alcohol 100 %
Nicotine 100 %
Cannabis 80.9 %
Cocaine 23.8 %
Amphetamines 14.3 %
Sedatives 4.8 %
Opiates 4.8 %
Hallucinogens 19.1 %

Note. *Binge episode defined as 4+ drinks in one drinking episode. **Nicotine
use sessions include cigarette and e-cigarette use.
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Table 2
OC characteristics.

Mean (SD)

EE Levels (pg/ml)
Active phase
Inactive phase

Progestin Levels (ng/ml)*
Active phase
Inactive phase

Progestin Type
Norethindrone
Norgestimate
Drospirenone
Levonorgestrel
Norgestrel
Desogestrel

50.3 (38.7)
14.6 (23.2)

14.6 (21.8)
9.9 (16.5)

== NN

Note. *Progestin levels calculated relative to progestational ac-
tivity of norethindrone.

Table 3
Mean alcohol consumption by pill phase.

Active Pill Phase Inactive Pill Phase P

Alcohol Consumption

Drinking Days per Week 2.21 (1.26) 2.24 (1.26) 0.87
Drinks per Drinking Day 4.29 (1.78) 4.36 (2.29) 0.89
Binge Episodes per Week 1.27 (1.06) 1.29 (1.19) 0.95

significant, positive association between EE levels in the active pill
phase and binge episodes in the active pill phase, such that individuals
with higher EE levels reported more binge drinking episodes (r = 0.45, p
= 0.045). Additionally, there was a significant, positive association
between EE levels in the active pill phase and drinks per drinking day in
the active pill phase, such that individuals with higher EE levels reported
consuming more drinks per drinking day (r = 0.56, p = 0.011). EE levels
were not significantly associated with the number of drinking days in the
active pill phase (r = 0.38, p = 0.096).

Scatterplots depicting associations between inactive phase mean
alcohol consumption measures and EE levels are presented in Fig. 2. The
figure shows that during the inactive pill phase, EE levels were not
associated with alcohol consumption, include number of drinking days
(r =-0.17, p = 0.50), drinks per drinking day (r = -0.05, p = 0.84), or
binge episodes (r = -0.07, p = 0.79).
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3.4. Effects of progestins on alcohol consumption

Bivariate correlations between alcohol consumption and relative
progestin levels in the active and inactive pill phases are shown in
Table 4. There were no significant associations between relative pro-
gestin levels in the active pill phase and alcohol consumption (ps > 0.46)
or between relative progestin levels in the inactive pill phase and alcohol
consumption (ps > 0.08).

4. Discussion

This study examined the influence of OCs and the synthetic hor-
mones they contain on alcohol consumption in young adult females. In
line with our hypothesis, higher EE levels were associated with greater
alcohol consumption, particularly drinking quantity. Specifically, OC
users with higher circulating EE levels in the active pill phase reported
more binge drinking episodes and consuming more drinks per drinking
day. This association was specific to the active pill phase, when synthetic
hormones were actively delivered. Contrary to our hypothesis, alcohol
use did not differ between the active and inactive OC pill phases and
alcohol use was not associated with relative progestin levels.

Our findings related to EE levels and alcohol consumption align with
previous findings linking estradiol with greater alcohol consumption in
women. Multiple reports have shown that higher endogenous estradiol
levels are related to increased alcohol intake (Frydenberg et al., 2015;
Hartman et al., 2016; Hirko et al., 2014) and binge drinking (Martel
et al.,, 2017). Importantly, our findings that OC users with higher EE
levels reported increased alcohol consumption and binge drinking sug-
gest that observed associations between endogenous estradiol and
alcohol use may extend to synthetic EE as well. Moreover, these asso-
ciations may be even more pronounced for synthetic estradiol, as the EE
contained in OC pills delivers a considerably more potent version than
the endogenous form (Benagiano et al., 2004).

The observed preliminary association between higher EE levels and
increased drinking in OC users could have potentially important impli-
cations for AUD risk in young adult women. Although speculative at this
point, it is possible that high circulating levels of EE from high dose OCs
could be contributing to increased alcohol consumption in this already
vulnerable population (Balodis et al., 2009; Dawson et al., 2015; Keyes
et al., 2008). If so, it will be important for providers to consider the risk
of elevated alcohol consumption when prescribing OCs. For instance,
providers may consider reducing the prescription of OCs with high EE
doses, particularly among young women with other risk factors for AUD,
in favor of alternate contraceptive methods (e.g., progestin-only OCs,
progestin-only intrauterine devices, or non-hormonal intrauterine
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Fig. 1. Associations Between Ethinyl Estradiol and Alcohol Consumption in the Active Pill Phase. There was a significant, positive correlation between ethinyl
estradiol (EE) levels in the active pill phase and binge episodes in the active pill phase (A) and drinks per drinking day in the active pill phase (B). EE levels in the
active pill phase were not significantly associated with the number of drinking days in the active pill phase (C). * indicates p < 0.05.
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Fig. 2. Associations Between Ethinyl Estradiol and Alcohol Consumption in the Inactive Pill phase. Ethinyl estradiol levels in the inactive pill phase were not
associated with binge episodes in the inactive pill phase (A), drinks per drinking day in the inactive pill phase (B), or number of drinking days in the inactive pill

phase (C).

Table 4
Bivariate correlations between synthetic hormone (EE and progestin) levels and
alcohol consumption.

Active Pill

Phase
EE Progestin Drinking Drinks per Binge
Level level Days Drinking Episodes
Day
1. EE level -
(pg/ml)
2. Progestin 0.176 -
level (ng/
ml)
3. Drinking 0.382 0.078 -
Days
4. Drinks per 0.557* -0.118 0.239 -
Drinking
Day
5. Binge 0.454* 0.176 0.850** 0.592%** -
Episodes
Inactive Pill
Phase
EE Progestin Drinking Drinks per Binge
Level Level Days Drinking Episodes
Day
1. EE level -
(pg/ml)
2. Progestin 0.703** -
level (ng/
ml)
3. Drinking -0.167 -0.164 -
Days
4. Drinks per ~ -0.049 -0.400 0.294 -
Drinking
Day
5. Binge -0.066 -0.337 0.752** 0.681** -
Episodes

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant
at the 0.01 level (2-tailed).

devices). Additionally, it may be important to include information about
the potential risks of increased drinking, including the development of
AUD, in patient package inserts in OCs with high EE doses. Finally, it
will be important to consider the impact of hormonal contraception
methods that expose women to even higher levels of EE than OCs,
particularly transdermal delivery systems (i.e., patches) (Agile Thera-
peutics, 2019).

Despite findings related to EE levels and alcohol consumption in the

active pill phase, we did not find associations between EE levels and
alcohol consumption in the inactive pill phase. This may suggest that EE
is associated with alcohol consumption specifically when EE is being
administered in the active pill phase, as opposed to when EE levels are
quite low and being eliminated from the body in the inactive pill phase.
In line with this, over half of participants displayed negligible EE levels
in the inactive pill phase. Additionally, the half-life of EE is thought to be
between 10 and 20 h (Stanczyk et al., 2013), further highlighting the
steep drop off of EE levels during the inactive pill phase.

Contrary to hypothesis, we did not find a significant relationship
between relative progestin levels and alcohol consumption in either pill
phase. This may be due to the wide variety of progestins used across
participants. The progestins contained in the various OC formulations
differ based on their binding affinity for hormone receptors, making it
somewhat difficult to conduct direct dose-related comparisons across
OC formulations. Given that previous studies have shown different
cognitive effects between progestin types (Gurvich et al., 2020; Hamp-
son et al., 2022), it is possible that these effects may extend to different
behavioral effects, such as alcohol use. This highlights a need for future
research to investigate the effects of different classes of progestins on
alcohol consumption in OC users.

This study has several limitations. First, the sample size was quite
small and predominately Caucasian. Second, individual participants in
our sample reported using a wide variety of OCs, including different
progestin types and dosing schedules (i.e., monophasic and triphasic
pills). Additionally, we did not account for duration of OC use despite
evidence from previous studies suggesting that the influence of OC use
on cognition may differ based on overall length of exposure (Egan and
Gleason, 2012; Hidalgo-Lopez et al., 2023). It will be important to
replicate these findings with larger samples that will be sufficiently
powered to investigate differences in alcohol consumption based on
different progestins, dosing schedules, or duration of use. Third, alcohol
consumption measures relied on retrospective self-reports, which may
not reflect accurate drinking levels or may be biased by the social
desirability of the participants. Fourth, we did not collect data on
quantity or frequency of recent cannabis use. Given that a large majority
of the sample (80 %) reported lifetime cannabis use, as well as the high
prevalence of alcohol and cannabis co-use (Hai et al., 2022; Yurasek
etal., 2017), it will be important for future studies to look at associations
between synthetic hormones and cannabis use as well. Finally, this study
was correlational in nature, meaning that future, longitudinal studies
will be needed to examine the casual effects of the delivery of EE on
alcohol consumption.

In conclusion, this study provides preliminary evidence for a rela-
tionship between the synthetic hormone EE and alcohol use among
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young adult OC users. Specifically, we found that OC users with higher
circulating EE levels reported increased alcohol consumption and binge
drinking. It will be important for future studies to examine the degree to
which EE exerts a causal influence on alcohol consumption, as well as
potential mechanisms underlying the associations between EE and
increased drinking. This line of research will likely have important im-
plications for understanding risk for AUD in young adult women, as well
as for the development of targeted prevention and treatment efforts.
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