
Comprehensive Psychoneuroendocrinology 5 (2021) 100022
Contents lists available at ScienceDirect

Comprehensive Psychoneuroendocrinology

journal homepage: www.elsevier.com/locate/cpnec
The effects of menstrual cycle stage and hormonal contraception on alcohol
consumption and craving: A pilot investigation

Jasmine G. Warren a,*, Laura Goodwin a,b, Suzanne H. Gage a,b, Abigail K. Rose a,b,**

a Department of Psychology, Institute of Population Health, University of Liverpool, UK
b Liverpool Centre for Alcohol Research, University of Liverpool, UK
A R T I C L E I N F O

Keywords:
Menstrual cycle
Hormonal contraception
Alcohol
Craving
Mood
Anxiety
Stress
Impulsivity
* Corresponding author.
** Corresponding author. Department of Psycholo

E-mail addresses: J.Warren2@liverpool.ac.uk (J.

https://doi.org/10.1016/j.cpnec.2020.100022
Received 3 September 2020; Received in revised fo
2666-4976/© 2020 The Authors. Published by Else
nc-nd/4.0/).
A B S T R A C T

Background and aims: Although alcohol research often comments on observed sex differences (i.e. patterns of
consumption), there is a lack of investigation into the reasons for these differences. For females, the regular
hormonal fluctuations across the menstrual cycle are a potential influencing factor for alcohol consumption. In
this pilot we aimed to investigate the relationship between menstrual cycle phase (follicular-phase [FP] and
luteal-phase [LP]) and status (naturally-cycling [NC] and hormonal-contraception [HC]) on alcohol consumption
and craving of casual drinkers, and identify potential influencing factors in this relationship.
Methods: Study One: participants (n ¼ 28; 15 HC, 13 NC) were either NC or HC (between subject factor: hormonal
status) and attended two lab-based sessions corresponding with their FP and LP (within factor: cycle phase [NC]
or time [HC]). Participants completed a mock alcohol taste-test, in addition to pre- and post-consumption mea-
sures of craving, anxiety, stress, and mood. Study Two: participants (n ¼ 262; 144 HC, 118 NC) were either NC or
HC (between subject factor) and completed an online study assessing menstrual cycle phase, alcohol use, craving,
impulsivity, and stress.
Results: Study One: A significant effect of cycle phase was found on alcohol craving (p ¼ .019): craving was higher
during the FP compared to the LP for NC participants, with HC participants showing no difference across sessions.
There was no effect of phase or status on alcohol consumption, stress, or mood (ps > .05). Study Two: Regression
analyses showed that age, craving, impulsivity and stress were significantly associated with alcohol consumption
for NC participants (ps < .05), however only age and craving were associated with consumption for the HC
participants (ps < .001).
Conclusions: Alcohol craving was higher during the follicular, compared to the luteal, phase for the naturally
cycling group, and different factors may be associated with drinking behaviour across women who are NC and
those using HC. Future alcohol research should consider the menstrual cycle and contraceptive status for females.
1. Introduction

Since 2006, the prevalence rates for hazardous and problematic
drinking amongst the UK adult population have not declined [1], yet in
2018/19 alcohol-related hospital admissions were 6% higher than the
previous year [2]. The need for more effective treatments and in-
terventions has led to interest in identifying population-specific factors
(e.g. sex) which may influence drinking behaviour and inform future
treatments [3,4]. This may be particularly beneficial given that the
sex-gap in the prevalence of alcohol use is decreasing [5], largely due to
an increase in female drinking which may involve reduced stigma
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surrounding female alcohol use and changes in the gender roles of
women [6,7]. In terms of heavy alcohol use, prevalence rates are highest
among females aged 16–24 years [1].

Sex differences exist in the motivations for alcohol use, e.g. males are
more likely to drink for social reasons whereas females are more likely to
use alcohol as a coping strategy [8]. Given that the experience of negative
states, and reactivity to such states, can differ across menstrual cycle [9],
this is one possible mechanism by which cycle might influence alcohol
use [10]. Biological responses to alcohol also show sex differences. For
instance, females experience the subjective effects of alcohol at lower
doses [3]; progression to alcohol use disorders occurs at lower
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consumption levels [11,12]; and women are particularly susceptible to
alcohol-related harm (e.g. risk of breast cancer, a typically female dis-
ease, has a dose-dependent relationship [12,13]). Despite evidence of
sex-specific alcohol use and harm, most theoretical models and treat-
ments are applied without considering such sex-differences [11].
Sex-specific factors, such as sex hormones may contribute to some of
these differences [3], for instance, gonadal-hormones may be an influ-
ential factor through their effects on the menstrual cycle [3,11].

The average menstrual cycle is 28 days long and has two phases:
Follicular (FP) and Luteal (LP) which are characterised by different levels
of gonadal hormones. The FP (day 1 [first day of menses] to day 13) is
characterised by a higher oestrogens (i.e. estradiol) to progesterone ratio,
whereas the LP (day 15 to day 28) is characterised by a higher proges-
terone to oestrogens ratio. Ovarian hormones (i.e. oestrogens and pro-
gesterone) have been found to affect substance use through various
mechanisms in both animal models and human literature [11,14]. For
example, oestrogen changes neuronal excitability which affects synaptic
transmission [15], and alcohol metabolism is faster in female mice
following the administration of an oestrogen (estradiol) by increasing the
effects of alcohol degrading enzymes [16]. Overall, estradiol appears to
enhance the motivation to take drugs whereas progesterone counteracts
this effect [17–19]. See Fig. 1 for hormonal levels across the cycle.

Substances such as alcohol are more rewarding during the FP,
perhaps due to increased neural excitability [12,15] which may mean
that alcohol’s positive effects are experienced more quickly. For instance,
higher oestrogen levels during the FP have been associated with
enhanced positive effects during substance use [20]. Such effects of
ovarian hormones may also explain the finding that during the FP, fe-
males may be at greater risk of relapse to alcohol use [21]. A potential
role for hormones on substance use is further evidenced by the admin-
istration of oral micronized progesterone during the FP, which substan-
tially attenuates the positive subjective effects of substances with respect
to the normal LP [22].

Despite these important possibilities, recent reviews have highlighted
an insufficient level of research investigating the effects of the menstrual
cycle on human alcohol use and the potential factors confounding this
relationship, and identified limiting methodological inconsistencies in
the existing literature [3,11,23].

Similarly, stress [22], negative mood [24], and impulsivity [25] are
all positively associated with drinking and fluctuate over the menstrual
cycle. For example, brain activity responses to stress can differ between
Fig. 1. Diagram of oestrogen and progesterone levels
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menstrual cycle phases [26], and women report greater stress reactivity
to psychosocial stressors during the LP [27] (this association has been
further evidenced with biological markers such as cortisol [28]).

We can crave alcohol for both its positive (e.g. rewarding) and
negative (e.g. stress relief) reinforcing effects. Craving has a well-
established relationship with alcohol use; higher craving is positively
associated with higher consumption [29,30] and craving for other sub-
stances, e.g. nicotine, has been shown to differ significantly between
cycle phases [31]. This is important as women may use and/or crave
alcohol due to its ability to relieve stress and other negative moods,
again, suggesting that such negative states may be a mechanism by which
menstrual cycle affects alcohol use. A final factor to consider is age due to
the shift in menstrual cycle hormonal patterns. Age is important as there
is significantly less cycle variability between ages 20–40, compared to
the first few years after menarche or when females approach menopause
[25]. Thus, age is likely to affect the relationship between the menstrual
cycle and alcohol use.

Given the existing findings that menstrual cycle may influence
alcohol use, the present research aimed to explore this relationship in
more detail, by taking into account both cycle phase (FP and LP) and
hormonal contraception (HC) use (HC leads to a more stable hormonal
levels [3,11], see Fig. 2). Additionally, we considered the roles of craving,
stress, state-mood, and impulsivity as potential mediators. As the existing
literature has not suggested reliable methods for studying this associa-
tion, the current pilot research employed two methodologies. To address
these aims, we conducted two studies, a lab-based study (study one) and
an online, observational cross-sectional study (study two). Study one
used a mixed design; the within-subjects factor of cycle phase for the
Naturally Cycling (NC) group/time for the HC group allowed the com-
parison of the effects of the FP and the LP as the NC participants attended
the lab twice (once during each phase). The between-subjects factor of
cycle status (NC vs HC) allowed the HC group to act as a quasi-control
condition (as they do not experience traditional menstrual cycle pha-
ses) to determine whether any effects were present amongst those
without natural hormonal shifts. For study two, factors associated with
consumption (age, craving, mood, stress, and impulsivity) were explored
with the between-subjects factor being HC use (NC vs HC).

Based on existing literature, for study one we hypothesised that
within the NC group, females would consume more alcohol and crave
alcohol to a higher degree during the FP compared to LP. We also
hypothesised that the HC participants would not differ between the two
across the menstrual cycle for NC females [46].



Fig. 2. Diagram of oestrogen and progesterone levels for HC users [46].
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sessions as they have more constant levels of ovarian hormones. Finally,
we predicted that current craving, state-mood, stress and impulsivity
would act as mediating variables for any relationship between menstrual
cycle phase and alcohol consumption. For study two, we hypothesised
differences in alcohol consumption and craving between the NC and HC
groups. Additionally, we predicted that age, craving, impulsivity and
stress would be more strongly associated with alcohol use in the NC
group, as the NC group experience hormonal fluctuations which these
factors may be associated with.

2. Materials and methods – study one

2.1. Participants

Female undergraduate university students (n¼ 29) were recruited via
opportunity sampling. Participants were either naturally cycling or using
any ‘hormonal contraception’. One participant was excluded from the
analysis as they reported after the study that they purposefully consumed
less in one lab visit due to sickness. The final sample size for analysis (n¼
28; 14 NC and 14 HC) was sufficient to detect a large effect size while
ensuring 80% power at α ¼ 0.05, calculated in G*Power 3.1 [32]. In-
clusion criteria were: 1) aged 18 years and over; 2) fluent English
speaker; 3) consumed alcohol at least once a week; 4) provide a
breathalyser reading of 0.0 mg/l at the start of each experimental session;
and 5) like the taste of white wine spritzer (the drink provided in the
study). Exclusion criteria were: 1) had a child through pregnancy; 2)
history of or currently seeking treatment for alcohol use disorder; 3)
currently seeking to reduce alcohol use; 4) currently using medication
that would affect alcohol consumption e.g. cold/flu medication. This
study was approved by the Ethics Committee at the host university.
2.2. Materials

Period Tracker Application: Flo © [33], a period tracker smartphone
application was used to monitor cycle phase for NC participants. Par-
ticipants downloaded the application and were given a user guide during
their first visit to the lab.We used average cycle length and day of cycle to
determine phase via the countback method [34] and cross-checked this
with the application provided by Flo © when the participants visited the
lab. Order of sessions was counterbalanced for NC participants.

Alcohol Urge Questionnaire (AUQ [35]): an eight-item Likert scale
3

(Strongly Disagree-Strongly Agree) measured current alcohol urge across
three domains: desire for alcohol; inability to resist drinking available
alcohol; and the expectation of positive effect from drinking alcohol.

State Trait Anxiety Inventory (STAI [36]): a 20-item scale measured
feelings associated with anxiety (e.g. tension, and nervousness), giving
an overall score of state anxiety. Participants indicated on a four-point
Likert scale the extent to which they agreed with each statement (e.g. I
feel strained; I feel calm).

Profile of Moods Scale (POMS [37]): a 72-item questionnaire
measured current mood across eight primary mood states (anxiety,
depression, anger, vigour, fatigue, confusion, friendliness and elation)
and two composite mood states (arousal and positive mood). Arousal
scores were a combination of ([anxietyþ vigour] - [fatigueþ confusion])
and Positive mood scores were a combination of (elation - depression).
Overall, higher scores indicated greater arousal and positive mood.

Stress statement (SS): a 10-point Likert scale measured current stress,
with 0 indicating no stress - 10 indicating extreme stress.

Drinks preparation and mock taste test [38]: drinks consisted of
TESCO Supermarket’s own brand white wine (125mLs, ABV 12%)mixed
with the participants’ choice of either 50 mLs of TESCO Supermarket’s
own brand diet lemonade or TESCO Supermarket’s own brand soda
water. Two drinks were provided and were served in identical wine
glasses (total beverage 350 mLs; 1.2 units of alcohol). Participants were
given 10 minutes to complete a mock taste-test where they were
instructed to consume as much or as little as they liked to rate the drinks
on several taste scales (e.g. Sweet, Bitter). Alcohol consumption (mLs)
was the primary outcome measure, calculated by subtracting the
post-taste test weight by the pre-taste test weight.
2.3. Procedure

Testing was conducted in lab facilities at the host university, between
the times of 1–6 p.m. The NC participants attended a session to download
the Flo © application and tracked their period for a minimum of two
weeks before the experimental sessions. All participants (NC and HC)
attended two identical experimental sessions, approximately two weeks
apart allowing for the NC participants to attend the lab once during each
cycle phase (determined using the Flo © application). On arrival, par-
ticipants had to provide a baseline breath alcohol measurement of 0.00
mg/l using the Lion Alcometer 500 © (Lion Laboratories Ltd, Barry, UK)
before completing a battery of baseline self-reports: AUQ; STAI; POMS;
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and SS. The researcher then provided the participant with the alcoholic
beverages before leaving the room to allow completion of the 10 minute
mock taste test. At the end of the taste test, the participants completed a
second STAI, POMS, and SS before leaving the lab once breathalyser
readers were �0.17 mg/l. At the end of the second session, participants
were asked what they thought the aims of the study were before being
debriefed (no participants correctly guessed the aims of the study). Each
experimental session lasted approximately 45 minutes.
2.4. Statistical analyses

Two 2x2 mixed ANOVAs were conducted to analyse the effects of the
within-subjects factor (menstrual cycle phase for NC/time for HC) and
the between subjects factor (group/contraception use) on the dependent
variables: 1) alcohol consumption; and 2) alcohol craving. Regression
analyses were used to determine whether there were relationships be-
tween cycle phase/session and the potential mediating factors: craving;
stress; and mood. We planned to conduct mediation analyses if re-
lationships were found with phase/session as the independent variable,
alcohol craving and alcohol consumption as dependent variables, and
craving, stress, and mood as mediators. To test whether the effects of
alcohol were different by cycle phase and/or group we calculated change
scores (post-alcohol scores – baseline scores) for anxiety, mood distur-
bance (arousal and positive), and stress. We then conducted four 2x2
mixed ANOVAs with the change scores as the dependent variables and
the within-subjects factor (menstrual cycle phase for NC/time for HC)
and the between subjects factor (group).

3. Results – study one

3.1. Participant characteristics

Out of the 28 participants, 13 were NC and the remaining 15 were HC
users with an overall mean age of 20.47 (�1.91); NC ¼ 21 (�2.20) and
HC ¼ 19.93 (�1.62). See Table 1 for baseline measures of craving,
anxiety, mood and stress, and taste-test alcohol consumption.
3.2. Baseline craving and taste-test alcohol consumption (mLs)

The analysis revealed a significant main effect of cycle phase/session
on craving (F ¼ 6.24, p ¼ .019, ηp2 ¼ 0.19) with participants craving
alcohol more during the FP compared to the LP. There were no main
effects of cycle phase/session (F ¼ 4.13, p ¼ .053, ηp2 ¼ 0.14) or group
(F ¼ 0.62, p ¼ .440, ηp2 ¼ 0.02) on consumption, nor was there an
interaction (F ¼ 2.49, p ¼ .126, ηp2 ¼ 0.09). There was no main effect of
group (F ¼ 4.05, p¼ .055, ηp2 ¼ 0.14), nor an interaction between cycle
phase/session and group on craving (F ¼ 1.12, p ¼ .300, ηp2 ¼ 0.04).
Table 1
Study One descriptive statistics for Taste-test alcohol consumption and baseline
characteristics.

Variable Mean (SD)

NC (n ¼ 13) HC (n ¼ 15)

FP LP Session 1 Session 2

Taste-test
Consumption
(mLs)

180.19
(108.56)

122.69
(89.39)

178.73(75.97) 171.53
(86.29)

Craving (AUQ score) 20.69
(6.13)

15.92
(7.19)

24.73 (9.85) 22.80
(7.97)

Anxiety (STAI score) 36.15
(8.76)

38.92
(12.55)

38.87 (11.48) 37.20
(10.23)

Mood Disturbance
(POMS score)

1.01 (2.10) 1.71
(4.15)

3.47 (5.20) 2.57
(3.90)

Stress 4.38 (2.29) 5.31
(2.43)

5.23 (2.19) 4.93
(2.66)
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3.3. Mediating variables

The analyses revealed no statistically significant main effects of cycle
phase or group, or an interaction of both on baseline measures of anxiety,
stress, or mood (Fs � 1.60, ps � .217, ηp2�0.06). Also, the analyses for
the effects of alcohol on measures of anxiety, mood or stress showed no
significant main effects of phase or group, nor interactions on change
scores (Fs � 4.13, ps � .053, ηp2�0.14). Given that there were no re-
lationships between phase/time point and any of the potential mediators
(craving mood, anxiety, mood, and stress; ps > .05), the planned medi-
ation analysis was not appropriate. (See Fig. 3 and 4)

4. Materials and methods – study two

4.1. Participants

Female participants were recruited via opportunity sampling (i.e.
online advertisements; posters); those in study one were not excluded
from participation. A total of 98 responses were removed (92 incomplete;
4 removed as participants took over 24 hours to complete and the recall
period was the previous week; 1 reported at the end of the study that they
never consume alcohol; 1 was removed as they were unsure about their
use of hormonal contraception). As the data was skewed we report the
results both before (n ¼ 298) and after removing outliers that were �3
Standard Deviations from the mean (n¼ 261). The minimum number for
analysis was 261 participants which was sufficient to detect a medium
effect size while ensuring a minimum of 80% power at α ¼ 0.05, calcu-
lated in G*Power 3.1 [32]. Participants were 18–24 years old and the
median response time to complete the questionnaire was 13.01 minutes.
Inclusion criteria were: 1) aged 18 years and over; 2) fluent English
speaker. Exclusion criteria were: 1) had a child through pregnancy; 2)
history of or currently seeking treatment for alcohol use disorder; 3)
currently seeking to reduce alcohol use. More detailed measurement of
contraception type showed that, within the HC group, 85.1% used the
combined oral contraceptive, 10.6% used the hormonal implant, and
4.3% were using the Marina coil. This study was approved by the Ethics
Committee at the host university.
4.2. Materials

Time Line Follow Back (TLFB [39]): this is a retrospective diary that
measures daily alcohol use for the previous two weeks and has shown
reliability in previous studies [40]. Participants were asked to provide as
much information as possible, e.g. quantity and brand, and average
Fig. 3. Bar chart displaying the mean amounts of alcohol consumed (mLs)
comparing cycle phase/session and group (including 95% CIs).



Fig. 4. Bar chart displaying the mean alcohol craving scores (AUQ) comparing
cycle phase/session and group (including 95% CIs).
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weekly unit consumption was calculated. The TLFB is especially reliable
for self-administered web-based methods for reporting drinking behav-
iour among young adults [41].

Weekly Stress Inventory-Short Form (WSI–S [42]): this was used to
measure both the number of stressful events (WSI-Event) as well as their
perceived subjective impact (WSI-Impact). Participants were asked to
complete the 25-item scale by indicating on a seven-point Likert scale the
stress that they experienced if they had a stressful encounter (e.g. Was
without privacy). The WSI has high internal consistency and congruent
validity [42]. The scale reliability in the present study was very good
with an internal consistency of Cronbach’s α ¼ 0.849.

Barratt’s Impulsivity Scale (BIS [43]): this was used to give a total
score of impulsivity with higher scores indicating higher impulsivity. The
30-item questionnaire allowed participants to indicate how often they
display a behaviour (e.g. I change jobs) ranging from rarely/never to
almost always/always. BIS has high internal consistency [44]. The scale
reliability in the present study for total BIS scores was acceptable with an
internal consistency of Cronbach’s α ¼ 0.638.

Approach-Avoidance Alcohol Questionnaire (AAAQ [45]): this was
used to assess self-reported craving, giving three scores: alcohol--
inclination; alcohol-obsessed; and alcohol-avoidance). Participants rated
14 items on eight-point Likert scales the extent to which they agreed with
a statement about their alcohol related behaviours in the previous week
(e.g. I wanted to drink as soon as I had the chance). The AAAQ gives three
scores: inclined (mild inclinations to drink); obsessed (intense in-
clinations to drink); and avoidant (inclinations to avoid alcohol).
Although the AUQ was used in study one, the AAAQ was more suitable
for participants recalling the previous week of alcohol craving. The scale
reliability in the present study was very goodwith an internal consistency
of Cronbach’s α ¼ 0.812; inclination α ¼ 0.757; obsessed α ¼ 0.811;
avoidance α ¼ 0.652.
Table 2
Study Two descriptive statistics for alcohol consumption and associated factors.

Variable Mean (SD)

NC (n ¼ 118) HC (n ¼ 144)

Consumption (units of alcohol; 10 mL/8g) 12.87 (11.35) 17.46 (13.66)
Craving (Inclined) 5.83 (2.13) 6.32 (1.88)
Craving (Avoidant) 2.18 (1.21) 1.96 (1.06)
Craving (Obsessed) 1.97 (1.30) 2.07 (1.39)
Impulsivity 69.93 (10.69) 68.90 (11.13)
Stress 64.88 (21.98) 65.81 (21.68)
4.3. Procedure

The online study was delivered using Qualtrics (online survey soft-
ware). All participants reported their age, followed by menstrual cycle
information (contraception use, type of contraception, and cycle infor-
mation). NC participants completed cycle questions (average cycle
length, length of previous period, date of previous period) in order for us
to determine which cycle phase they were in using the countbackmethod
[34]. HC participants selected the type of hormonal contraception they
used. After this they completed the TLFB, WSI–S, BIS, and AAAQ.
5

4.4. Statistical analyses

A MANOVA was conducted to analyse whether the between subjects
factor (contraception use) influenced the dependent variables (alcohol
consumption and alcohol craving). Hierarchical regressions were used
for each group (NC and HC) to assess the influence of the variables
associated with alcohol consumption. The steps in each regression were:
1) Age; 2) Craving; 3) Impulsivity; and 4) Stress. The number of NC
participants who answered the cycle questions correctly was not suffi-
cient to run an analysis comparing cycle phases.

5. Results – study two

5.1. Participant characteristics

Out of the 298 participants, 131 were NC and the remaining 167 were
HC users. The mean age of participants in the NC group was 20.04 years
(�3.01) and for the HC group was 19.83 (�2.68). After outliers were
removed there were 262 participants remaining: 118 NCwith a mean age
of 19.54 (�2.20) and 144 HC with a mean age of 19.63 (�2.12). See
Table 2 for descriptive statistics for alcohol consumption and associated
factors.

5.2. Craving and alcohol consumption (units; 10 mL/8g)

The MANOVA results showed that those in the HC group consumed
significantly more alcohol than those in the NC group (F ¼ 13.40, p <

.001, ηp2 ¼ 0.04) and were also more alcohol inclined (according to the
AAAQ) (F ¼ 7.08, p ¼ .008, np2 ¼ 0.02). However, there was no sig-
nificant difference between the groups regarding alcohol obsession (F ¼
1.43, p ¼ .233, np2 ¼ 0.01) or alcohol avoidance (F ¼ 3.17, p ¼ .076,
np2¼ 0.01). After outliers (�3 Standard Deviations from the mean) were
removed the results showed that those in the HC group still consumed
significantly more alcohol than those in the NC group (F¼ 8.46, p¼ .004,
ηp2 ¼ 0.03). However, there was no longer a difference between the NC
and HC groups for scores on the alcohol inclined dimension of the AAAQ
(F ¼ 3.70, p ¼ .056, np2 ¼ 0.01). As before, there was no evidence for a
difference between groups for alcohol obsession (F¼ 0.31, p¼ .581, np2
¼ 0.00) or alcohol avoidance (F ¼ 2.34, p ¼ .127, np2 ¼ 0.01).

5.3. Factors associated with consumption in NC group

The hierarchical regression model predicted approximately 29.8%
variance in the amount of alcohol consumed in the NC group. The results
showed a negative association between age and alcohol consumption.
After controlling for age, craving and impulsivity were both positively
associated with alcohol consumption. However, stress was not associated
with alcohol consumption. After outliers (�3 Standard Deviations from
the mean) were removed, the regression model predicted approximately
33.6% variance in the amount of alcohol consumed amongst the NC
group. A negative association was found between age and alcohol con-
sumption. Craving and impulsivity were still positively associated. In
addition, stress became positively associated with alcohol consumption
(Table 3).



Table 3
Regression showing the associations between factors and alcohol consumption
for the NC group (outliers removed).

Variable Cumulative Simultaneous

R2-change F-change B P

Step 1
Age .104 F(1,115) ¼ 13.33** -.15 .071

Step 2
Alcohol Inclined .117 F(3,112) ¼ 5.63* .21 .027
Alcohol Obsessed .12 .199
Alcohol Avoidant -.11 .204

Step 3
Impulsivity .076 F(1,111) ¼ 12.05* .25 .004

Step 4
Stress .039 F(1,110) ¼ 6.38* .22 .013

**p < .001; *p < .05.

Table 4
Regression showing the associations between factors and alcohol consumption
for the HC group (outliers removed).

Variable Cumulative Simultaneous

R2-change F-change B P

Step 1
Age .095 F(1,142) ¼ 14.97** -.23 .003

Step 2
Alcohol Inclined .226 F(3,139) ¼ 15.47** .34 <.001
Alcohol Obsessed .26 .005
Alcohol Avoidant -.08 .319

Step 3
Impulsivity .000 F(1,138) ¼ 0.04 .03 .664

Step 4
Stress .010 F(1,137) ¼ 2.04 -.11 .156

**p < .001; *p < .05.
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5.4. Factors associated with consumption in HC group

The hierarchical regression model predicted approximately 35.4% in
the amount of alcohol consumed amongst the HC group. Similar to the
NC group, older participants consumed less alcohol, and higher craving
scores predicted higher alcohol consumption. However, neither impul-
sivity nor stress were significantly associated with alcohol consumption.
See Table 4 for regression results. After outliers (�3 Standard Deviations
from the mean) were removed, the regression model predicted approx-
imately 33.2% in the amount of alcohol consumed amongst the HC
group. The individual associations between factors and consumption
remained the same: older participants consumed less alcohol, and higher
craving scores predicted higher alcohol consumption. However, impul-
sivity and stress were not associated with alcohol consumption. See
Table 4 for regression results.

6. Discussion

Using both lab- and online-based methods, the current pilot research
sought to identify whether differences in alcohol consumption occurred
between menstrual cycle phase, between females who were NC or HC,
and to explore whether any differences were influenced by factors pre-
viously associated with drinking behaviour (craving, stress, mood, and
impulsivity). Interestingly, as the studies employed different methods to
address these aims, the findings did differ across the two studies. Study
one (lab-based) showed that NC and HC participants displayed different
alcohol-related behaviours. Contrary to our prediction, NC participants
did not consume more alcohol during the FP compared to the LP in the
experimental study. However, in line with previous literature [31] the
NC group displayed higher alcohol craving during the FP. Further, the
quasi-control HC group did not display this shift in craving across the two
sessions, supporting our hypothesis that HC participants would not differ
between the two sessions. The measures of craving, stress, mood and
impulsivity did not appear to be influenced by cycle phase, as such they
did not influence the relationship between cycle phase and alcohol
consumption. We did not find any effects of alcohol on mood, stress, or
anxiety scores for either phase or group. This differed from study two; the
online data found that the HC group reported higher alcohol consump-
tion and levels of craving compared to the NC population. Additionally,
as hypothesised, the regression model predicted more variance in the
alcohol consumed amongst the NC group compared to the HC group. Age,
craving, impulsivity, and stress were all significantly associated with
alcohol consumption for the NC group, whereas, impulsivity and stress
were not associated with consumption for the HC group.

The findings of the present study support previous research which has
shown that females may bemore susceptible to substance cravings during
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their FP [19], as we found NC individuals displayed increased alcohol
craving during this phase. This could be because the sample consisted of
young females and younger samples may be driven more by the positive
reinforcing effects of alcohol. Interestingly, the HC group showed
consistently high levels of craving, which could be because the hormonal
content of the contraception is more similar to the FP than the LP, i.e.
higher oestrogen levels and/or lower progesterone levels (see Figs. 1 and
2). This hormonal explanation is also supported by previous findings [17,
18,22]. However, there are both monophasic and triphasic methods of
hormonal contraception which contain different amounts of oestrogen
and, as such, the HC group in this study cannot be considered homoge-
nous. Additionally, in study one the type of hormonal contraception was
not recorded. Future research should consider contraceptive type to
control for the differences in hormonal content.

Overall, the results of the present research suggest that NC and HC
groups have different patterns of alcohol-related behaviour. One expla-
nation could be hormonal level patterns, as the NC group had cyclical
fluctuating levels of oestrogen and progesterone whereas the HC group
experienced reduced fluctuations of ovarian hormones. However, this is
speculative and more research is needed to investigate causality,
particularly research using blood serum samples to measure hormone
levels, which would aid our understanding of the potential underlying
effects of hormonal level shifts across the cycle. Additionally, these
findings suggest that the NC group may have more complex motivations
with more factors associated with consumption in comparison to the HC
group which, again, could be a result of the fluctuating hormones and the
effects of these on the reward system [26,47,48].

To our knowledge, this is the first work to use multiple methodologies
to investigate the relationship between the menstrual cycle, alcohol use
and potential mediators [3,11,23]. Study one was also the first to use a
period tracker to determine cycle phase within this field, use a mixed
design, and utilise hormonal contraception users as a quasi-control
group. Although we cannot be sure of cycle phase, further studies
could verify this method of using a period tracker using blood samples to
assess hormone levels (oestrogen and progesterone). The pattern of re-
sults across the two studies may be due to the different methodologies
used. Alcohol consumption was found to differ between the NC and HC
groups in study two but not in study one. There are several potential
reasons for this. Firstly, there was a sample size discrepancy between the
two studies, with study two having a larger sample, meaning these results
may be more reliable. Secondly, study one was conducted in the lab
environment which is somewhat artificial, this may then have influenced
the participants’ responses and behaviour [49]. This could also explain
why consumption levels were low overall in study one. We also used
different measures of consumption; in study one we measured amount of
alcohol consumed in mLs, whereas in study two we relied on participant
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recall of alcohol consumption in the previous week. Therefore in study
two, participants could recall consumption over a longer period of time
which is more representative of overall consumption compared to a 10
minute window. Additionally, participants can underreport alcohol
consumption with measures such as the TLFB, as such future research
may benefit from an ecological momentary assessment (EMA) design.
Regarding the differences in the effects of the other variables measured,
again the online study is arguably more ecologically valid as participants
can reflect on their experiences within their usual environment. Whereas,
those in study one may have felt similar moods and stress levels as they
were in the same environment. It must also be noted that the sample in
study one comprised mostly of undergraduate students and as such their
alcohol consumption and stress levels may be influenced by the time of
year (i.e. during exams), although we avoided these periods during data
collection. Finally, the studies heavily relied on self-report measures
which do not always match with objective behaviour. The cross-sectional
method also poses additional issues with regard to reliable measurement
of alcohol use. These serve as additional rationales for future studies to
adopt EMAmethods in order to capture real-timemeasures whichmay be
more accurate.

This was the first study to encompass the potential role of mediating
factors, e.g. stress [3,11]. Although we did not find any relationships
between the mediating factors and alcohol use by phase/group in the
lab-based study, the online study revealed that factors such as craving,
stress, and impulsivity were associated with alcohol consumption
amongst NC participants. Perhaps the difference in findings between the
studies was due to study one discriminating between menstrual cycle
phases, whereas study two simply compared the NC and HC samples. An
additional issue arises from cross-sectional methods as it is inherently
difficult to ascertain cycle phase using a self-report countbackmethod. As
such, future online studies would benefit from a longitudinal design to
compare the two cycle phases of individuals. Nevertheless, the findings
from the online study suggest that the lack of ovarian hormonal shifts in
the HC group may result in alcohol consumption which is less influenced
by psychological factors. This is compatible with previous research which
has shown that the menstrual cycle influences craving, impulsivity, and
stress [31,50,51]. The results from the regression models showed that
age was significantly associated with consumption for both NC and HC
groups, with older individuals consuming less alcohol. Although such
findings might be related to a variety of demographic and socioeconomic
factors, e.g.. family/work/study responsibilities, oestrogen levels do start
to decline after the key reproductive years [52], whichmay also be linked
with lower alcohol use. Further research is needed to establish the factors
responsible for this relationship.

Research would benefit from larger sample sizes as, although we used
a power calculation to determine the sample size for both studies, the
sample was still relatively small for the lab-based study which reduces
the reliability of the findings [53]. Additionally, the sample for study one
was homogeneous and self-selected (e.g. the age range of 18–25). This
was beneficial to control for potential heterogeneous factors that influ-
ence the relationship between the menstrual cycle and alcohol use, such
as age (as shown in study two). Future research should aim to investigate
whether the findings are replicated in different samples (e.g. childbirth
history) and cross-culturally as research has shown cross-cultural dif-
ferences in reports of both somatic, behavioural and psychological
pre-menstrual symptoms [54]. It is also important to consider potentially
confounding factors in relation to premenstrual syndrome which has
been reported to affect alcohol use [55]. A limitation of the studies is that
they did not measure baseline consumption. This must be considered in
future studies to ensure that the participants usually consume similar
amounts of alcohol. Finally, an important limitation to consider is that
although using the period tracker for the participants in the present study
revealed their cycles were regular, there was no way to ensure that they
usually experience regular cycles. As such, future research should ensure
that they recruit females with regular menstrual cycles and monitor their
cycle for a minimum of two months. Regarding additional factors, more
7

robust measures of stress (i.e. the Trier Social Stress Test [56]) and
impulsivity (i.e. the stop-signal task [57]) could be included in future
study designs.

Finally, gonadal-hormones do appear to be an influential factor for
sex-specific patterns of alcohol use [3,11]. The menstrual cycle in
particular appears to affect factors associated with alcohol use, as such
the present research and future work in this field could be used to inform
treatments for alcohol use disorder (AUD), e.g. hormonal contraception
may influence alcohol consumption in individuals receiving treatment
for AUD.

7. Conclusions

Overall, the findings showed that females who were NC craved
alcohol more during their FP compared to their LP, whereas hormonal
contraception users did not display this shift. However, these findings did
not translate to subsequent alcohol consumption, nor did we find craving,
stress or mood to be mediating variables. The findings also revealed that
age, craving, impulsivity, and stress were all associated with alcohol
consumption in a NC sample, whereas impulsivity and stress were not
associated in a HC sample. These findings highlight that future alcohol
research should consider menstrual cycle and hormonal contraception,
and the corresponding hormonal patterns.
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