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Summary

An important part of the side effects of combined oral
contraceptives (COC) usage is its psychological impact, which
includes mood changes, anxiousness and depression. The
psychological impacts are expected to be caused by physiological
fluctuations of sex hormone levels during the menstrual cycle;
this cycling is, however, suppressed in COC users. In our study,
we assessed the differences in emotional awareness and
anxiousness between women long term users of anti-androgenic
COC (AA) and women with no COC use in their medical history
(C). We also searched for intraindividual differences by
comparing the results of both groups for the follicular and luteal
phase of their cycle. Atotal of 45 women aged 18 to 22
participated in this study. The respondents were given our
battery of questionnaires at the beginning of their follicular phase
— this battery included two State-Trait Anxiety Inventory
questionnaires (STAI-I, STAI-II), as well as a Levels of Emotional
Awareness Scale (LEAS) test. The respondents were given only
STAI-I in their luteal phase. We also analyzed the hormonal
profile of our respondents. Our results show a significant
difference in the LEAS analysis, implying the possibility of altered
emotional awareness in AA group. STAI-I and STAI-II analysis
did not yield any significant results, showing that anxiety levels of
COC users probably do not differ from the general female
population. We therefore discovered lower emotional awareness
in COC using women (AA).
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Introduction

The cyclical changes of hormonal levels caused
by the ovarian cycle are vital for the physiological
functions of the female reproductive tract. This aspect of
female body physiology has been extensively studied and
is considered well described and documented. As
lipophilic  steroid derivatives, estrogen (E) and
progesterone (P) can cross the blood brain barrier freely.
Both E and P are crucial for the development and
function of the brain, and their lack after menopause
plays a central role in the cognitive changes of
postmenopausal women. This level of importance of both
E and P is due to the abundant expression of their
respective receptors in many of the brain's regions [1].
Most notably, progesterone receptors (PR) have been
detected in the amygdala, hippocampus, the frontal cortex
and, naturally, in the hypothalamus [1]. Among these
responsible for emotional

regions, amygdala is
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processing, being an integral part in the process of
emotional awareness; it also has one of the highest
densities of estrogen receptors (ER) in the brain [2].

If looked at individually from the behavioral
standpoint, E and P exhibit opposite effects on reaction to
reward, disgust and reaction to negative stimuli [3,4].
However, their individual roles are exchanged in each
situation as P increases reactivity to negative stimuli and
disgust and decreases the reaction to reward; E exhibits
the exactly opposite effects [3].

While taking combined oral contraceptives
(COCQ), the concentration of all of the sex hormones is
lower than it would be through most of the physiological
cycle [5]. An
COC prescription is the level of androgenic activity of its

menstrual important aspect of
gestagenic component, which can vary significantly. This
adds another dimension to an already intricate endocrine-
neurological interference of hormonal contraceptives.

Broadening the already complex hormonal
interplay, cortisol should not be omitted. The effect of
cortisol on emotional processing is time dependent, as
cortisol exhibits rapid (non-genomic) and long-term
(genomic) effect as well. As of the rapid effect, cortisol
promotes the state of hypervigilance, enhancing the
connectivity between amygdala and prefrontal cortex and
increasing activity in the amygdala, increasing processing
of fear and anxiety, heightening the emotional
interference, reducing the focus and selected attention on
the presented task with emotional distraction present. The
long-term effect, on the other hand, decrease the
emotional interference, promoting the top-down
regulation, from the prefrontal cortex [6]. Cortisol levels
are heavily context dependent although the HPA axis
reactivity to psychological and physiological stressors in
naturally cycling women varies across the menstrual cycle,
increasing throughout the luteal phase [7]. The COC use
blunts the luteal cortisol response, however elevated
circulating cortisol levels has been recorded as well,
suggesting a possible dysregulation in HPA axis. Elevated
trait anxiety has not been shown to impact cortisol levels,
yet the psychological stress response seems to be amplified
[8].

Data regarding COC effect on mood varies, with
some studies showing positive and other negative effects
[9,10]. It is important to state, that the women without
mood or affective side effects would be more likely to
continue with the COC use, creating a “survival effect”
[9,10].

Emotional awareness is a cognitive ability which

allows us to differentiate and regulate emotions
experienced as a part of allostasis [11]. Very low
emotional awareness may manifest in terms of
alexithymia, where patients cannot name and describe
their emotions, while simultaneously attributing them to
somatic experience. Structural basis of this ability lies in
the corticolimbic connection, namely prefrontal cortex,
insula, anterior cingulate complex, hippocampus,
[12]. Through

hypothalamus, the hypothalamic-pituitary-adrenal axis

amygdala and  hypothalamus
(HPA axis) and autonomic system are included as well.
Finally, just like other cognitive abilities, emotional
awareness follows a developmental model, patterned after
Piaget's cognitive developmental model, which is utilized
in the performance test used in this study called Levels of
Emotional Awareness Scale (LEAS) [12].

Another psychometric method utilized in this
study is State-Trait (STAD)
questionnaire. STAI is a commonly used measure of trait

Anxiety Inventory
and state anxiety developed in the early 1960s, and
proves to be a useful diagnostic method for anxiety, as
well as for the differentiation between anxiety and
depressive disorders. STAI retained its clinical relevance
thanks to multiple updates it received over the course of
years [13].

The aim of this study was to measure and
quantify the levels of emotional awareness, anxiousness
as a long-term trait and anxiety in long-term COC users
and compare it to naturally cycling women using
psychometric methods. We chose methods which do not
require a high level of psychological education, as they
may present an easily available tool for ambulatory
physicians considering prescribing COC.

Methods

Ethical approval and subjects

The study was approved by the Ethical committee
of the Faculty of Medicine, Masaryk University Brno, Czech
Republic. It was conducted in accordance with the principles
stated in the Declaration of Helsinki. All respondents were
informed about the aim and purposes of the study and they
signed an informed consent that was archived.

This study included 45 women aged 18 to 22.
The participants were divided into 2 groups: anti-
androgenic COC group (AA, 22 women; age: 20.9 years
old) and control group (C, 23 women; age: 20.8 years
old). All COC users were using monophasic combined
hormonal 0.03 mg,

contraception  (ethinylestradiol
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dienogest/chlormadinone acetate 2 mg) for at least one
year. None of the women in the C group had a medical
history of COC usage. Both groups denied any use of
psychotropic medication and/or drugs and stated no
mental health diagnosis in the entry questionnaire. During
the respondent recruitment, the women were kindly asked
to use a reliable menstrual calendar app in their
smartphones to allow us to precisely plan their visits to
our laboratory. All respondents had two appointments
with our team, during which they were given the
questionnaires as a part of a complex evaluation of their
health parameters. Both appointments were scheduled
during the same menstrual cycle — the first appointment at
the beginning of the follicular phase (2-4 days after the
start of the cycle) and the second appointment during the
luteal phase (usually 21* day of the cycle).

Psychometric tests

LEAS uses model situations, in which the person
states how she/he would feel, while also stating how they
think another person would feel in the same situation. In
this research, participants were presented with a shortened
10 model
(LEAS B). They were supposed to consider and write

version of LEAS containing situations
down their emotions in each of the situations (evaluated in
category: LEAS self), as well as the emotions of another
person mentioned in the situation (evaluated in category:
LEAS other). This act of writing down the emotions
depicts conscious awareness of them. Based on the highest
score achieved in both categories, a third category is
evaluated as well (LEAS together). Depending on the
number and differentiation of emotions written, the person
receives a score for herself, the other person, and for the
situation as a whole [12]. Lower results in this test are
associated with depression and psychosomatic diseases,
post-traumatic stress disorder or addiction to various
substances [13]. Higher results are on the other hand
associated with anxiety and generalized anxiety disorder
[12,13]. This method provides a more complex depiction
of emotional recognition and processing, where not only
the simple emotions, but complex blends of emotion,
including the ability to differentiate the emotion that the
evaluated. LEASB
questionnaires were evaluated by 2 independent analysts.

other person would feel, are

10 random tests were then evaluated by 2 people
independently to calculate the inner test reliability as
Pearson correlation in all three categories.

The other psychometric test used in our research
was the STAI questionnaire. We used the Form X of

STAI (STAI X), which, although containing only

20 items, is suitable even for the differentiation of trait
and state anxiety and not only for the estimation of
general anxiety level. Its original form had 40 items,
20 of them related to trait anxiety (STAI II) and 20 to
state anxiety (STAII). Higher scores in STAI are
associated with higher levels of anxiety.

During the follicular phase, LEAS, STAI II and
STAI I (STAI I F) were conducted. During the luteal
phase, STAI I (STAI I L) was conducted again.

Hormonal profile assessment

The respondents had their blood drawn during
both of their scheduled sessions in our laboratory. The
samples were handled according to common laboratory
practice, centrifuged and the resulting aliquots were
stored in a freezer in -80 °C. The levels of estradiol (E2),
progesterone (P) and cortisol (GC) were analyzed using
the ELISA method. Physiological ranges of hormones are
provided by laboratory guidelines. This analysis was
conducted in cooperation with the Department of
Pharmacology & Department of Laboratory Methods of
the Faculty of Medicine of Masaryk University and with
the Department of Laboratory Methods of Masaryk
Memorial Cancer Institute.

Statistical analysis

For our statistical analysis, we used the program
14.1. (StatSoft). Given the
distribution, we used the average and standard deviation

Statistica Gaussian
as descriptive statistics. However, because of non-
homogeneity of variance between groups, we used
nonparametric statistic tests for comparison. First, we
used the Mann-Whitney test to find differences in studied
parameters between AA and C groups. Paired Wilcoxon
test was used for comparison between luteal and
follicular phases. Paired samples ¢-tests were used for the
comparison between STAI for the assessment of the role
of anxiety in the immediate psychological state (STAI I)
and for the evaluation of long-term anxiousness as
a personality trait (STAI II), as well as the LEAS
questionnaire.

Results

The results of the psychometric tests used in this
research are displayed in Table 1. Our analysis has
yielded a statistically significant difference in the LEAS
score between the group AA and the group C, showing
lower scores of emotional awareness in the group of
women using COC with anti-androgenic effect. More
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specifically, the statistically different results occurred in
the “Others” and “Together” categories.

Statistically significant differences in anxiety
and anxiousness between the groups were not found
within STAI II; neither was there a difference in STAI 1
between follicular and luteal phase within or between the
groups. The results of STAI I and STAI II were analyzed
according to the percentile tables [14]. STAI I F and
STAIIL in AA were in 45 percentile. In C, STAI I F was
in 35 percentile, and STAI I L was in 25 percentile.
STAI Il in AA was in 55 percentile and STAI II in C was
in 30 percentile.

The results of the hormonal analysis between
AA and C groups are shown in Table 2. In the follicular
phase both groups were within the reference interval,
without any statistically significant difference among
them. As for the luteal phase, the mean AA group E2 was
below the reference interval. The mean E2 levels in
C group were within the reference interval, significantly
higher than in the group AA. The results of E2 levels
between the follicular phase and the luteal phase in
groups are represented in the Figure 1. We found
significant difference in E2 between the follicular phase

Table 1. STAI and LEAS Results.

and the luteal phase in both groups.

In the follicular phase the AA group had the
mean P slightly out of the reference interval, while the mean
C group concentration of P was on the lower limit of
reference interval. In the luteal phase the mean C group level
of P was within the reference interval while the AA group
P level remained lower than the physiological range. The
results of P levels between the follicular phase and the luteal
phase in groups are shown in the Figure 2. We did not find
significant difference in P between the follicular phase and
the luteal phase in AA. In C the concentration of P was
significantly higher in the luteal phase.

In the follicular phase, the mean C group
GC level was on the lower end of the reference interval,
while the mean AA group level was on the upper limit of
the reference range. In the luteal phase, this difference
became even more prominent, with the mean C group
GC level being physiological and the AA group GC level
being higher than the reference interval upper limit. The
results of GC levels between the follicular phase and the
luteal phase in groups are represented in the Figure 3. We
did not find significant difference in GC between the
follicular phase and the luteal phase in both groups.

LEAS
STAIIF STAIIL STAIII
Self Others Together
AA 39+7.2 39411 47+10.8 31+4.6 30+4.2 354+4.8
C 37+6.8 35+6.8 43+10.8 32+3.8 33+3.5 39+3.8
p-level NS NS NS NS p<0.05 p<0.05

Parameters are expressed as mean * standard deviation. State-Trait Anxiety Inventory (STAI), STAI measures of state anxiety (STALI),
STAI measures of trait anxiety (STAI II), the follicular phase of cycle (F), the luteal phase of cycle (L), Levels of Emotional Awareness
Scale (LEAS), women long term users of anti-androgenic contraception (AA), women with no contraception use in their medical

history (C), non-significant difference (NS).

Table 2. Hormonal profile.

E2 [pmol/l] P [nmol/1] GC [nmol/l]
Reference interval 40-606 0.5-4.4 76-536
Follicular AA 95.8+£75.5 0.41+0.16 458.1+159.6
phase C 136.5+41.9 0.55+0.2 222.5495.4
p-level p<0.05 p<0.05 p<0.01
Reference interval 121-718 14.1-89.1 76-536
AA 19.8 0.4 565.2
Luteal phase
C 509.4 21.9 180.0
p-level p<0.01 p<0.01 p<0.01

Parameters are expressed as mean * standard deviation. Estradiol (E2), progesterone (P), cortisol (GC), women long term users of
anti-androgenic contraception (AA), women with no contraception use in their medical history (C), non-significant difference (NS).
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Fig. 1. Estradiol levels in the follicular
phase and the luteal phase in AA and
Cgroups. Boxplot: median-middle
line; box range — lower and upper
quartile; line-range of non-outliers.
Follicular phase (F); Luteal phase (L);
women long term users of anti-
androgenic contraception (AA),
women with no contraception use in
their medical history (C); F vs. L:
Wilcoxon paired test; AA vs. C: Mann-
Whitney test; Statistical significance:
*p<0.05; **p<0.01, ***p<0.001.

Fig. 2. Progesterone levels in the
follicular phase and the luteal phase in
AA and C groups. Boxplot: median-
middle line; box range - lower and
upper quartile; line-range of non-
outliers. Follicular phase (F); Luteal
phase (L); women long term users of
anti-androgenic contraception (AA),
women with no contraception use in
their medical history (C); F vs. L:
Wilcoxon paired test; AA vs. C: Mann-
Whitney test; Statistical significance:
*p<0.05; **p<0.01, ***p<0.001.

Fig. 3. Cortisol levels in the follicular
phase and the luteal phase in AA and
C groups. Boxplot: median-middle
line; box range — lower and upper
quartile; line-range of non-outliers.
Follicular phase (F); Luteal phase (L);
women long term users of anti-
androgenic contraception (AA),
women with no contraception use in
their medical history (C); F vs. L:
Wilcoxon paired test; AA vs. C: Mann-
Whitney test; Statistical significance:
* p<0.05; ** p<0.01, *** p<0.001.
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Discussion

One of the mechanisms of COC action is
negative feedback, when exogenous E and P suppress
endogenous sex hormones production and induce
anovulatory cycle. Our results show significantly lower
E2 and P concentration in AA in comparison with C in
the follicular phase. The difference between the mean
groups in P and E2 levels caused by the COC, became
more prominent in the luteal phase, as the corpus luteum
was not formed in the AA group. The difference in
E2 levels between the phases in the AA group was
probably caused by earlier follicular phase progression,
as the blood samples were taken 4 days after the
beginning of menstruation, during which placebo pills are
ingested. The similar difference in E2 concentration in
COC users were found in several studies [15].

Emotional awareness combines identifying and
labelling the whole spectrum of human emotions.
Previous research has focused mainly on identifying
emotions through facial emotion recognition test,
yielding conflicting results. Radke and Dentrl and
Kimming et al. did not find significant differences in
emotion recognition, yet Hamstra et al. found impaired
emotion recognition of negative emotions in COC using
with
haplotypes, implying the relevance of specific genomic

women specific  mineralocorticoid  receptor
profile [16-18]. However, these studies used facial
emotion recognition tests incorporating only basic
emotions. Pahnke ef al. used more sensitive methodology
and found significant differences in the recognition of
complex emotions, suggesting that a more nuanced test
would disclose the differences in emotion recognition
[19]. Such nuance, combined with the aspect of cognitive
processing through labelling is offered in LEAS.

Our results proved significant in the “others”
category, where participants were not as able to attribute
differentiated, complex and many times ambivalent
emotions to other people in the presented scenarios.
Therefore, presented results offer more complex image of
emotional processing in respect to psycho — bio — social
model as it reflects real — life situations in the context of
the participant. Lower emotional awareness would project
into more affective behavior, as it is essential for adaptive
emotion regulation. The inability to accurately assess the
emotions of different people hinders the quality of
interpersonal exchange. In the following paragraphs, we
shall explore the possible biological mechanisms by

which the COC alters emotional awareness.

In the brain, the molecular effect of E and P is
both genomic (long-term) and non-genomic (short-term).
E affects the serotoninergic and P and his metabolites
modulate the GABAergic system. Evidence suggests
an interplay in their mechanism, as they may target
structures inversely. Furthermore, synthetic sex hormones
do not always suffice in all of the genomic and non-
genomic mechanisms. To be more precise, long term
COC use decreases the allopregnanolone (ALLO)
concentration in the plasma and in the brain, while also
altering the GABA, composition through a change in the
Y2 subunit gene expression [20,21].

Long term use of COC influences almost all
brain structures involved in emotional awareness. Based
on the current literature, it seems like low doses of sex
hormone derivatives in COC do not suffice in brain
specific neurotrophic genomic effects of P and E. As their
concentration is lower than in naturally cycling women,
changes in the functional corticolimbic connectivity
manifesting in diminished emotional awareness seems
plausible. Furthermore, COC introduces its own specific
genomic effect, such as the mentioned y2 subunit gene
expression [9,10,20].

Allopregnanolone is a potent anxiolytic agent
GABA, allosteric effect [22]. Its
pharmacodynamics are similar to those of ethanol,

with positive

barbiturates and benzodiazepines. While also peaking in
luteal phase, its fluctuation is not proportionate to
P plasma levels [23-25]. In respect to these fluctuations,
GABA, receptor density fluctuates as well, via receptor
up and down regulation [26]. Lower concentrations of
ALLO may cause depression during pregnancy and its
decrease after termination of pregnancy may lead to
postpartum depression [26,27]. Suboptimal response of
GABA, receptor density and GABA, hyposensitivity to
ALLO fluctuation reflect anxiety, mood disruptions and
irritation in women with premenstrual dysphoric disorder
(PMDD). Another hypothesis postulates a paradoxical
reaction to ALLO in women with PMDD, where ALLO
is the direct cause of symptoms in a specific dose,
proposing a U-shaped effect similar to that of P [28].
Estrogen component in COCs increases the
production of corticosteroid-binding globulin (CBG),
which raises total cortisol levels. This effect has been
well-documented in several studies [29,30]. The elevated
cortisol levels in the AA group could have also altered
the emotional awareness. Remarkably, our analysis has
not shown any correlation between cortisol levels and
LEAS, even though cortisol plays a role in emotional
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processing. It could be explained by a difference between
total cortisol and free cortisol concentration. Studies
show that while total cortisol may rise due to increased
CBG, free cortisol may remain stable or even decrease in
some cases.

Even though we can compare the effect of E and
P based on measured psychometric differences between
the phases of the menstrual cycle, another question would
be the
hormones as the agents of neural plasticity, especially in

long-term effect of synthetic reproductive
early adulthood, when the amygdalo-cortical projections
sprout massively [31]. Human brain is nothing less than
the opposite of a static system, undergoing continuous
structural changes based on both internal and external
conditions. This process of structural changes at the
synaptic level is called neuroplasticity. Both endogenous
and exogenous reproductive hormones act as mediators of
such changes, including the hormones from COC [32].
Several neuroimaging studies have shown structural
differences between naturally cycling and women using
COC, showcasing (among other structures) reduced gray
matter volume and activation in hypothalamus, yet
another prominent structure in the context of emotional

References

processing and emotional awareness [30,30,33,34].
Furthermore, COC decreases ALLO concentration in the
brain, which resulted in change in social and sexual
behavior in animal models, while also being suspected for
affective side effects in women using COC [21]. This
may be one of the many reasons why a considerate
portion of COC users choose to discontinue further use of
hormonal contraceptives, as they experience negative
advert effects on their mood and emotions [35].

Based on the results, we can conclude that the
AA group has lower emotional awareness, which could
have been caused by several mechanisms. It could have
been caused by both genomic and non-genomic effects of
altered P and E or their synthetic counterparts included in
COC.

neuroendocrine mechanism.

It could have been caused by a different

Conflict of Interest
There is no conflict of interest.

Acknowledgements
This work  was
MUNI/A/1547/2023.

funded by grant project

1. Brinton RD, Thompson RF, Foy MR, Baudry M, Wang J, Finch CE, Morgan TE, ET AL. Progesterone Receptors:
Form and Function in Brain. Front Neuroendocrinol 2008;29:313-339. https://doi.org/10.1016/1.yfrne.2008.02.001
2. Gu X, Hof PR, Friston KJ, Fan J. Anterior Insular Cortex and Emotional Awareness. J Comp Neurol

2013;521:3371. https://doi.org/10.1002/cne.23368

3. LiuM, Zhang X, He Z, Liang Y, Zou B, Ma X, Gu S, Wang F. Opposite effects of estradiol and progesterone on
woman's disgust processing. Front Psychiatry 2023;14:1161488. https://doi.org/10.3389/fpsyt.2023.1161488

4.  Sakaki M, Mather M. How reward and emotional stimuli induce different reactions across the menstrual cycle.
Soc Personal Psychol Compass 2012;6:1-17. https://doi.org/10.1111/j.1751-9004.2011.00415 x

5. Wright AA, Fayad GN, Selgrade JF, Olufsen MS. Mechanistic model of hormonal contraception. PLoS Comput Biol
2020;16:1007848. https://doi.org/10.1371/journal.pcbi. 1007848

6.  Henckens MJ, van Wingen GA, Joé€ls M, Fernandez G. Time-dependent effects of cortisol on selective attention

and emotional interference: a  functional
https://doi.org/10.3389/fnint.2012.00066
7. Klusmann H, Luecking N, Engel S, Blecker

cycle-related changes

MRI

study. Front Integr Neurosci 2012;6:66.

MK, Knaevelsrud C, Schumacher S. Menstrual

in HPA axis reactivity to acute psychosocial and physiological stressors -

A systematic review and meta-analysis of longitudinal studies. Neurosci Biobehav Rev 2023;150:105212.

https://doi.org/10.1016/j.neubiorev.2023.105212

8. Schlotz W, Schulz P, Hellhammer J, Stone AA, Hellhammer DH. Trait anxiety moderates the impact of
performance pressure on salivary cortisol in everyday life. Psychoneuroendocrinology 2006;31:459-472.

https://doi.org/10.1016/j.psyneuen.2005.11.003

9.  Oinonen KA, Mazmanian D. To what extent do oral contraceptives influence mood and affect? J Affect Disord
2002;70:229-240. https://doi.org/10.1016/S0165-0327(01)00356-1




S788 Keceretal. Vol. 73

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Pletzer BA, Kerschbaum HH. 50 years of hormonal contraception-time to find out, what it does to our brain.
Front Neurosci 2014;8:256. https://doi.org/10.3389/fnins.2014.00256

Kanbara K, Fukunaga M. Links among emotional awareness, somatic awareness and autonomic homeostatic
processing. Biopsychosoc Med 2016;10:16. https://doi.org/10.1186/s13030-016-0059-3

Lane RD. Theory of emotional awareness and brain processing of emotion. Int Congr Ser 2006;1287:116-121.
https://doi.org/10.1016/j.ics.2005.12.041

Laux L. Das State-Trait-Angstinventar (STAI): Theoretische Grundlagen und Handanweisung. Weinheim: Beltz,
1981, 75 p.

Spielberger C, Gorsuch R, Lushene R. Mannual for the State-Trait anxiety inventory STAI (Form). 1970.
Baerwald AR, Pierson RA. Ovarian Follicular Development During the Use of Oral Contraception: A Review.
J Obstet Gynaecol Can 2004;26:19-24. https://doi.org/10.1016/S1701-2163(16)30692-2

Radke S, Derntl B. Affective responsiveness is influenced by intake of oral contraceptives. Eur Neuropsychopharmacol
2016;26:1014-1019. https://doi.org/10.1016/i.euroneuro.2016.03.004

Kimmig A-CS, Bischofberger JA, Birrenbach AD, Drotleff B, Limmerhofer M, Sundstrdm-Poromaa I, Derntl B.
No Evidence for a Role of Oral Contraceptive-Use in Emotion Recognition But Higher Negativity Bias in Early
Follicular Women. Front Behav Neurosci 2022;15:773961. https://doi.org/10.3389/fnbeh.2021.773961

Hamstra DA, de Kloet ER, van Hemert AM, de Rijk RH, Van der Does AJW. Mineralocorticoid receptor
haplotype, oral contraceptives and emotional information processing. Neuroscience 2015;286:412-422.
https://doi.org/10.1016/j.neuroscience.2014.12.004

Pahnke R, Mau-Moeller A, Junge M, Wendt J, Weymar M, Hamm AO, Lischke A. Oral Contraceptives
Impair  Complex Emotion Recognition in  Healthy = Women. Front Neurosci 2019;12:1041.
https://doi.org/10.3389/fnins.2018.01041

Rapkin AJ, Biggio G, Concas A. Oral contraceptives and neuroactive steroids. Pharmacol Biochem Behav
2006;84:628-634. https://doi.org/10.1016/1.pbb.2006.06.008

Santoru F, Berretti R, Locci A, Porcu P, Concas A. Decreased allopregnanolone induced by hormonal

contraceptives is associated with a reduction in social behavior and sexual motivation in female rats.
Psychopharmacology (Berl) 2014;231:3351-3364. https://doi.org/10.1007/s00213-014-3539-9

Li SH, Graham BM. Why are women so vulnerable to anxiety, trauma-related and stress-related disorders? The
potential role of sex hormones. Lancet Psychiatry 2017;4:73-82. https://doi.org/10.1016/S2215-0366(16)30358-3
Genazzani AR, Petraglia F, Bernardi F, Casarosa E, Salvestroni C, Tonetti A, Nappi RE, ET AL. Circulating levels
of allopregnanolone in humans: gender, age, and endocrine influences. J Clin Endocrinol Metab 1998;83:2099-2103.
https://doi.org/10.1210/jcem.83.6.4905

Backstrom T, Bixo M, Johansson M, Nyberg S, Ossewaarde L, Ragagnin G, Savic I, ET AL. Allopregnanolone
and mood disorders. Prog Neurobiol 2014;113:88-94. https://doi.org/10.1016/j.pneurobio.2013.07.005

Kimball A, Dichtel LE, Nyer MB, Mischoulon D, Fisher LB, Cusin C, Dording CM, ET AL. The
Allopregnanolone to Progesterone Ratio Across the Menstrual Cycle and in  Menopause.
Psychoneuroendocrinology 2020;112:104512. https://doi.org/10.1016/j.psyneuen.2019.104512

Hantsoo L, Epperson CN. Allopregnanolone in premenstrual dysphoric disorder (PMDD): Evidence for

dysregulated sensitivity to GABA-A receptor modulating neuroactive steroids across the menstrual cycle.
Neurobiol Stress 2020;12:100213. https://doi.org/10.1016/1.ynstr.2020.100213
Hellgren C, Akerud H, Skalkidou A, Bickstrom T, Sundstrdm-Poromaa I. Low serum allopregnanolone is

associated with symptoms of depression in late pregnancy. Neuropsychobiology 2014;69:147-153.
https://doi.org/10.1159/000358838

Sundstrom-Poromaa I, Comasco E, Sumner R, Luders E. Progesterone - Friend or foe? Front Neuroendocrinol
2020;59:100856. https://doi.org/10.1016/].yfrne.2020.100856

Kirschbaum C, Kudielka BM, Gaab J, Schommer NC, Hellhammer DH. Impact of Gender, Menstrual Cycle
Phase, and Oral Contraceptives on the Activity of the Hypothalamus-Pituitary-Adrenal Axis. Psychosom Med
1999;61:154. https://doi.org/10.1097/00006842-199903000-00006




2024 Effect of Hormonal Contraceptives on Anxiety and Emotions S789

30. Hertel J, Konig J, Homuth G, Van der Auwera S, Wittfeld K, Pietzner M, ET AL. Evidence for Stress-like
Alterations in the HPA-Axis in Women Taking Oral Contraceptives. Sci Rep 2017;7:14111.
https://doi.org/10.1038/s41598-017-13927-7

31. Cunningham MG, Bhattacharyya S, Benes FM. Amygdalo-cortical sprouting continues into early adulthood:

implications for the development of normal and abnormal function during adolescence. J Comp Neurol
2002;453:116-130. https://doi.org/10.1002/cne. 10376

32. Been LE, Sheppard PAS, Galea LAM, Glasper ER. Hormones and neuroplasticity: A lifetime of adaptive
responses. Neurosci Biobehav Rev 2022;132:679-690. https://doi.org/10.1016/j.neubiorev.2021.11.029

33. Brennick MK, @kland I, Graugaard C, Brennick KK. The Effects of Hormonal Contraceptives on the Brain:
A Systematic Review of Neuroimaging Studies. Front Psychol 2020;11:556577.
https://doi.org/10.3389/fpsyg.2020.556577

34. Chen KX, Worley S, Foster H, Edasery D, Roknsharifi S, Ifrah C, Lipton M. Oral contraceptive use is associated
with smaller hypothalamic and pituitary gland volumes in healthy women: A structural MRI study. PLoS One
2021;16:€0249482. https://doi.org/10.1371/journal.pone.0249482

35. Martell S, Marini C, Kondas CA, Deutch AB. Psychological side effects of hormonal contraception: a disconnect
between patients and providers. Contracept Reprod Med 2023;8:9. https://doi.org/10.1186/s40834-022-00204-w





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



