Due to these concerns, many women
are either reluctant to start hormonal
contraceptive treatment for fear of
potential side effects or may discontinue
hormonal contraceptive use for fear
of potential long-term effects (Pletzer
et al, 2022). The BECONTRA project
accompanies first-time and long-term
users of hormonal contraceptives over
several months to assess potential effects
on the brain, emotion and cognition. At this
stage of the project, we can present first
results on long-term oral contraceptive
users who tolerate their pill well.
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Mental health and hormonal
contraceptive use -
disentangling the scientific
evidence

Of particular concern for hormonal
contraceptive users are mental-health-
related side effects. However, large-
scale studies from different countries
report either an increase in mental health
problems like depression or suicide
(e.g. Skovlund et al, 2016, 2018),
no change in mental health problems
(e.g. Lundin et al., 2022) or a decrease
inmental health problems during hormonal
contraceptive use (e.g. Keyes et al., 2013;
Cheslack-Postova et al., 2015). While
these data may seem inconsistent at a first
glance, it is important to view them from a
more individualised perspective (Lundin et
al., 2021).
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While some women may experience
adverse effects of hormonal
contraceptives on their mental health,
others may profit from mood-stabilising
effects of hormonal contraceptives.
Adverse mood effects usually become
apparent during the first few months of
contraceptive treatment, and women
who experience such adverse mood
\effects often discontinue hormonal
contraceptive treatment (Poromaa and
Segebladh, 2021). They are thus not
equally represented in all studies on
hormonal contraceptive users. Studies
focusing on the first few months of
hormonal contraceptive use are thus
more likely to detect a mood worsening
(Lundin et al., 2017).

At a time when women'’s reproductive rights face
renewed controversy, safe and reliable contraceptive
options are of grave importance. However, while
various hormonal contraceptive options are
available, data regarding their risks and benefits

on mental health are either lacking or inconsistent
and thus subject to miscommunication, which is
confusing for women.
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On the other hand, women who tolerate
their pill well are more likely to be
represented in studies on long-term
hormonal contraceptive users (Keyes et
al., 2013; Cheslack-Postova et al., 2015).
Raising awareness for these individualised
responses and adequately communicating
the  generalisability = of  hormonal
contraceptive research results is of utmost
importance. This is crucial to adequately
address the mental health concerns of
women who experience adverse mood
effects while not discouraging women
who tolerate hormonal contraceptives
(Petersen et al., 2023).

Long-term hormonal
contraceptive use, what
are the issues?

If women tolerate their pill well, they
may continue hormonal contraceptive
treatment for several years. During this
time, they are faced with three questions
that hormonal contraceptive research
needs to address:

1. To pause or not to pause?
What happens during the
pill-free interval?

2. Are there accumulative effects
of hormonal contraceptive
use over time?

3. Are the effects of long-term
hormonal contraceptive use
reversible?

In the BECONTRA project, we have
addressed these questions via three
approaches. First, to assess how mood
and cognition change during the pill-
free interval, we have studied long-term
hormonal contraceptive users during
their pill pause compared to active
intake. Second, to assess accumulative
effects, we have correlated hormonal
contraceptive treatment duration with
different aspects of mood, cognition
and their neural underpinnings. Third,
to gain a first idea about the reversibility
of hormonal contraceptive effects, we
have studied those aspects related to
contraceptive treatment in current users
in association with previous contraceptive
treatment duration.
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1. What happens during the
pill-free interval?

The most commonly used hormonal
contraceptives on the market are
combined oral contraceptives (COCs),
colloquially summarised as ‘the pill'
The majority of COCs adhere to a ‘pill
cycle’ of 21-24 active days, followed by
4-7 inactive days, during which intake
is paused or replaced by placebo pills.
This intake pattern has been favoured in
order to introduce COCs as a method for
menstrual cycle control, resulting in regular
bleeding patterns. However, while many
women theoretically favour extended pill
cycles without pill-free intervals (Sulak et
al., 2002), little information is available
on how adverse and beneficial effects of
COC use compare between interrupted
and continuous intake.

We have made a first attempt to address
this question from a mental health
perspective and have compared mood
and cognition between the active and
inactive phases in 120 long-term users of
COCs. The large sample and comparison
to previous data on the menstrual cycle
allowed us to also address whether
changes were

i. dependent on the contraceptive type,

ii. dependent on trait depression,

iii. comparable to changes in naturally
cycling women along the menstrual
cycle.

To assess mood, we used well-validated
psychological instruments for

i. anxiety,

ii. negative affect,

iii. mental health symptoms typically
associated with the premenstrual
phase,e.g. mood lability or irritability.

To assess cognition, we used standardised
tasks of

i. navigation,

ii. mental rotation, and

iii. verbal fluency.

The results demonstrate that—as in
naturally  cycling  women—cognition
doesn't change along the pill cycle
(Noachtar and Pletzer, 2023), while mood
worsens substantially during the pill
pause, including a 7 percent increase in
anxiety, 13 per cent increase in negative
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affect, and 24 per cent increase in mental
health symptoms (Noachtar et al., 2023).
These changes were irrespective of
the COC type but more pronounced
in women with higher trait depression
(Noachtar et al., 2023). From a mental
health perspective, these data question
the utility of the pill pause and highlight
the urgency for more research into the
risks and benefits of extended pill cycles
with various contraceptive formulations.

It is presently unclear whether this mood
worsening is a direct result of hormone
withdrawal, e.g. due to changes in
neurotransmitter levels, or mediated
via the physical discomfort associated
with the withdrawal bleeding. However,
endogenous hormone withdrawal has
been related to adverse mood symptoms
in a variety of scenarios, including the
premenstrual phase (premenstrual
syndrome, premenstrual dysphoric
disorder), the postpartum period (baby
blues, postpartum depression), as
well as menopause (peri-menopausal
depression). The data also provide further
evidence that women with a history of
mental health problems are particularly
vulnerable to developing adverse mood
symptoms during periods of hormonal
change. A history of depression has
already been identified as a risk factor
for adverse mood effects during the first
few months of hormonal contraceptive
treatment (Lundin et al., 2021), which in
turn has been identified as a risk factor
for postpartum depression (Larsen et al.,
2023). Our data demonstrate that higher
trait depression also increases the risk of
experiencing adverse mood symptoms
during the pill-free interval (Noachtar
et al, 2023). Together, these data
highlight the importance of incorporating
mental health aspects in obstetrics and
gynaecology.

2. Do effects of long-term COC
use accumulate over time?

While short-term hormonal withdrawal
during the pill pause results in mood
worsening but does not affect cognition,
the opposite appears to be the case
for accumulative effects. The pill use
duration was unrelated to any aspect of
mood or mental health. However, some
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mild associations between the duration
of pill use and cognition were observed
(Noachtar et al, 2022; Noachtar et
al., 2023). Longer duration of pill use
was associated with slightly improved
orientation accuracy during navigation
(Noachtar et al., 2023), a shift in the
strategy used during word production in
the verbal fluency task (Noachtar et al.,
2022; 2023), as well as some alterations
in the processing of novel faces (Pletzer
et al., 2022). These changes in behaviour
were also associated with changes in the
underlying neural correlates (Noachtar
et al., 2022; Pletzer et al., 2022). Longer
duration of pill use was associated with
changes in the way key brain areas for
navigation (i.e. the hippocampus or
caudate nucleus), verbal fluency (i.e. the
inferior frontal gyrus) or face processing
(i.e. the fusiform face area) connected
with other brain areas. These associations
to brain connectivity hint at changes
in the way the environment, verbal
information or faces are represented
in the brain. Interestingly, these
associations were comparable for all pill
types in navigation and verbal fluency
but depended on the type of pill used for
face processing. Importantly, apart from
orientation accuracy during navigation,
all associations to the duration of pill use
were indicative of a strategy shift rather
than overall performance measures.
The fact that changes in the brain were
mostly reflected at the level of brain
connectivity supports this notion and
provides further evidence that the female
brain is capable of efficiently adapting the
way information is processed to changes
in the hormonal milieu.

3. Are effects of long-term
hormonal contraceptive
use reversible?

While true reversibility can only be
determined if women are studied for
several years after discontinuation of COC
use, we used the previous contraceptive
treatment duration of women who
had discontinued COC use prior to the
study to obtain a first idea of whether
associations to previous contraceptive
use would still be visible in the brain after
discontinuation. The duration of previous
COC use was not related to the majority

of measures associated with current COC
use. For example, neither navigation
performance nor its neural underpinnings
were related to how long women had
previously used the pill (Noachtar et
al., 2022). Also, neither verbal fluency
performance nor face processing were
related to how long women had previously
used the pill, and neither were the majority
of their neural correlates (Noachtar
et al, 2022; Pletzer et al., 2023). One
exception was a higher activation of the
putamen in women with longer previous
contraceptive use (Noachtar et al., 2022),
which is in line with previous findings
of larger putamen volumes in women
with longer previous contraceptive use
(Pletzer et al., 2019). However, putamen
volume was also smaller the longer the
time-point of discontinuation had passed
(Pletzer et al., 2019), suggesting that for
some selected brain parameters, it might
just take longer to eliminate all traces of
previous contraceptive use. Nevertheless,
extensive follow-up in longitudinal
studies, underway in the BECONTRA
project, is required before any definitive
conclusions can be drawn from these
latter findings.

Summary

In summary, these results represent
good news for long-term hormonal
contraceptive users. While there were
some associations of longer treatment
duration with cognitive parameters,
these associations were small,
reflected strategy shifts rather than
overall performance changes and could
not be confirmed after discontinuation
of hormonal contraceptive treatment.
The duration of use was also not
related to mood or mental health.
Most importantly, a mood worsening
was observed during the pill pause,
comparable to the change they
could expect to experience during
menstruation if they were not on the
pill. However, the results during the pill
pause warrant more research into the
benefits of alternative intake schemes,
like extended pill cycles or continuous
usage. If women experience a mood
worsening during their pill pause, they
may want to consult with their doctor
about adjusting their pill cycles.
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