Are You Depressed?

Or are you just on birth control...

By Olive Cowan




ixty-five percent of

women of reproduc-

tive age in th United
Stated take birth control pills. It
is likely therefore, that if you are
an American woman reading this
article, you have used some form
of birth control in your lifetime.
Societal standards have deemed
women responsible for carrying
the burden of birth control. How-
ever, the first clinical trials for birth
control were actually conducted
on men; they consisted of two in-
jections of two different hormones
and were found to be 96% effec-
tive. However, the trials were ter-
minated when men reported side
effects such as acne and mood
swings (2). Researchers replaced
women as the subjects because it
seemed easier to block the release
of one egg a month as opposed
to millions of sperm. In the U.S.,
hormonal contraceptives such as
IUD or combination pills are most
commonly used for women — be-
cause who wouldn't opt for 99%
efficacy?

Across cultures, the impli-
cations of birth control vary im-
mensely. Many religions advocate
against birth control or abortion
because they believe one should
not alter the innately biological
processes of reproduction. In
underdeveloped countries, it can
even be difficult to gain access to
birth control. Additionally, birth
control can be viewed negatively
because of its association with sex,
and subsequently female plea-
sure (another taboo topic in many
societies). However, hormonal
contraceptives are not just used to
prevent pregnancy; many wom-
en are prescribed birth control to
treat common reproductive disor-
ders that affect the ovaries such
as polycystic ovarian syndrome
(PCOS) and endometriosis. When
| was 16, | was diagnosed with
PCOS and prescribed birth control
as a medication to treat it. | was

relieved to know that there was a
medication that could help, but
overwhelmed by the list of side
effects associated with taking birth
control.

If you have used hormonal
contraceptives before, you have
probably experienced a moment
of shock when you learn all the
possible side effects and risks..
Even though they tend to be rare,
side effects range from common/
minor effects such as changes
in bleeding, headaches, weight
fluctuation, facial acne, nausea
or cramping, to serious/rare side
effects such as blood clots, ovar-
ian cancer, or vaginal infections.
They are rare, and if caught early
they can be treated. The important
factor is knowing side effects are
a possibility so that if you expe-
rience them, you can recognize
them and tell your doctor. Another
side effect listed under the rare
section is depression/mood chang-
es. However 2.2 out of 100 women
who are taking hormonal birth
control developed depression
compared to 1.7 out of 100 wom-
en who did not use hormonal birth
control (29). Indicating that if you
are taking hormonal birth control,
you are potentially at a higher risk
for developing depression or other
mood disorders. Additionally, this
number is likely underestimated
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because many individuals do not
report their mood changes as a
side effect of birth control, instead
they view them as independent
issues. After | started birth control,
| was one of the unlucky few who
experienced these mood relat-

ed side effects. For a while, | too
believed they were independent,
but now I'm not so sure. A few
months ago | stumbled upon an
article titled “Can hormonal birth
control trigger depression?”, and
what | learned was shocking. If you
have ever experienced something
similar, or relate to what | have
already said, | suggest you con-
tinue reading. Before we begin, a
solid understanding of menstrua-
tion, hormones and birth control
is necessary to understand the
implications of the aforementioned
article.

What is
Menstruation?

Menstruation begins when
a woman goes through puberty.
Her hormone levels fluctuate and
she becomes fertile. The menstrual
cycle has a few stages, first, men-
struation where the uterus releases
its inner tissue lining through a
“period”. In the Follicular phase,
the uterine lining begins to build
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EFFECTS OF BIRTH CONTROL ON YOUR BODY
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Mood Brain

Birth control can offer relief for cyclical mood Birth control alters brain structure, function,

symptoms in some women, others find it amplifies mate selection, and can increase the production

of neurotoxins in the brain.

Migraines & Headaches
While birth control can Provide hormonal
headache relief, migraines and headaches can

anxiety and depression. For some women, birth
control can accompany new onset of mood
symptoms and may increase the risk of suicide.

Hair
Some women experience hair loss on their head

when starting birth control and others may find
decrease growth of unwanted hair.

start or become worse while on birth control.

Skin

Thyroid
The F':ill depletes nutrients the thyreid requires
to produce hormones and increases thyroid

Estrogen and progestin can resclve acne for

some women, in others it can get worse.

binding globulin, a protein that prevents thyroid

Stress
hormone from being used by the body.

Women on birth control have been found to
have disruption in their HPA axis and an altered
stress reSPDnSe.

Breast

Breasts may become tender and enlarged after
beginning birth control. Birth control may also
improve cyclical breast changes.

Cancer

Birth control can reduce the risk of some
cancers |ike ovarian, uterine, and colorectal
cancers. |t has been shown to increase the risk of
brain, liver, and breast cancer.

Liver
The pill speciﬁca”y alters the liver on a

structura! al'ld genetic |eVEl. There iS an

increased risk of both benign liver tumors and
liver cancer.

Gallbladder

Women with a history of gallstonas on birth
control may experience faster stone formation.

' ‘.: N\ Gut
BlOOd PI'ESS ure / ; ! Birth control increases intestinal

Birth control can lead to elevated blood hYPerPermeability (Eeaky gut), disruPtion of the
pressure. Be sure to have your blood pressure microbiome, allows for overgrowth of yeast, and
checked regularly to screen for this. is associated with an increased risk in developing

Weight Changes

For some women, birth control can cause
fluctuations in weight, weight gain and weight

Heart Attack

Certain pill formulations can increase the risk of
a cardiovascular event. In women with
pre-existing conditions, this risk may be higher.

autoimmune disease of the gut in people with a

genetic pred isposition.

Nutrient Deficiencies
The pill is specifically shown in multiple studies

IDSS.
to cause depletions in many vitamins, minerals
Pregnancy Prevention and antioxidants
Some Forms of hormonal birth control are up to

99% effective with Perfect use.

Period Relief

Birth control can help reduce heavy periods and
l:ramPs -Il'l some women.

Diabetes Risk

Current use of the pill has been shown to lead
to insulin resistance and blood sugar

Increase in yeast infections can occur for some

women using birth control.

Libido
Women on birth centrol often report low or

absent libido. Birth control can also lead to
vaginal dryness and pain with sex.

dysregulation. In postmenopausal women who
have ever used the Pill there is an increased risk

of developing diabetes. Bone Health — :
Hormonal birth control may impair bone densn:y

BIOOd CIOtS in teenage women and may not have the “bone
Then ear ieresss Dl wi derilent e il ol posbicting #iwct nbce Hhougdhn:

clot while on birth control. If you're a smoker, . "

have a genetic predisposition, have heart or AutOl mmune D[SEBSE

liver disease, have migraines with an aura or are Hormonal birth control is associated with an
overweight you may be at increased risk. increased risk of developing crohn’s disease,
According to the CDC, being over age 35 is multiple sclerosis, lupus, interstitial cystitis and
also considered a risk factor. ulcerative colitis.
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up again to prepare to release an
egg from the ovaries in the Ovu-
lation phase. The Luteal phase
completes the menstrual cycle by
building up the uterine lining and
preparing for menstruation again.
During the 30-day cycle of men-
struation, hormone levels fluctuate
dramatically (17).

Hormones and
Birth Control

Hormones are responsible
for regulating a number of differ-
ent biological processes mostly
within the endocrine system (a
network of glands that dictate
the functioning of cells and or-
gans). The endocrine system is
made up of regions of the brain
(hypothalamus, pineal and pitu-
itary gland), thyroid/parathyroid
gland, adrenal gland, pancreas,
ovaries, and/or testes (20). This
system is responsible for essen-
tial biological processes such as
homeostasis, metabolism, phys-

First day of
menstruation

ical/mental growth, energy, fear,
and reproduction. The endocrine
system interacts with the HPA axis
(hypothalamic-pituitary-adrenal
axis), a network of communication
and feedback within the hypothal-
amus, pituitary gland and adrenal
gland that dictates our body’s
stress response. The pituitary and
pineal glands release stress hor-
mones called cortisol, which signal
to the hypothalamus and other
brain regions to go into fight or
flight mode. Hormone fluctuations
can have effects throughout the
whole body because hormones
interact with many different phys-
iological processes. You might be
wondering what this has to do with
periods and birth control; birth
control manipulates this pathway
by altering levels of the female sex
hormone (estrogen) to interrupt
the menstrual cycle.

Estrogen has three major
endogenous forms: estriol, estra-
diol and estrone (17). B- estradiol
is the most abundant form of
estrogen produced naturally in the
body (3). Scientists spent years

Menstrual cycle

£ Menstrupedia
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researching these hormones in or-
der to generate synthetic versions
that act in a similar manner. The
primary goals for using synthetic
hormones were hormone thera-
py and hormonal contraceptives.
Supplemental synthetic estrogens
increase estrogen levels which can
stop periods, and prevent ovu-
lation. Increased estrogen levels
signal via the endocrine system to
the brain and the ovaries that the
body is pregnant (even though

it isn't actually). When the body
thinks it is pregnant, it does not
ovulate (release eggs) and there-
fore cannot become pregnant.
Hormonal contraceptives can

be administered in several ways.
Some work through a daily pill
which releases hormones into

the bloodstream. Hormones can
also be administered through an
intrauterine device (IUD). This is
placed in the uterus and slowly
releases small doses of hormones
over time to the localized area.
These hormones do not interact
with the brain or the bloodstream,
however similar changes still occur
in the uterus. The hormones in the
IUD cause the tissue lining of the
uterus to become thinner which
results in lighter/less frequent pe-
riods. The IUD prevents pregnancy
by triggering swelling and mucus
generation in the uterus so that

it is inhospitable to sperm (34).
These hormonal contraceptives are
composed of synthetic hormones
such as ethinylestradiol (the most
commonly used hormone in oral
contraceptives) or levonorgestrel
(a synthetic hormone similar to
progesterone used in an 1UD) (10,
34).

Treating Other
Disorders

Hormone therapy is often
used to treat disorders that im-
pact the endocrine system. These
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pineal gland

disorders impact processes such
as reproduction, growth/devel-
opment, mood, and hormone
regulation. Endometriosis is an
endocrine disorder that affects
the growth/development of the
uterus by overproducing endo-
metrial/uterine tissues that begin
to grow on the outside of other
organs. When the uterine lining is
shed during a period, it can cause
small lacerations on other organs
which can be very painful and lead
to infertility (19). Polycystic ovar-
ian syndrome (PCOS) is another
endocrine disorder that affects the
uterus. It is caused by the overpro-
duction of androgens (a male sex
hormone found in low concentra-
tions in women) that leads to cysts
(small fluid filled sacs) on the ova-
ries. The hormone imbalance can
prevent some women from men-
struating. Menstruating with PCOS
can be very painful and also poses

thyroid

testis

health risks by increasing your risk
of having a cyst burst (19). Hor-
monal birth control as a form of
treatment has a positive impact
on the severity of both PCOS and
endometriosis symptoms. Supple-
mentation of synthetic progester-
one and/or estrogen decreases
menstruation by thinning the
uterine lining which makes peri-
ods less painful and decreases the
risk for lesions or burst cysts (36).
Medications used to treat endo-
crine disorders such as hormonal
contraceptives have widespread
effects due to the diffuse nature of
the endocrine system.

The Emotional Side
of Things

While the physiological
side effects of birth control have
been widely studied, the emo-

tional effects have not been given
much attention. As mentioned pre-
viously, between 4 and 10 percent
of women experience emotional
changes after taking oral contra-
ceptives (15). These effects range
from mood swings to diagnosis of
mood disorders, and are impacted
by the type of hormonal contra-
ceptive, age of first exposure, and
duration of use. Different brands
of hormonal birth control have dif-
ferent concentrations and ratios of
progesterone and estrogen, which
makes choosing a birth control
very hard. A general rule of thumb
is to use the lowest dose possible
to remain effective because higher
doses increase the risk of serious
side effects (30). Additionally, pro-
gesterone-only forms of hormon-
al contraceptives have a higher
association with depression (29).
Women who are first exposed to
birth control during adolescence
as opposed to adulthood are 1.7
to 3 times more likely to develop
depression or other mood disor-
ders later in life (2). Researchers
speculate that the significant brain
changes that occur during adoles-
cence are altered by the ways in
which supplemental sex hormones
interact with the brain and other
parts of the endocrine system. If
the body gets used to receiving
estrogen from birth control it may
not learn to produce it on its own.
In a similar manner, prolonged use
of birth control can have similar
neurological effects.

Some brain regions have
stronger associations with the
overall mood and depression due
to their interaction with estrogen.
Estrogen receptors can be found
in the digestive system, bone
tissue, reproductive system and
nervous system (6). They are also
highly concentrated in areas of
the brain associated with mood
regulation such as the hippo-
campus, hypothalamus, raphe
nucleus, and cerebellum. ERs are



hormones absorbed
into the bloodstream

® = Estrogen
ER = Estrogen Receptor

specific estrogen receptors used
by synthetic and natural forms of
estrogen. Estrogen receptors are
nuclear receptors, a special kind
of receptor that is able to interact
with DNA and regulate gene tran-
scription. Transcription impacts a
wide range of biological processes
such as reproductive organ devel-
opment, bone density, and brain
functioning (27). Alterations in
brain functioning due to transcrip-
tional changes is a potential route
in which depressive symptoms can
emerge. Fluctuations in estrogen
levels caused by the menstrual
cycle have been shown to cause
structural changes in the brain
such as decreased overall volume,
in addition to decreased volume
in specific regions associated with
depression/mood such as the
hippocampus, amygdala, temporal
and parietal regions (24).

Another possible mech-

oral contraceptive
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mRNA

—
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anism by which estrogen can
impact mood is through estrogen
receptors abundance in areas of
the brain responsible for serotonin
regulation and usage. Serotonin
is @ neurotransmitter associated
with mood regulation. When se-
rotonin levels are low, individuals
experience symptoms of anxiety
or depression. It is not clear how
serotonin levels get depleted, but
scientists have speculated that
early life stressors, persistent trau-
ma, or lack of gut microbiota can

all impact serotonin levels (13, 38).

You May be Moody
Or It Could be Your
Birth Control

Women are often ridi-
culed for being moody or asked
“are you on your period?” when

waf"*\
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inter-uterine device (IUD)

hormone release
localized to uterine
tissues

they are irritable. This is a normal
response to hormone fluctuation
and should not be criticized by
others. The drastic changes in hor-
mones during the menstrual cycle
can cause moodiness or irritability
which can be worsened by life
changes or new stressors. Supple-
mental hormones in birth control
can often intensify these effects
and in some cases lead to different
mood disorders. When doctors
prescribe birth control, they rarely
go into detail about the potential
severity of mood effects.

The statistics on preva-
lence of mood related side effects
and hormonal birth control are
shocking. 47% of women who
began taking birth control termi-
nated their use within the first six
months due to adverse effects.
These women tend to switch forms
of birth control or discontinue
use permanently (26). Due to the
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recent evidence supporting an as-
sociation between mood disorders
and use of hormonal birth control,
scientists have begun researching
ways in which this could occur.
The route is not completely clear,
however based on the information
discussed above, there are a few
mechanisms by which these mood
changes are possible. Estrogen
may interact directly with the
endocrine system and produce
effects in areas of the body such as
the brain and reproductive organs.
It is possible that the supplemental
synthetic hormones disrupt proper
cognitive functioning and lead to
mood changes. Another possible
mechanism is through gene tran-
scription caused by the estrogen
receptors. Scientists do not know
which genes the hormones turn on
or off. It's possible based on the
fact that estrogen receptors are
highly concentrated in regions of
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the brain that produce serotonin,
that the synthetic hormones turn
off genes that produce serotonin,
and decrease serotonin levels.

Back to The Article
That Started it All

Now that you understand
the background information about
hormones, birth control, and their
effects on mood, we can begin
to explore why this is applicable
to you and a large portion of the
population. After reading “Can
hormonal birth control trigger
depression?” | googled some
key words and the results of my
search were astounding. | knew
that moodiness or irritability were
among the other potential side ef-
fects on the generous list. Howev-
er, | was unaware of how direct the
correlation between depression

serotonergic pathways

and hormonal birth control is.

A study tracking women
taking birth control found that
47% of women taking an oral
contraceptive discontinued it, and
14% changed to a different type
of pill within the first 6 months of
starting (26). One of the leading
causes of these changes was their
awareness of worsening mental/
emotional wellbeing. Various ex-
periments have shown that women
taking hormonal birth control pills
experience higher scores of de-
pressed mood, mood swings, and
fatigue than individuals receiving a
placebo treatment (14).

Even when the hormone
release is localized to the uter-
us, such as an IlUD, women have
reported experiencing depressed
mood or anxiety. A population
study in females with an IUD de-
tected a decrease in psychological
well being, an increase in anxiety

cerebellum



about health, and an increase in
alcohol dependence (32). This par-
ticular study ran statistical analyses
to determine if the contraceptives,
or a different variable, were con-
tributing to the issue. The correla-
tional analysis determined that the
use of hormonal contraceptives
was contributing most heavily to
the psychological effects. Another
population study done in Denmark
revealed that adolescents with
IUD’s were more likely to subse-
quently be prescribed antidepres-
sants than adolescents who did
not take birth control (28). These
women were 50% more likely to
be diagnosed with depression
within six months of starting birth
control than individuals who were
not taking any hormonal contra-
ceptives. These same researchers
did another study, using a simi-

-

lar sample, but this time looking
at women with IUD’s risk of at-
tempted or completed suicide.
Shockingly, they found that these
women, about 21 years old with
no previous psychiatric diagnosis,
antidepressant use or hormonal
contraceptive use before the age
of 15, were two times more likely
to attempt suicide than those who
did not use hormonal contracep-
tives during these years [28]. Un-
fortunately, the risk of completed
suicide was even higher; women
using hormonal contraceptives
were three times more likely to
commit suicide.

Remember the HPA axis?
It's responsible for our stress
response. Patients with depres-
sion have been shown to have a
blunting effect, in which patients
have a diminished stress response
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and impaired stress recovery (5).
A diminished response indicates
an inability to cope and deal with
stress, one of the principal con-
tributors to mental disorders. This
blunting effect commonly found
in disorders such as anxiety and
depression is also seen in women
on the birth control pill.

Necessary Societal
Changes

These statistics are disturb-
ing and indicate that significant
changes need to be made in re-
gards to the way in which women
are informed about mood effects
and the use of hormonal birth con-
trol in general. Mood effects are
not usually discussed in detail as a
side effect of birth control use. In
order to decrease the prevalence
of mood effects, doctors need to
inform women taking birth con-
trol of the increased risk for mood
effects. This way, they can look out
for them and make the association
between mood changes and birth
control rather than viewing them
as independent issues. Potential
interventions could be changing
dosages or forms of birth control
to decrease the mood effects.
Some individuals may be more
sensitive to oral contraceptives be-
cause they are absorbed into the
bloodstream, but not as sensitive
to an IUD which releases hor-
mones to a localized region of the
uterus. Determining which method
is safest for you is imperative to
your emotional wellbeing.

The Bright Side

While these statistics are
grim and you are probably feeling
like getting your IUD taken out or
stopping your birth control, that
isn't the first step and there are
other options. While there is a
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risk for developing depression or
mood disorders, not all women
do. Some women benefit greatly
from hormone therapies. Women
using hormones to treat endo-
metriosis or PCOS experience
significant reductions in pain and
dangerous physical impacts. Ad-
ditionally, some studies show that
hormone therapies can actually
have positive impacts on mood for
women with severe premenstrual
syndrome (PMS) or post mena-
pause (7).

If you are worried that
your birth control may be contrib-
uting to a depressed or anxious
mood, you can talk to your doctor
to discuss maybe switching the
concentration of your hormones,
or changing to a different form of
birth control. These small changes
can make a big difference. Fac-
tors such as personal/familial past

medical history of mental illness
or mood related side effects from
hormonal contraceptives can have
a significant impact on your sen-
sitivity to synthetic hormones (15,
12). In addition, the use of proges-
terone only pills or multiphasic pills
(hormone dose increases over the
course of your cycle rather than
remaining constant) can increase
your likelihood of the develop-
ment of negative mood effects
(31). Lastly, starting birth control

at a young age increases your risk;
the less developed your mind is,
the more likely you are to expe-
rience these mood related side
effects (28). Therefore, it may be
best to consider starting hormonal
birth control as late as possible.

In light of these concerns
for women’s mental health, sci-
entists have gone back to the lab
in search of non-hormonal birth

control options. The FDA has
approved a number of different
products, however none are as
effective as their hormonal coun-
terparts. One of the most promis-
ing new options is a non hormonal
gel used before sex called Phexxi.
It works by altering the vaginal pH
to be inhospitable to sperm. This
birth control was shown to be 93%
effective in clinical trials, making
it relatively competitive with other
forms of hormonal birth control.
This birth control is now on the
market, but it requires a prescrip-
tion from a doctor to ensure it is
a safe option for you. However,
this is made easy with telehealth
appointments on phexxi.com.
Some doctors recommend proges-
tin-only birth controls to alleviate
the emotional side effects; how-
ever, literature has shown similar
negative emotional effects with
these pills (31). The overall trend
is ambiguous and requires more
research to make any conclusions.
Additionally, researchers
are working hard to generate an
effective birth control pill for men.
One drug called “11 Bmethyl nor-
testosterone dodecyl carbonate”
has moved into phase one of its
clinical trial (28). It works by su-
pressing testosterone and another
male sex hormone essential for
sperm production. It is unclear if
these will be viable options, but
if they are safe and effective, this
medication may prevent many
women from suffering mood
related side effects. Regardless
of the scientific limitations, there
are societal stigmas surrounding
men and infertility which makes
implementing male birth control
difficult. Reproduction is biological
and innate; any deficiencies in this
domain are frowned upon. There
needs to be both societal and sci-
entific growth in order for change
to occur and the norms of birth
control to shift.






\ @

References

1.

Almey, A., Milner, T. A., & Brake, W. G.
(2015). Estrogen receptors in the central
nervous system and their implication
for dopamine-dependent cognition in
females. Hormones and behavior, 74,
125-138. https://doi.org/10.1016/j.
yhbeh.2015.06.010

. Anderl, C., Li, G., & Chen, F. S. (2019).

Oral contraceptive use in adolescence

predicts lasting vulnerability to depres-
sion in adulthood. Journal of Child Psy-
chology and Psychiatry, 61(2), 148-156.
https://doi.org/10.1111/jcpp.13115

. Behre, H. M., Zitzmann, M., Ander

son, R. A., Handelsman, D. J., Lestari, S.
W., Mclachlan, R. I., . . . Colvard, D. S.
(2016). Efficacy and Safety of an Inject-
able Combination Hormonal Contra-
ceptive for Men. The Journal of Clinical
Endocrinology & Metabolism, 101(12),
4779-4788. doi:10.1210/jc.2016-2141

. Bjérnstrom, L., & Sjoberg, M. (2005).

Mechanisms of Estrogen Receptor
Signaling: Convergence of Genomic
and Nongenomic Actions on Target
Genes. Molecular Endocrinology, 19(4),
833-842. https://doi.org/10.1210/
me.2004-0486

. Burke, H. M., Davis, M. C., Otte, C., &

Mohr, D. C. (2005). Depression and
cortisol responses to psychological
stress: a meta-analysis. Psychoneuroen-

docrinology, 30(9), 846-856. https://doi.

org/10.1016/j.psyneuen.2005.02.010

. Chen, C., Gong, X., Yang, X., Shang, X,

Du, Q., Liao, Q. ... Xu, J. (2019). The
roles of estrogen and estrogen recep-
tors in gastrointestinal disease (Review).
Oncology Letters, 18, 5673-5680.
https://doi.org/10.3892/01.2019.10983

. Cheslack-Postava, K., Keyes, K. M.,

Lowe, S. R., & Koenen, K. C. (2015).
Oral contraceptive use and psychiatric

disorders in a nationally representative

sample of women. Archives of women's
mental health, 18(1), 103-111. https://

doi.org/10.1007/s00737-014-0453-4

. Chrisana Gundlah, Stephen E. Alves,

Janet A. Clark, Lee-Yuh Pai, James M.
Schaeffer, Susan P. Rohrer, Estrogen re-
ceptor-p regulates tryptophan hydroxy-
lase-1 expression in the murine midbrain
raphe, Biological Psychiatry, Volume

57, Issue 8, 2005, Pages 938-942, ISSN
0006-3223, https://doi.org/10.1016/j.
biopsych.2005.01.014.

. Combination birth control pills. (2020,

December 17). Retrieved from https://
www.mayoclinic.org/tests-procedures/
combination-birth-control-pills/about/
pac-20385282

10. Darbre, P. D. (2015). What Are En

11.

12.

docrine Disrupters and Where Are
They Found? Endocrine Disruption
and Human Health, 3-26. doi:10.1016/
b978-0-12-801139-3.00001-6

Daniels, K., & Abma, J. C. (2020). Cur
rent Contraceptive Status Among
Women Aged 15-49: United States,
2017-2019. NCHS data brief, (388),
1-8.

DeSoto, M. C., Geary, D. C., Hoard,
M. K., Sheldon, M. S., & Cooper, L.
(2003). Estrogen fluctuations, oral
contraceptives and borderline person-
ality. Psychoneuroendocrinology, 28(6),
751-766. https://doi.org/10.1016/
s0306-4530(02)00068-9

13. El Aidy Sahar, Ramsteijn Anousch

ka S., Dini-Andreote Francisco, van

Eijk Roel, Houwing Danielle J., Salles
Joana F,, Olivier Jocelien D. A. (2017)
Serotonin Transporter Genotype Mod-
ulates the Gut Microbiota Composition
in Young Rats, an Effect Augmented by

14.

15.

16.

17.

18.

19.

Early Life Stress. Frontiers in Cellular
Neuroscience, 11, 222. doi:10.3389/
fncel.2017.00222

Gebel Berg E. (2015). The Chemis

try of the Pill. ACS central science, 1(1),
5-7. https://doi.org/10.1021/acscents-
ci.5b00066

Gingnell, M., Engman, J., Frick, A.,
Moby, L., Wikstrém, J., Fredrikson, M.,
& Sundstrom-Poromaa, I. (2013). Oral
contraceptive use changes brain activ-
ity and mood in women with previous
negative affect on the pill--a dou-
ble-blinded, placebo-controlled ran-
domized trial of a levonorgestrel-con-
taining combined oral contraceptive.
Psychoneuroendocrinology, 38(7),
1133-1144. https://doi.org/10.1016/j.
psyneuen.2012.11.006

Handley, S. L., & McBlane, J. W.
(1993). 5HT drugs in animal models

of anxiety. Psychopharmacology,
112(1), 13-20. https://doi.org/10.1007/
BF02247358

Harlow, S. D., & Ephross, S. A. (1995).
Epidemiology of Menstruation and lIts
Relevance to Women'’s Health. Epi-
demiologic Reviews, 17(2), 265-286.
https://doi.org/10.1093/oxfordjournals.
epirev.a036193

How the Pill Works. (n.d.). Retrieved
from https://www.pbs.org/wgbh/amer-
icanexperience/features/pill-how-pill-
works/

Hosseinzadeh, P., Barsky, M., Gibbons,
W. E., & Blesson, C. S. (2021). Poly-
cystic ovary syndrome and the for-
gotten uterus. F&S Reviews, 2(1),
11-20. https://doi.org/10.1016/j.
xfnr.2020.12.001

20. La Perle, K. M. D., & Dintzis, S. M.

(2018). Endocrine System. Compara-



L\ @

tive Anatomy and Histology, 251-273.
https://doi.org/10.1016/b978-0-12-
802900-8.00015-4

21. Li, C., Wang, L., Sun, X., & Yang, X.
(2019). Analysis of the long-term ben-
eficial effects of menopausal hormone
therapy on sleep quality and meno-
pausal symptoms. Experimental and
Therapeutic Medicine, 18, 3905-3912.
https://doi.org/10.3892/etm.2019.8058

22. M. Nomura, K.T. Akama, S.E. Alves,
K.S. Korach, J.-A. Gustafsson, D.W.
Pfaff, S. Ogawa, Differential distribu-
tion of estrogen receptor (ER)-a and
ER-B in the midbrain raphe nuclei and
periaqueductal gray in male mouse:
Predominant role of ER-B in mid-
brain serotonergic systems, Neuro-
science, Volume 130, Issue 2, 2005,
Pages 445-456, ISSN 0306-4522,
https://doi.org/10.1016/j.neurosci-
ence.2004.09.028.

23. Polycystic Ovary Syndrome (PCOS).
(n.d.). Retrieved from https://www.
hopkinsmedicine.org/health/condi-
tions-and-diseases/polycystic-ova-
ry-syndrome-pcos#: ~:text=Polycystic
ovary syndrome (PCOS) is,that form in
the ovaries.

24. Rehbein, E., Hornung, J., Sund
strom Poromaa, |., & Derntl, B. (2021).
Shaping of the Female Human Brain by
Sex Hormones: A Review. Neuroendo-
crinology, 111(3), 183-206. https://doi.
org/10.1159/000507083

25. Rocha, B.A., Fleischer, R., Schaeffer,
J.M. et al. 17B-Estradiol-induced
antidepressant-like effect in the Forced
Swim Test is absent in estrogen recep-
tor-B knockout (BERKO) mice. Psycho-
pharmacology 179, 637-643 (2005).
https://doi.org/10.1007/s00213-004-

2078-1
26. Sanders, S. A., Graham, C. A., Bass,
J. L., & Bancroft, J. (2001). A pro-
spective study of the effects of oral
contraceptives on sexuality and
well-being and their relationship to
discontinuation. Contraception, 64(1),
51-58. https://doi.org/10.1016/s0010-
7824(01)00218-9
27. Sever, R., & Glass, C. K. (2013). Sig
naling by nuclear receptors. Cold
Spring Harbor perspectives in biology,
5(3), a016709. https://doi.org/10.1101/
cshperspect.a016709
28. Single Dose, Dose-Ranging Study of
11-p Methyl Nortestosterone Dodecyl-
carbonate (118-MNTDC) in Healthy
Men - Full Text View. (n.d.). Retrieved
from https://clinicaltrials.gov/ct2/show/
NCT02754687

29. Skovlund, C. W., Mgrch, L. S., Kess
ing, L. V., & Lidegaard, @. (2016). As-
sociation of Hormonal Contraception
With Depression. JAMA Psychiatry,
73(11), 1154. doi:10.1001/jamapsychia-
try.2016.2387

30. Speroff L. (1982). The formulation of
oral contraceptives: does the amount
of estrogen make any clinical differ-
ence?. The Johns Hopkins medical
journal, 150(5), 170-176.

. Svendal, G., Berk, M., Pasco, J. A., Jac
ka, F.N., Lund, A., & Williams, L. J.
(2012). The use of hormonal contra-
ceptive agents and mood disorders
in women. Journal of affective dis-
orders, 140(1), 92-96. https://doi.
org/10.1016/j.jad.2012.03.030

32. Toffol, E., Heikinheimo, O., Koponen,

P., Luoto, R., & Partonen, T. (2011).
Hormonal contraception and mental
health: results of a population-based

3

—_

33

34.

35

36.

37.

38.

study. Human reproduction (Oxford,
England), 26(11), 3085-3093. https://
doi.org/10.1093/humrep/der269

T. Rabe, M. K. Bohlmann, S. Rehberg
er-Schneider & S. Prifti (2000) Induction
of estrogen receptor-a and -p activities
by synthetic progestins, Gynecological
Endocrinology, 14:2, 118-126, DOI:
10.3109/09513590009167670

The Embryo Project Encyclopedia.
(n.d.). Retrieved from https://embryo.
asu.edu/pages/hormone-releasing-in-
trauterine-devices

Walf, A. A., & Frye, C. A. (2006). A re
view and update of mechanisms of
estrogen in the hippocampus and
amygdala for anxiety and depression
behavior. Neuropsychopharmacology
: official publication of the American
College of Neuropsychopharmacol-
ogy, 31(6), 1097-1111. https://doi.
org/10.1038/sj.npp.1301067
Weisberg, E., & Fraser, |. S. (2015).
Contraception and endometriosis:
challenges, efficacy, and therapeutic
importance. Open access journal of
contraception, 6, 105-115. https://doi.
org/10.2147/0OAJC.S56400

Weiser, M. J., Foradori, C. D.,

& Handa, R. J. (2008). Estrogen
receptor beta in the brain: From form
to function. Brain Research Reviews,
57(2), 309-320. doi:10.1016/j.brainres-
rev.2007.05.013

Yano, J., Yu, K., Donaldson, G., Shastri,
G., Ann, P, Ma, L., . .. Hsiao, E.
(2015). Indigenous Bacteria from the
Gut Microbiota Regulate Host Sero-
tonin Biosynthesis. Cell, 163(1), 258.
doi:10.1016/j.cell.2015.09.017

106



