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Abstract
Objectives Progestins (i.e., synthetic progesterone) used in hormonal contraceptives
(HCs) have been developed to mimic endogenous progesterone to inhibit ovulation and
prevent pregnancy. Although the physiological side effects of different progestin
formulations and administrative routes (e.g., oral pill, injection, skin patch) are well
understood, the potential affective and behavioral side effects of various progestins are
relatively under-studied. Progestins vary in terms of their dosage, bioavailability,
metabolism, and affinity for progesterone and other steroid hormone receptors. Yet,
research investigating the effects of these compounds on women’s affect, sex drive, and
mate preferences has not systematically accounted for these differences when considering their psychobehavioral side effects.
Methods Here, the biological differences between progesterone and progestins, as well
as the differences between progestin types, are considered.
Results Research looking at the effects of progesterone and progestins on women’s
affect, sex drive, and mating psychology is reviewed, with emphasis on work that has
explored differences between progestin types. In this review, we argue that accounting
for these unique aspects of progestins is necessary for a comprehensive understanding
of the influence of HCs on women.
Conclusion A better understanding of these differences may clarify previous research
and inform future studies.
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Worldwide, over 100 million women use a hormonal contraceptive (HC; e.g., oral pill,
injection, hormonal intrauterine device, implant; Petitti 2003). HCs have changed the
role that women play in the economy and their trajectory in the workforce by altering
their career prospects, age at first marriage, and the age at which the average woman
first gives birth (for a review, see Bailey 2006; Goldin and Katz 2002). The introduction
of HCs has been associated with increases in positive health outcomes for women (e.g.,
reduced rates of maternal death, endometrial and cervical cancer, ovarian cysts, and
pelvic inflammatory disease; reviewed in Welling 2013) and their children (e.g.,
reduction in child mortality rates via increased inter-birth interval; Cleland et al.
2012). The physical side effects of HCs (e.g., increased risk for venous
thromboembolism, myocardial infarction, and stroke; see Welling 2013, for review)
have been studied extensively (though not without controversy; see Liao and Dollin
2012) since contraceptives were introduced. However, the psychological
and behavioral effects of HCs have only come into similar consideration relatively
recently (Alvergne and Lummaa 2010; Hahn and Cobey 2019; Skovlund et al. 2016;
Welling 2013), documenting effects of sex steroids on various behavioral domains in
both non-human animals (e.g., Becker and Koob 2016; Drossopoulou et al. 2004;
Johnston and File 1991) and humans. For example, HCs influence women’s cognition
(Pletzer and Kerschbaum 2014), affect (e.g., Donner and Lowry 2013; Kudielka and
Kirschbaum, 2005; Skovlund et al. 2016), and behavior (reviewed in Hahn and Cobey
2019; Welling 2013) in ways that are not necessarily analogous to endogenous
progesterone.
Progesterone is so named because it was first understood as a hormone that was vital
to preparing the body for and maintaining pregnancy (i.e., it is pro-gestational),
although it is now known to also have a number of other important effects on both
men and women (e.g., acting as a neuroprotective agent after central nervous system
trauma; Roof and Hall 2000). Progesterone is important for the development and
maintenance of the uterine endometrium in preparation for and during pregnancy. At
the beginning of a given menstrual cycle (the first day of menses onset), estrogen is
increasingly released from the ovaries and is negatively feeding back to the anterior
pituitary and reducing luteinizing hormone release, and progesterone levels are relatively low (Sherman and Korenman 1975). During this time, an ovum is developing in
an ovarian follicle. After approximately one week of this gradual increase in estrogen,
estrogen secretion rises dramatically. Estrogen then switches from a negative feedback
signal to a positive one, which causes a sudden surge of luteinizing hormone (LH) to be
released from the anterior pituitary. This surge of LH induces the release of a mature
oocyte from the ovary, which is known as ovulation. There is also an increase in
testosterone as the cycle approaches ovulation from ovarian thecal cells, which surround the estrogen-producing granulosa cells encircling the ovarian follicles. After
ovulation, the site of the rupture of the dominant ovarian follicle transforms into a
corpus luteum, which begins to secrete large amounts of progesterone that causes the
uterine lining to proliferate in preparation for blastocyst implantation. Thus, progesterone is relatively low during the follicular phase, increases slightly just prior to
ovulation, and begins increasing drastically following ovulation in the luteal phase
(Sherman and Korenman 1975). Progesterone peaks around the middle of the luteal
phase (during which time progesterone is higher than estradiol). If a fertilized embryo
does not implant, the corpus luteum degenerates, hormone levels drop, and menses is
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triggered, beginning the cycle again. Specifically, if a fertilized egg does not implant in
the developing endometrium, declining luteinizing hormone levels signal the corpus
luteum to degenerate and the developing endometrium is discarded (i.e., menstruation
occurs). However, if a fertilized egg does implant, the corpus luteum will continue to
secrete high levels of progesterone throughout the first trimester of pregnancy until the
placenta assumes dominant progesterone production and secretion. During this process,
progesterone level varies substantially across the cycle, across different cycles within
the same individual, and between women (Jasienska and Jasienska 2008).
HCs, which contain a progestin (i.e., synthetic progesterone) and sometimes a
synthetic estrogen (usually ethinyl estradiol), are used to prevent pregnancy, but also
offer other health benefits, such as reduced menstrual flow, regulating menstrual cycles,
and the reduction of other hormone-related symptoms (e.g., acne; Schindler 2013). HCs
are available in several administration routes (e.g., oral pill, injection, hormonal IUD,
skin patch) and hormonal formulations. Most provide a synthetic progestin at levels
that inhibit the luteinizing hormone surge at mid-cycle, thus preventing ovulation.
Inhibition of ovulation by HCs is clearly caused by effects on the central nervous
system (i.e., the effects that estradiol and progestins have on the hypothalamus and the
subsequent prevention of hormonal cascades that trigger follicle development and
ovulation), although outside of these interactions, the effects that various progestins
have on the central nervous system is still not well understood (for a review of effects of
HCs on the central nervous system, see Pletzer and Kerschbaum 2014). Other forms of
HCs, such as low-dose, progestin-only contraceptive pills and hormonal IUDs, less
reliably control ovulation. Rather, they alter cervical mucus and endometrial lining in
such a way that reduces the likelihood of pregnancy (Rivera et al. 1999).
The first HC approved in the United States, Enovid, was approved for regulation of
menstrual cycles in 1957 and for contraceptive use in 1961 (although it was not
approved for prescription to non-married women for another 10 years; Dohnt 2010).
Enovid differs markedly from its modern counterparts, as it supplied roughly 10 mg of
the progestin norethynodrel and 150 μg of the estrogen mestranol, whereas modern oral
contraceptives supply estrogen doses in the range of 20–50 μg (e.g., Ortho Tri-Cyclin,
Ortho-Cyclen, Sprintec [all 35 μg]) and a progestin component in the range of .1–
3.0 mg (e.g., Ortho Tri-Cyclin [.18–.25 mg], Yaz [3 mg], Ortho-Cyclen [.25 mg]).
Severe side effects (e.g., death from venous thromboembolism) were observed in users
of Enovid, and its use was eventually discontinued. There has since been a directed
effort to develop synthetic progestins with reduced side effects that more accurately
mimic endogenous progesterone (Sitruk-Ware and Nath 2010), and many distinct
progestin compounds have entered the market.
Research outside of the clinical realm has investigated the psychobehavioral effects
of endogenous and synthetic hormones (e.g., on women’s mate preferences for
opposite-sex partners; Feinberg et al. 2008; Jones et al. 2005a, b), but much of this
work has largely ignored the potential for different progestins to produce unique or
nuanced effects based on their pharmacology and pharmacokinetics (although see
Grøntvedt et al. 2017). Work investigating the effects of contraceptives on sexual
behavior and mood has more quantitatively controlled for these differences, either by
comparing contraceptive types within studies (e.g., Guida et al. 2005; Sabatini and
Cagiano 2006) or by specifically recruiting participants who are using a single type of
progestin (Caruso et al. 2004). Conversely, however, this work has largely ignored
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ways in which the neuroendocrine system has been shaped by natural selection to
modulate aspects of emotional, social, and reproductive behavior. Still, the effects of
synthetic estradiol and progestins are not well understood in these contexts (for
reviews, see Burrows et al. 2012; Pastor et al. 2013). Disambiguating how HCs
function is vital for researchers interested in how synthetic hormones differ from their
endogenous counterparts. There appears to be some confusion about how HCs function
even among researchers who examine differences between women using HCs and
those who do not (see Sprengelmeyer et al. 2009 and response from Fleischman et al.
2010). It is a common misperception that HCs elevate progesterone levels, when
progestin use systematically reduces the biosynthesis of both progesterone, as well as
other sex steroids, like estrogen and testosterone (Fleischman et al. 2010; Louw-du Toit
et al. 2017).

The current review
The purpose of this review is to underline the need for considering dose, administrative
route, and progestin type when investigating psychobehavioral effects of HCs. Below,
we provide an overview of how endogenous progesterone functions biologically and
review the biological functions of various synthetic progestins, with special attention to
differences between unique progestins and between progestins and progesterone, with
an emphasis on the adaptive role progesterone plays in coordinating systems important
for social behaviors and bonding (e.g., mood and affect systems, sexual drive and
mating systems). An overview of literature documenting how HCs have been linked to
changes in affect, sex drive, and mate preferences compared to endogenous progesterone will follow, with emphasis on studies that have quantified differences between
progestin types. Although synthetic estrogen, an important component of many HCs,
has also been associated with changes in women’s mood (Best et al. 1992) and behavior
(Cobey et al. 2012; Grøntvedt et al. 2017; Welling et al. 2012), most HCs approved for
use contain ethinyl estradiol. Due to this similarity and the breadth of different
progestins contained in various contraceptives, this review focuses on synthetic
progestins.

Biological characteristics of endogenous progesteronehj
Progesterone’s biological and psychological effects are determined by the biological
availability of the hormone, the number and distribution of progesterone receptor (PR)
types in specific tissues, and the presence of other potential binding hormone sites.
Progesterone is a steroid hormone derived from cholesterol that is synthesized in luteal
cells (Niswender 2002), as well as in the central and peripheral nervous system as a
“neurosteroid” (i.e., steroids synthesized within the nervous system that modulate the
activity and excitability of neurotransmitter receptors; Baulieu 1997). The biological
activity of progesterone is mainly determined by the amount of bound and unbound
hormone in circulation and the local availability of PRs to which progesterone can bind.
Progesterone is sensitive to metabolism when freely circulating in plasma and
circulates bound to the serum protein transcortin (also referred to as cortisol binding
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globulin [CBG]; e.g., Westohal 1986) and has a moderately high affinity for the serum
protein albumin. Progesterone not bound by serum proteins is referred to as “free”
progesterone (i.e., available to be metabolized, or “bioavailable”). Because serum
proteins influence the availability of free progesterone, the quantity of serum proteins
in circulation can control the amount of free progesterone. Its metabolism is tissuespecific, but it regularly undergoes enzymatic reduction and has several biologically
active metabolites (e.g., allopregnanolone; Stanczyk 2003).
Steroid hormones act on cells via either genomic or non-genomic pathways. They
interact with intracellular cognate receptors to form a ligand-receptor complex, which
can then act as a transcription factor (Falkenstein et al. 2000). Via the association with
the PR, progesterone influences genomic expression (e.g., Richer et al. 2002; Robker
et al. 2000). There are two main nuclear PRs: progesterone receptor-A isoform (PRA)
and progesterone receptor-B isoform (PRB). PRA and PRB are alternative splice
variants of a single gene (Conneely et al. 1987) and have distinctive cellular functions
(e.g., Mulac-Jericevic et al. 2000; Richer et al., 2002). In other words, progesterone has
different effects on gene expression when it is bound to PRA versus PRB (for review,
see Li and O’Malley 2003). Recent evidence has shown that cell-membrane associated
PRs (i.e., membrane progestin receptor alpha and progesterone membrane receptor
component 1 [PGMRC-1]; Thomas 2008) influence important transduction pathways
(e.g., interactions with G protein-coupled receptors; Burger et al. 1999) and that
progesterone has effects on the cell outside of its interaction with nuclear receptors
(i.e., non-genomic effects).
Progesterone and its metabolites also interact, at least in vitro, with other steroid
hormone receptors, specifically the mineralocorticoid (MR; e.g., Quinkler et al. 2002)
and glucocorticoid (GR; e.g., Lei et al. 2012) receptors. Interactions with other
receptors may lead to transactivation (i.e., an increase in gene transcription caused by
ligand-activated steroid receptors binding to response elements on the promoters of
target genes) or to transupression (i.e., decrease in gene expression due to ligand-bound
receptors interacting with other transcription factors). As a neurosteroid, progesterone
allosterically modulates (i.e., interacts with a receptor at a site separate from the primary
[orthosteric] site) both the oxytocin receptor and, through its metabolite
allopregnanolone, the GABA-A receptor (Edwards 2005).

Biological characteristics of synthetic progestins
A fully comprehensive review of how chemical structures of progestins differ
from endogenous progesterone is beyond the scope of this article (for review,
see Schindler et al. 2008; Stanczyk 2003). It is, however, necessary to briefly
review key differences in progestins to better understand why their biological
activity (e.g., potency, pharmacokinetics) differs from one another and to
highlight some of the differences compared to endogenous progesterone. There
are two broad categories of synthetic progestins: (1) compounds structurally
related to progesterone and (2) compounds structurally related to testosterone.
This classification scheme is indicative of the structural similarities between
progestin compounds and other steroid hormones and does not indicate how a
specific progestin was derived (i.e., it does not refer to the parent molecule
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used for derivation). These structural similarities are informative when we
consider how progestins interact with other steroid hormone receptors and
plasma carrier proteins.
Progestins structurally related to progesterone can be divided into pregnanes and 19norpregnanes. An example of a pregnane is medroxyprogesterone acetate (MPA),
which is commonly used for hormonal replacement therapy (HRT) and also comes in
an injectable form (depo-medroxyprogesterone acetate; DMPA). Nineteennorpregnanes include nomegestrol acetate and nestorone. Progestins structurally related
to testosterone can be divided into estranes and gonanes (i.e., 13-ethylgonanes).
Estranes include norethisterone (also known as norethindrone) and norethisterone
acetate, whereas gonanes/13-ethylgonanes include levonorgestrel, desogestrel,
gestodene, and norgestimate. Finally, a newer progestin, drospirenone, is a
spironolactone derivative. Spironolactone is an aldosterone antagonist and
drospirenone is an analogue that has unique progestational capacities (Krattenmacher
2000). Progestins contained within the same class have unique biological activity
compared to one another (Stanczyk et al. 2013), and considering progestins separately
rather than grouping them by class may yield the most fruitful insight into their specific
effects.
Circulation, metabolism, and bioavailability of progestins
Progestins have varying affinities for CBG and albumin (see Schindler et al. 2008).
Additionally, some progestins will bind to other plasma carrier proteins, such as sex
hormone binding globulin (SHBG), which can influence the quantity of available
estrogen and testosterone because SHBG is the carrier of these steroid hormones.
Unlike progesterone, synthetic progestins do not show any binding affinity for CBG
(see Schindler 2013). Rather, many progestins circulate bound to albumin (e.g.,
medroxyprogesterone acetate, megestrol acetate). Progestins structurally related to
testosterone (e.g., norethisterone, levonorgestrel, gestodene) bind to SHBG and albumin. Cortisol, the main steroid hormone that CBG binds to in plasma, may be affected
by these differences because available CBG determines plasma cortisol levels (Bolton
et al. 2014). Synthetic hormones reduce the quantity of endogenous sex steroids that the
body produces de novo (Louw-du Toit et al. 2016; Louw-du Toit et al. 2017). With a
reduced level of progesterone and a synthetic molecule that does not bind to CBG,
there is more CBG available to bind to cortisol, thus potentially reducing the quantity of
free cortisol and/or up-regulating the quantity of cortisol produced. Furthermore,
increased estradiol level has been associated with an increase in CBG production,
and therefore higher doses of estradiol in HCs may also influence CBG production
(Wiegratz et al. 2003). These differences in CBG availability and cortisol production
may be reflected in studies that have found HC users have different cortisol awakening
responses (e.g., Bouma et al. 2009) and different responses to stress compared to
naturally cycling women (e.g., Gaffey et al. 2014; Kirschbaum et al. 1999; Nielsen
et al. 2014), suggesting that HCs influence the hypothalamic-pituitary-adrenal (HPA)
axis.
Progestins have unique effects on the production and availability of SHBG. Progestins structurally related to testosterone have a moderate affinity for SHBG and can
displace testosterone from SHBG, resulting in higher bioavailable quantities of this
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androgen. However, it appears that all progestins increase the production of SHBG,
although gonanes less so than estranes or progestins structurally related to progesterone
(Zimmerman et al. 2014). Any increase in the availability of testosterone that gonanes
may provide via competitively binding with SHBG appears to be inconsequential when
considering the relative increase in SHBG and reduction of biosynthesis of testosterone
caused by all progestins. The reduction of bioavailable testosterone may be linked to
reports of reduced sex drive and sexual functioning that some women report when
using HCs (Burrows et al. 2012; Pastor et al. 2013).
Endogenous progesterone is readily metabolized when given orally and synthetic progestins intended to be taken orally have been designed to survive firstpass hepatic metabolism and are mainly metabolized by the liver (Stanczyk 2003),
whereas other progestins that are parenterally administered (i.e., internally, such as
in an IUD, vaginal ring, or intramuscular injection) are first metabolized by the
tissues nearest the site of administration (for a comprehensive review of the
metabolic pathways and potential metabolites of different progestin compounds,
see Kuhl 2005). Upon metabolism, some progestins, such as norethindrone, are
converted to ethinyl estradiol, which can increase the dosage of estradiol that users
experience. Relatively little research has investigated the metabolism and potentially biologically active metabolites of progestins, and there is not much known
about the metabolism of some of the most widely used progestins (e.g.,
medroxyprogesterone acetate; Stanczyk et al. 2013). There are multiple different
metabolites formed from each progestin and these could result in different biological outcomes. Endogenous progesterone is metabolized into several biologically active compounds (e.g., allopregnanolone), and it may be important for
future drug developers to consider these aspects when designing new progestin
compounds.
The absolute quantity of bioavailable progestin depends on the method of
administration, dosage, and pharmacokinetics (i.e., absorption, distribution, and
excretion) of each individual compound (see Kuhl 2005 and Stanczyk et al.
2013 for reviews of pharmacokinetics of individual progestins). For progestins
taken orally, the maximum quantity of bioavailable drug is reached within 1–
3 h after ingestion, and plasma levels decrease after that point in a manner that
is dependent on the half-life (the amount of time it takes for one half of the
administered dose to be metabolized) of each progestin compound. Although
progestin levels are kept at an average level that prevents ovulation, serum
progestin levels vary between the time each pill is consumed. Certain progestins
taken orally have a higher bioavailability because they are not metabolized in
the gut. Alternatively, progestins contained in vaginal rings reach peak serum
concentration after one week of initial administration (Timmer and Mulders
2000) and result in relatively constant serum levels of progestin. Medical
implants, injections, and intrauterine devices display a similar pattern of hormone release, although over different time periods. For example, implants and
IUDs result in higher average hormone levels during the first year from the
time of administration, with hormone levels steadily tapering off before removal. These methods of administration lead to differing levels of circulating
hormones, but exhibit more steady serum concentrations than progestins taken
orally.
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Activity of progestins on the progesterone receptor and other steroid receptors
Progestins were originally designed to mimic the effects of progesterone on the PR to
subvert and arrest the ovulatory cycle. However, since the development of the first
progestins, what is known about the complex role that progesterone plays in a plethora
of reproductive and non-reproductive capacities has expanded. Like progesterone,
progestins also interact with other steroid hormone receptors aside from PR (see
Table 1 for breakdown of different biological activity of various progestins). All
progestins show affinity for the human PR to varying degrees and are PR agonists
(Stanczyk et al. 2013). The affinity with which progestins bind to steroid receptors is
biologically significant in that cellular responses to progestins depend in part on their
concentration and how competitively they bind with receptors compared to other
ligands. These factors determine receptor occupancy, which in turn influences biological response, such as DNA transcription. In terms of binding affinity, there are a
number of progestins that exhibit a stronger affinity for human PR compared to
progesterone. In descending rank order for PR receptor affinity, gestodene,
trimegestone, levonorgestrel, medroxyprogesterone acetate, and norethisterone have
higher binding affinity for the human PR compared to progesterone (Africander et al.
2011; Attardi et al. 2010). Two newer progestins, drospirenone and dienogest, have
weaker affinity for the PR receptor compared to progesterone. It is difficult to compare
affinity values from various studies because these depend on the tissue type, cell line,
and other experiment-specific factors. Little research has been done addressing the
effects of progestins on the different progesterone receptor isoforms, although it is
likely that progestins have different affinities for PRA and PRB based on their
structural similarities to progesterone or testosterone (Africander et al. 2011). In
addition to PRA and PRB, how progestins interact with membrane-bound progesterone
receptors is unknown, although some early evidence suggests that norethisterone does
bind to a progesterone membrane receptor (Thomas et al. 2007).
Many progestins also interact with the androgen (AR), mineralocorticoid (MR), and
glucocorticoid (GR) receptors (Attardi et al. 2010; Losert et al. 1985; Regidor and
Schindler 2017; Sitruk-Ware 2003; Stanczyk et al. 2013). More recent progestins were
designed to reduce some of the unwanted side effects of earlier generations (e.g., bloat,
weight gain, skin problems), which were likely driven by the effects that these
compounds had on off-target steroid receptors (Hapgood et al. 2004; Regidor and
Schindler 2017). When discussing affinity for a receptor, this does not imply that
progesterone or progestins activate the receptor as a natural ligand would. These
interactions may result in agonistic, partially agonistic, or antagonistic effects.
Older progestins, such as medroxyprogesterone acetate, levonorgestrel, and
norethisterone, are androgen receptor agonists and do not display anti-androgenic
activity, whereas newer progestins, such as drospirenone, dienogest, and
trimegestone, have strong anti-androgenic effects and have no agonist activity at
the AR (e.g., Louw-du Toit et al. 2017). Others, such as nestorone, do not appear to
interact with the AR (e.g., Kumar et al. 2016). Differences in the androgenic nature
of progestins may result in specific side effects. For example, women using antiandrogenic progestins have a decrease in skin issues such as acne, which are
undesirable side effects of some androgenic progestins (Sitruk-Ware and Nath
2010).
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Table 1 Relative biological actions of various progestins categorized by chemical structure
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Although all progestins display activity at the progesterone receptor and are to varying degrees progestogenic, they differ in their effects at other steroid receptors, such as the estrogen
and testosterone receptors. (+) = weakly effective, (++) = strongly effective, (−) = not effective, (± ) = literature regarding interaction is not consistent, (?) = no literature defining
interaction. Data adapted from Kuhl (2011), Louw-du Toit et al. 2017, Schindler et al. (2008), Sitruk-Ware (2005), and Stanczyk et al. (2013)

Category

Table 1 (continued)

Adaptive Human Behavior and Physiology

Adaptive Human Behavior and Physiology

Progesterone interacts with the MR and may be a competitive antagonist for MR
ligands, such as aldosterone, when progesterone levels are particularly elevated (e.g.,
during the luteal phase and during pregnancy). Although the physiological implications
of these interactions in vivo are not fully understood, MRs are expressed in brain
regions important for emotional memory formation (Joëls and Baram 2009), and it is
possible that progesterone has modulatory capacities in this realm via the MR (Hamstra
et al. 2017). Progestins have varying capacities for binding at the MR. Some newer
progestins, such as drospirenone and trimegestone, were specifically developed to have
anti-mineralocorticoid properties because these were theorized to have benefits for
reducing blood pressure and improving cardiovascular function (Stanczyk et al.
2013). Progesterone has a weak affinity for the GR, which is ubiquitously expressed,
whereas progestins have diverse affinities and effects at this receptor. For example,
Koubovec et al. (2005) found that medroxyprogesterone acetate had stronger affinity
for the human GR than progesterone and was a stronger agonist than norethisterone
acetate or progesterone. Medroxyprogesterone acetate and megestrol acetate have
shown a high affinity for the GR receptor, and these progestins are likely to have
side effects related to their GR activity (e.g., Kontula et al. 1983; Koubovec et al.
2005), potentially compromising immune and cardiovascular function.

Anxiety and mood
One area of research that highlights the need for the separate consideration of the
effects of different progestins comes from work investigating the role of progesterone,
allopregnanolone, and progestins on women’s anxiety and mood. Progesterone and its
metabolite allopregnanolone can induce anxiolytic-like behavior and reduce
depressive-like behavior (e.g., immobility during a forced-swim test) in rats, and these
changes are linked to the availability of allopregnanolone in the hippocampus (Frye and
Walf 2002). However, the effect of progesterone on anxiety in humans is not as clear.
An anxiolytic, sedative-like effect of exogenous progesterone administration has been
observed in humans (Freeman et al. 1993; Söderpalm et al. 2004), but women with
higher average levels of endogenous progesterone across their menstrual cycle report
higher anxiety than women with lower average levels, and rising levels of progesterone
across the menstrual cycle is positively associated with reported attachment anxiety
(Reynolds et al. 2018). Endogenous progesterone and allopregnanolone are also stressresponsive in humans, such that after experiencing a stressful event, men’s and
women’s bodies produce and release progesterone and allopregnanolone (although
these responses appear to be menstrual-phase specific in women; see Wirth 2011, for
review). The observed anxiolytic effects of progesterone may be mediated by the
effects of allopregnanolone on the amygdala (Sripada et al. 2013).
Progesterone and allopregnanolone are also associated with premenstrual dysphoric
disorder (PMDD), which manifests during the second half of the menstrual cycle (i.e.,
the luteal phase), and causes symptoms of depression, anxiety, and mood swings
(Halbreich et al. 2003). The evidence that progesterone levels, per se, are associated
with PMDD is mixed; some studies have found that higher levels of progesterone
during the luteal phase are associated with an increase in PMDD-related anxiety and
depression, whereas others have found a negative or null relationship (reviewed in
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Bäckström et al. 2003). Some research has found that the conversion of progesterone to
allopregnanolone may be altered in women with PMDD, and an increase of
allopregnanolone during the luteal phase could be linked to an increase in experience
of anxiety symptoms in women who have PMDD (Girdler et al. 2001). It may be that
progesterone or allopregnanolone dysregulation, rather than strictly higher or lower
levels, may account for PMDD symptoms via the paradoxical effects of positive
GABA modulators in a subset of the population (for a review, see Bäckström et al.
2014). Other research has found that a specific kinetic profile of progesterone during
the end of menstrual cycles (close to onset of menses) is related to the experience of
premenstrual symptoms, such that women who experience a rapid drop in progesterone
levels three days before the onset of menstruation experience perimenstrual syndrome
(PMS) symptoms, whereas women who experienced a more gradual decline in progesterone levels during the eight days prior to menstrual onset do not (Lovick et al.
2017).
As mentioned above, some research shows that both progesterone and
allopregnanolone are stress-responsive in humans. This increase in progesterone in
response to stressors may be an adaptive response that influences individuals to seek
social contact with others, potentially to reduce the negative effects of stress (e.g.,
Maner et al. 2010). In other words, progesterone may moderate how individuals seek
social closeness to cope with and manage feelings of anxiety or depression. For
example, progesterone increases in response to social closeness in humans (Brown
et al. 2009) is positively associated with implicit affiliation motives (Schultheiss et al.
2003; Wirth and Schultheiss 2006) and appears to differentially respond to social
rejection in women based on individual social motives (Maner et al. 2010). There are
a number of ways that individuals can respond to interpersonal rejection or exclusion:
social withdrawal, which protects people from further risk of ostracism, aggression and
antagonism, to potentially reassert themselves, or a heightened desire to seek out social
contact. Maner et al. (2010) found that women who were higher in social anxiety
displayed a drop in progesterone following social exclusion, whereas women who were
low in social anxiety had an increase in progesterone. The same pattern was also
observed based on social rejection sensitivity (i.e., how likely an individual is to
perceive social rejection), suggesting that progesterone secretion in response to social
rejection is linked to individuals’ social motivations. It has further been theorized that
progesterone is related to depression in that reduced levels of progesterone and
allopregnanolone are observed in patients with these disorders and may influence
social withdrawal (Wirth 2011).
Progesterone also influences social perception in ways that are associated with its
effects on mood and anxiety. Progesterone has been linked to specific facets of
emotional learning and memory; in particular, it appears to be positively related to
how well emotional memories are encoded (Ertman et al. 2011) and to amygdala
activation in response to negative imagery (Petersen and Cahill 2015). Maner and
Miller (2014) found that estimated progesterone levels were associated with greater
accuracy in identifying emotional facial expressions and actual progesterone levels
were associated with greater attention to social, but not non-social, stimuli in a dotprobe task. These studies suggest that progesterone helps to adjust women’s perception
of their environment in adaptive ways. These changes may be adaptive if we consider
that progesterone levels increase when women’s bodies are preparing for pregnancy,

Adaptive Human Behavior and Physiology

and that progesterone levels remain elevated during pregnancy. An increase in progesterone may signal women to alter their social behavior in ways that would be beneficial
in case of pregnancy, perhaps by helping them avoid social threats and recruit potential
friends and allies during a time when stable resource availability is important (Maner
and Miller 2014).
Previous research has found that, unlike in women who are naturally cycling,
progesterone levels are not associated with affiliation motives in women using HCs
(Schultheiss et al. 2003). Furthermore, women who are using HCs do not show an
increase in attention to social stimuli over the menstrual cycle like naturally cycling
women do during the luteal phase (Maner and Miller 2014). Recent research has
indicated that mineralocorticoid receptor haplotype may influence the impact of HCs
on processing emotional imagery; HC users possessing mineralocorticoid receptor
haplotypes 1 and 3 are more perceptive of fearful and sad faces than HC users
possessing mineralocorticoid receptor haplotype 2 (Hamstra et al. 2016; Hamstra
et al. 2017). A recent meta-analysis also concluded that women using HCs had
impaired facial emotional processing compared to naturally cycling women (Osório
et al. 2018). It is possible these findings represent a dysregulation in regions of the brain
that are important for emotional processing and emotional regulation, and that this
dysregulation is what makes women using HCs more susceptible to developing a mood
disorder (Montoya and Bos 2017).
One of the most often cited reasons for ceasing to use a HC is adverse side effects, one
of which is worsening of mood (Rosenberg et al. 1995; Sanders et al. 2001). Paradoxically, one of the FDA-approved methods of treating PMDD is with contraceptives
containing drospirenone (Cunningham et al. 2009). In a double-blind, placebocontrolled crossover study, treatment with drospirenone was better than placebo at
reducing symptoms associated with PMDD (Pearlstein et al. 2005). Although considered to be one of the non-contraceptive benefits of HCs (Schindler 2013) and although
many clinicians use HCs to manage PMS symptoms, previous research investigating the
specific effects of progestins (aside from drospirenone) on PMS symptoms have shown
only small differences (Yonkers et al. 2017), null effects, or a negative relationship (i.e.,
progestin use was associated with an increase in PMS-related symptoms; Bäckström
et al. 2003; Usman et al. 2008). It is possible that the specific anti-mineralocorticoid and
anti-androgenic effects of drospirenone are responsible for its unique effects on PMDD
and PMS-related mood symptoms (Yonkers et al. 2008). These conflicting results may
point toward person-specific factors that predispose certain individuals to be sensitive to
the mood effects of HCs or specific progestins. Comparisons of drospirenone with other
progestins that vary in their anti-mineralocorticoid and anti-androgenic effects may help
elucidate drospirenone’s distinct effects on PMDD and PMS symptoms. The role that
different progestins play in modulating allopregnanolone levels should also be considered, as some progestins have been shown to decrease and stabilize endogenous
allopregnanolone levels (e.g., Porcu et al. 2012; Santoru et al., 2014). This effect may
be beneficial for individuals who are particularly sensitive to high or fluctuating levels of
allopregnanolone, but could result in the development of mood or anxiety symptoms in
those who are less sensitive to changes in GABA modulators or whose allopregnanolone
levels are reduced too greatly by HC use.
Other research has found that women using oral contraceptives have less variability
in affect and mood across cycles compared to women who are not using HCs (Oinonen
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and Mazmanian 2002). These authors also found that monophasic formulations (i.e.,
contraceptives that contain the same quantity of progestin and/or estradiol across the
cycle) resulted in more mood stability than triphasic formulations (i.e., contraceptives
that vary in progestin dosage across weeks leading to the placebo/withdrawal period
week), which may implicate progestins in the increase in mood stability. This type of
research design highlights the necessity of investigating dosage effects of synthetic
hormones on target behaviors and the unique effects of different contraceptive formulations (i.e., monophasic, biphasic, triphasic, continuous). However, it should also be
noted that many studies investigating the influence of HCs on mood may be influenced
by the survivor effect (e.g., Kay 1984). Individuals who experience negative side
effects while using contraceptives are more likely to discontinue use and may become
less represented in studies that sample women who have been using contraceptives for
longer periods of time.
In an impressive recent study including over one million Danish women, Skovlund
et al. (2016) investigated how incident rates ratios for a first use of antidepressant and
for first diagnosis of depression was associated with use of various forms and formulations of HCs. They found that use of HCs, especially in young women, was
associated with a higher incidence of both prescription of antidepressants and of a
depression diagnosis, even after removing women who had been diagnosed with any
major psychological disorder (including depression) before their 15th birthday. These
authors found that the use of specific forms of HCs containing different progestins was
associated with different incidence rates (i.e., the number of new reported cases in a
given population) of an antidepressant prescription. Women using progestin-only pills,
as well as women using the patch (norestrolmin) and the vaginal ring (etonogestrel),
had higher incident ratios for antidepressant use compared to women who did not use
contraceptives. Women in these groups also had higher incident rates than women
using other forms of progestins, such as a combination ethinyl estradiol and
norethisterone oral pill. In a more recent study, the same group also found that women
using specific forms of contraceptives (e.g., vaginal ring) were at higher risk for suicide
attempt relative to non-users and users of other types of contraceptives (Skovlund et al.
2017). The results of these studies are particularly compelling and emphasize the
specific ways that different progestins contribute to the development of mood disorders.
Further replications of this research and an expansive consideration of how separate
progestins contribute to the experience of depressive symptoms and changes in affect is
a topic that deserves more inquiry.

Sex drive and sexual functioning
Another body of research has implicated both steroid hormones and progestin use to
changes in women’s sexual drive and functioning. Sex drive is positively associated
with androgens in women, although the precise androgen (e.g., total or free testosterone, androstenedione, or dehydroepiandrosterone sulfate) is debated (see Davis et al.
2005). Evidence for the relationship between androgens and sex drive comes from a
substantial body of literature documenting ways in which various androgens, particularly testosterone, influence women’s sex drive. For example, pre-menopausal women
with low sex drive and poor physiological function have an increase in sexual function
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after testosterone treatment (Goldstat et al. 2003), and testosterone administration in
post-menopausal women has been used as a treatment for hypoactive sexual desire
disorder (e.g., Braunstein et al. 2005; Buster et al. 2005). A combination of androgens
(e.g., free testosterone and androstenedione) are positively correlated with women’s sex
drive (Wåhlin-Jacobsen et al. 2015, 2017), and decreased androgen levels are associated with lower sexual desire, arousal, lubrication, and orgasm scores (Turna et al.
2005). Despite evidence for supraphysiological elevations of testosterone increasing
women’s sexual desire, some have argued that estradiol, rather than testosterone, is
more reliably linked to sexual desire in women (Cappelletti and Wallen 2016). Certainly, in many other mammalian species estradiol has been found to be important for
female sexual motivation (see Cappallet and Wallen 2016). There is evidence that
elevated estradiol levels positively predict women’s sexual desire during natural menstrual cycles (Shirazi et al. 2019), whereas some research finds that endogenous
testosterone fluctuations across the cycle do not (Jones et al. 2018a; Roney and
Simmons, 2013; but see Shirazi et al. 2019).
Sexual desire and motivation have also been linked to progesterone levels. Progesterone is negatively associated with sexual behavior in several non-human primates
(Roney 2015; Wallen 2001). Changes in sexual behavior across women’s menstrual
cycle, such as an increase in women’s sexual initiation (Adams et al. 1978) and sexual
desire (Arslan et al. 2018; Roney and Simmons 2013) during the follicular phase, have
linked sexual motivation to low progesterone. Among post-menopausal women receiving hormonal replacement therapy, “adding back” a synthetic progesterone component
to hormonal therapies reduces their effectiveness at restoring sex drive (Dennerstein
et al. 1980). Importantly, this research suggests that progestins may negatively influence sex drive through their own mechanisms or through the suppression of other
hormones like androgens.
Aside from issues with mood, changes in sexual desire or sexual functioning
ascribed to HC use is one of the other best predictors of women discontinuing
use of HCs (Rosenberg et al. 1995; Sanders et al. 2001). Given that androgens
are associated with women’s sex drive (Wåhlin-Jacobsen et al. 2015, 2017),
research investigating the effects of HC on sex drive have largely focused on
the effect of HCs on endogenous androgens. Although all progestins reduce the
biosynthesis of testosterone and other androgens and increase the production of
SHBG (Zimmerman et al. 2014), which reduces the total quantity of androgens
available in circulation, the use of progestins has not been found to reliably
influence sex drive in all women in a specific direction (for review see Burrows
et al. 2012; Casey et al. 2017; Pastor et al. 2013).
There are positive effects of HCs on women’s sexual functioning, such as
reduction of gynecological pain, and some studies suggest that drospirenone
may be effective at treating some symptoms of endometriosis (Köhler et al.
2010). However, other studies have found that use of HCs is associated with
negative changes in sexual desire and functioning (e.g., Smith et al. 2014;
Wallwiener et al. 2010a; Wallwiener et al. 2010b). For instance, vaginal lubrication, which is influenced by circulating androgens, is negatively associated with
HC use; users of two different oral contraceptives containing either levonorgestrel
or gestodene experienced increased vaginal dryness (although these symptoms
improved the more cycles women used the contraceptives; Sabatini and Cagiano,
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2006). Van Lunsen et al. (2018) found that both oral contraceptive pills containing
levonorgestrel and drospirenone reduced scores on desire for sexual partners, and
levonorgestrel reduced arousal, lubrication, sexual arousability, whereas
drospirenone did not. The addition of dehydroepiandrosterone (DHEA, an androgen) improved the facets of sexual functioning that were reduced by contraceptive
use. Androgenic progestins may result in lesser reductions in sexual functioning,
but, thus far, research testing whether switching from HCs containing antiandrogenic progestins to those containing androgenic progestin has not supported
this idea (Davis et al. 2013). Two studies have found that use of combined oral
contraceptives, irrespective of progestin type or dose, was associated with lower
scores of sexual desire and arousal (Wallwiener et al. 2010a) and lower scores on
measures of sexual function (Wallwiener et al. 2010b). Method of administration
may also be associated with sexual function; one study found that depomedroxyprogesterone (progestin-only injection), the vaginal ring (etonogestrel),
and implant (etonogestrel) caused reductions in desire, whereas other contraceptive types did not (Boozalis et al. 2016). Decline in sexual desire across women’s
lifetime has been linked to declining estrogen levels and it has been suggested that
these progestin-only contraceptive types may be reducing sex drive through their
reduction in endogenous estrogen production and lack of synthetic replacement
(Boozalis et al. 2016).
HCs may influence sexual satisfaction and function via other routes aside from
modulation of endogenous hormone levels. Genetic factors, such as the number of
polymorphisms in androgen receptors (which is related to reactivity/activity of
androgen receptors) may also influence women’s response to HCs (Elaut et al.
2012; Goldstein et al. 2014). Sexual desire and functioning are negatively associated with mood disorders and depression (Kennedy et al. 1999) and there is a
strong connection between cognition and sexual functioning in women (Basson
et al. 2003), such that disturbances in mood and affect can have reciprocal effects
on sex drive and sexual functioning. Thus, the negative mood effects that women
experience when using different progestins may also impact their sex drive and
sexual functioning.
Despite decreases in sexual desire and functioning being a commonly reported unwanted side effect of HC use, there are few studies that systematically
compare the effects of different progestin types, HC formulation, or HC administrative routes on women’s sexual desire and functioning. Most comparative
studies have focused on the effects of two or three varieties of progestins (e.g.,
van Lunsen et al. 2018; Sabatini and Cagiano, 2006), contraceptives types (e.g.,
comparison of oral HC users to non-oral routes of HC use; Wallwiener et al.
2010a), or grouped all HC users together and compared them to non-users (e.g.,
Smith et al. 2014). This approach fails to capture progestin, formulation, and
route-specific effects of HCs on sexual functioning and drive. It is still unclear
which factors make some women more susceptible to changes in sexual desire
or functioning upon initiation of HCs. Future large-scale studies accounting for
these factors, similar to the Skovlund et al. (2016, 2017) approach, are needed
in this area of research, as sexual health and satisfaction have been linked to
important life and relationship outcomes (e.g., relationship satisfaction,
commitment, and stability; Sprecher 2002).
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Mating preferences and relationship dynamics
Research addressing the effects of steroid hormones on women’s mating preferences
has flourished in the past 20 years, although not without contention (see Gangestad and
Grebe 2015; Gildersleeve et al. 2014b; Havliček et al. 2015; Roney et al. 2015; Wood
et al. 2014). Just like women’s mood and sex drive, women’s preferences for oppositesex morphological characteristics (e.g., facial sexual dimorphism, skin coloration, body
morphology) and partner-directed behaviors (e.g., jealousy, mate retention behaviors)
have been linked to changes in endogenous steroid hormones that fluctuate across the
menstrual cycle (for review, see Gildersleeve et al. 2014a, 2014b; Welling and Burriss
2019; Welling 2013; but see Jones et al. 2018b; Jones et al. 2018c; Jünger et al. 2018b)
and the use of HCs (see Alvergne and Lummaa 2010). Also similar to research on
mood and sex drive, research considering the unique effects of different progestin types
have been understudied in this body of literature (although see Grøntvedt et al. 2017).
Particularly, this research has tended to group contraceptive users together, with the
main constituents of the HC samples being individuals using various oral
contraceptives.
When progesterone levels are elevated, women show an increase in preference for
traits that are thought to be indicative of current health, such as facial skin coloration
(Jones et al. 2005a, b), and higher preferences for facial femininity (Jones et al. 2005a;
Puts 2006), which is associated with better long-term parental investment (Perrett et al.
1998). However, other studies have associated preference changes with other steroid
hormones (e.g., Roney et al. 2011; Welling et al. 2007) or found no association with
any steroid hormone (Jones et al. 2018a, 2018b). Marcinkowska et al. (2018) found an
interaction between relationship status and hormonal status, such that women’s average
progesterone levels were negatively associated with facial masculinity preferences for
women who were in committed relationships only (see also DeBruine et al. 2019).
Progesterone is also negatively associated with women’s preference for and perception
of human facial symmetry (Little et al. 2007b; Oinonen and Mazmanian 2007),
masculine male voices (Jünger et al. 2018b; Puts 2006; Shirazi et al. 2018), and
masculine male bodies (Gangestad et al. in press; Jünger et al. 2018a; Little et al.,
2007a; although see Peters et al. 2009).
There is growing literature documenting differences in women’s mate preferences
based on their use of HCs (reviewed in Hahn and Cobey 2019; Welling 2013). In terms
of women’s preference for opposite-sex characteristics, oral contraceptive users may
have weaker preferences for men’s facial and vocal masculinity and do not show a midcycle increase in preference for these traits, unlike naturally cycling women (Feinberg
et al. 2008; Little et al. 2007a; Penton-Voak et al. 1999; although see Jones et al.
2018b). Some research has found that when women initiate oral contraceptive use that
their preferences for male facial masculinity decrease (e.g., Little et al. 2013). Testosterone levels have also been associated with masculinity preferences in women
(Welling et al. 2007). Bobst et al. (2014) found that testosterone levels during women’s
earlier follicular phase were predictive of preference for male facial masculinity, but
only in women who were not using oral contraceptives. Oral contraceptives also
increase women’s preferences for cues to current health (e.g., skin coloration, skin
texture; Jones et al. 2005b) and may alter women’s ability to process specific components of faces, such as emotional expressions (Osório et al. 2018). Furthermore, women
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using oral contraceptives do not show an increase in preference for masculine male
bodies at mid-cycle (Little et al. 2007a). It is important to again note that the majority of
the above studies and those described below have considered contraceptive users as a
single, homogenous group and that participants in these studies have largely been using
various forms of oral contraceptives.
There is also evidence that women’s hormonal status influences how attractive they
are considered by both men and women, as well as aspects of their interpersonal
relationships (e.g., relationship satisfaction, jealousy, mate retention behavior). For
instance, Miller et al. (2007) found that lap dancers in “gentleman’s clubs” reported
earning different tips depending on where they were in their menstrual cycle. Women
who were naturally cycling received significantly more tips when they were in their
follicular phase compared to their luteal phase, whereas women who were using HCs
did not report changes in tips. Laboratory research has also found that the attractiveness
of women’s faces, voices, and scents varies cross the menstrual cycle in ways that are
specifically related to progesterone, estrogen, and testosterone levels (e.g., Gildersleeve
et al. 2012; Havlíček et al. 2006; Kuukasjärvi et al. 2004; Lobmaier et al. 2018).
Ratings of women’s vocal attractiveness are positively related to conception risk
(Pipitone and Gallup Jr 2008), and progesterone negatively predicts attractiveness
ratings of both women’s faces and voices by men and women raters (Puts et al.
2013; Roberts et al. 2004). More recently, high-powered study found that progesterone
and estrogen levels were associated with within-woman changes in facial attractiveness
ratings, although these differences were small (Jones et al. 2018b). Another study found
that, after controlling for body mass index (BMI), attractiveness ratings of women’s
bodies were positively correlated with estrogen and testosterone levels, but not progesterone (Grillot et al. 2014). Hence, more research is necessary to clarify which aspects
of women’s attractiveness vary with which steroid hormones.
Generally, Miller et al. (2007) found that women who were using HCs did not
experience an increase in tips mid-cycle. It is possible that the increase in tips that
naturally cycling women had around ovulation resulted from subtle changes in their
own behavior that influenced the tip amounts they received from patrons, or a combination of their own behavior and physical cues to their fertility status (see Thornhill and
Gangestad 2008). Men also perceive their female partners as more attractive during
their partner’s follicular phase compared to either her luteal phase or when she is using
HCs (Cobey et al. 2013a). Furthermore, women using oral contraceptives do not have
an increase in vocal attractiveness across their cycle (Ostrander et al. 2018; Pipitone and
Gallup Jr 2008). Attractiveness ratings of women’s body odor is influenced by HCs
such that their body odor is not rated as more attractive at mid cycle (Kuukasjärvi et al.
2004). Although research indicates that women’s attractiveness to others may be
influenced by HC use, no study to date has considered whether different progestin
types, for examples more androgenic versus more progestogenic varieties, differentially
impact these associations.
Steroid hormones may also influence women’s perceptions of their current romantic
relationship (reviewed by Hahn and Cobey 2019; Welling 2013; Welling and Burriss
2019). Women experience an increase in sexual desire around ovulation, but this
increase in desire for their partner is moderated by a number of partner-dependent
factors (e.g., how attractive or sexually desirable their partner is, Larson et al. 2013;
which markers of genetic quality their partner displays, Gangestad et al. 2005).
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Fluctuations of progesterone across the cycle have also been positively associated with
desire for and commitment to current partners (Jones et al. 2005a; Roney and Simmons
2016) and negatively associated with desire for extra-pair partners (Roney and
Simmons, 2016). Sexual satisfaction is related to relationship satisfaction (e.g., Byers
2005; Sprecher 2002), and changes in endogenous progesterone levels may influence
how sexually satisfied an individual is with her relationship. Furthermore, other
important behaviors related to relationship dynamics may also be influenced by
endogenous hormones across the menstrual cycle (e.g., mate retention behaviors of
male partners, Gangestad et al. 2002; female jealousy, Cobey et al. 2012), although
whether and how progesterone is implicated is unclear.
These aspects of women’s relationships have also been shown to be influenced by
the use of synthetic hormones. Women taking HCs report more frequent use of mate
retention behaviors (i.e., behaviors aimed at monopolizing a partner’s time and
preventing them from straying from a relationship) compared to women who were
natural cycling (Welling et al. 2012). Moreover, the male partners of women taking
HCs reported more mate retention behaviors compared to men who were partnered
with naturally cycling women. This increase in mate retention behaviors was associated
with the amount of synthetic estradiol in participant’s HCs, such that women taking
HCs with higher doses of estradiol reported higher levels of mate retention behavior.
The dose of progestin was not associated with mate retention behaviors, but the authors
did not consider different progestin classes. This study is one of few that have
considered unique dosage effects of different contraceptive formulations on women’s
romantic behaviors. Roberts et al. (2012) found that when women who were taking oral
contraceptives when they met their current partner scored lower on measures of sexual
satisfaction compared to women who were naturally cycling when they met their
current partner. Oral contraceptives users were more likely to initiate a separation if it
eventually occurred. Other research has found that women who met their husbands
while they were taking contraceptives became less satisfied with their partner when
they discontinued oral contraceptive use if their husband had a relatively less attractive
face, but more satisfied with their partner if they had a relatively attractive face (Russell
et al. 2014; see Roberts et al. 2014 for review of congruency hypothesis, although see
Jern et al. 2018). Intrasexual competition may also be influenced by HC use, such that
partnered women using HCs are less intrasexually competitive than their single counterparts and women who are naturally cycling (Cobey et al. 2013b). Female intrasexual
competition has been linked to testosterone (Hahn et al. 2016), so it would follow that
women using contraceptives may score lower on intrasexual competition due to the
global reduction in androgen production caused by contraceptive use.
Taken together, these results suggest that HCs could influence women’s preferences
for opposite-sex partners as well as important aspects of their romantic relationships
(for review, see Hahn and Cobey, 2019; Welling 2013). The overwhelming majority of
these studies, however, have categorized HS users as a single group and compared
them to women who were not currently using HCs. Although this approach can capture
broad differences between HC users and non-users and some of the effects initiating
HCs may have on mate preferences, they cannot capture differences in mate preferences that are due to unique pharmacological properties of different progestin types.
The limited existing large-scale research (e.g., Skovlund et al. 2016) indicates that
different progestin types contribute to specific psychological and behavioral outcomes.
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Accounting for the unique properties of different progestin types may lead to a better
understanding of if and how HCs influence mate choice. For instance, if some women
are particularly susceptible to mood changes when using HCs due to interactions with
the GABAergic system, it is possible that we may also observe differential sensitivity to
changes or differences in mate preferences based on various progestin use and individual differences in progestin sensitivity. Yet, with very few exceptions (Cobey et al.
2012; Grøntvedt et al. 2017; Welling et al. 2012), research has failed to consider the
effects of different contraceptive dose, progestin formulation, or administrative route.

Discussion
From an evolutionary perspective, progesterone, like other hormones, can be considered important for coordinating system-wide responses to allocate energy and resources
to the most fitness-maximizing options given one’s current environment or life history
(Roney 2016). From this perspective, it is clear that progesterone plays an important
part in coordinating interpretation and responses to social cues, such as emotional
expression, social rejection, and romantic and sexual stimuli. However, progestins
differ from progesterone in a number of important ways at the cellular level (Africander
et al. 2011; Louw-du Toit et al. 2017; Schindler 2013) and there is evidence that
progestins differentially influence the nervous system and some cognitive mechanisms
(reviewed in Giatti et al. 2016; Pletzer and Kerschbaum 2014). It is presently unclear if
these differences manifest at the behavioral level. Unlike research investigating the
effects of progestins on women’s affect and sex drive, which tend to focus on clinical
populations, research investigating the influence of HCs on women’s mating behavior
and psychology have largely ignored the unique qualities of different progestins.
Research in this area has typically compared naturally cycling women to women using
only oral contraceptives, and oral contraceptive users have been grouped into a single
comparison group (e.g., Feinberg et al. 2008; Jones et al. 2005a; Roberts et al. 2012).
Details about the type of oral contraceptives women are using are rarely mentioned or
accounted for in these studies, nor are other important factors, such as whether women
are taking their active pills or inactive pills at the time of survey or if they are using
monophasic versus triphasic pill formulations (although see Cobey et al. 2012; Welling
et al. 2012). Women using other forms of HCs (i.e., vaginal ring, hormonal IUD,
hormone injection, subdermal implant) are either underrepresented in these research
paradigms or absent. However, the way progestins are administered has effects on
pharmacokinetics (i.e., their bioavailability, distribution, metabolism, and excretion;
Kuhl 2005; Stanczyk et al. 2013), which is reflected in their effects on women’s affect
(Skovlund et al. 2016). It is therefore likely that these idiosyncrasies associated with
different progestins and administrative routes may also be reflected in differential
effects on women’s mating psychology and behaviors.
Understanding the ways that progesterone shapes adaptive responses to social input
(for a review, see Gangestad and Grebe 2017) will be important for predicting and
studying the ways that synthetic progestins modulate these systems. For instance, if
progesterone facilitates perception of social information (e.g., emotional expression;
Maner and Miller, 2014) and the desire for social closeness, particularly following
social exclusion (e.g., Seidel et al. 2013), then might progestins that more strongly
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interact with the progesterone receptor exaggerate these responses? This increase and
sustained sensitivity to social information may explain some previously reported
relationships in the literature, such as findings that women using HCs and their partners
report higher mate retention behaviors than women who are naturally cycling and their
partners (e.g., Welling et al. 2012). As reviewed by Welling (2013), hormones that
fluctuate across the menstrual cycle may be important for coordinating mate choice
decisions as well as satisfaction in subsequent long-term relationships. If endogenous
patterns of progesterone production are important for optimizing these decisions from a
fitness perspective, then the alteration of these systems via synthetic progestin exposure
may have down-stream consequences. Indeed, some research has found that whether
women’s hormonal contraceptive status remained the same or changed before versus
after meeting their romantic partner (i.e., congruent versus incongruent use of HC)
predicts their sexual satisfaction with that partner (e.g., Roberts et al. 2014; although
see Jern et al. 2018).
A recent study by Grøntvedt et al. (2017) used a novel approach for investigating
these differences in progestins and how they may influence women’s evolved mating
psychology. When investigating the association between hormone dose and the frequency of sexual intercourse, they collected detailed information about the brand and
type of contraceptive that participants used and then assigned an absolute progestin and
estradiol dose delivered to each participant based on the amount of each compound
supplied by their brand of contraceptive. Because it is difficult to compare progestins
on a continuous spectrum due to their unique biological qualities (e.g., bioavailability,
affinity for the progesterone receptor, androgenic effects), the authors placed the
progestins represented in their sample on a single scale adjusted for potency by using
the daily dose necessary for ovulation suppression. They also accounted for the known
androgenicity and route of administration of each progestin. Their results indicated that
as estradiol levels decreased and progestin levels increased, women’s reported faithfulness to their partner became more predictive of reported sexual intercourse frequency. This is an instructive example of how behavioral researchers interested in the effects
of contraceptives on women’s mating psychology can more accurately capture unique
qualities of progestins, and this type of approach is a necessary step toward clarifying a
field of study that has produced some conflicting or ambiguous results (see, e.g., Jones
et al. 2005a, 2005b, 2018b, 2018c).
Progesterone has specific biological and psychological effects, some of which have
only recently been elucidated (i.e., non-genomic effects of progesterone and its role as a
neurosteroid; Baulieu 1997; Thomas 2008). Synthetic progestins have been developed
to mimic the activity of progesterone at the PR, and, more recently, to mimic some of
the anti-mineralocorticoid effects of progesterone. However, progestins may influence
many non-reproductive capacities in women due to their unique pharmacokinetics,
interactions with off-target steroid receptors, effects on endogenous steroid hormone
synthesis, different bioactive metabolites, and their dosage and route of administration
(See Table 2 for important dimensions along which HCs vary and suggestions on ways
researchers can account for these differences). Future research investigating the effects
of these compounds on women’s mood, affect, sex drive, and mating preferences and
romantic relationships, as well as other aspects of behaviors, should account for these
differences in progestins when possible. Moreover, previous research should be replicated while accounting for these differences. Accounting for individual differences in
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Table 2 Unique aspects of hormonal contraceptives and suggestions for how researchers may investigate the
potential effects these differences have on variables of interest
Dimension
of concern

Variability between
hormonal contraceptives

Methodological consideration

Effective dosage of All contraceptives deliver enough
Standardizing effective progestin dosage
progestin
progestin to alter ovulation and/or alter
across contraceptive types (e.g.,
uterine environment to reduce likeliGrøntvedt et al. 2017) and controlling
hood of fertilization. However, some
for differences in effective dosage may
contraceptive pills deliver relatively
reveal dosage-specific effects. Comparmore progestin than is required for
ing women across multiple weeks of a
ovulation prevention compared to others
tri-phasic or bi-phasic combined oral
(e.g., mini-pills or micro-mini
contraceptive regimen may reveal
progestin-only pills).
within-women dosage effects of synthetic hormones.
Activity of
progestin at
other steroid
receptors

Some progestins have demonstrated
Grouping progestins by strength of activity
marked androgenic activity (e.g.,
at various receptors (e.g., AR, ER, GR,
levonorgestrel and
MR) or controlling for differences in
medroxyprogesterone acetate).
activity at these receptor sites may
Particularly, first and second generation
reveal progestin-specific effects and
progestins are more androgenic than
implicate other steroid hormone systems
fourth generation progestins like
in the behavior of interest.
drospirenone and dienogest. Progestins
also vary in their activity at the
mineralocorticoid and glucocorticoid
receptor activity (see Table 1).

Estradiol/Progestin
ratio

Hormonal contraceptives vary in their
delivery of estradiol and the relative
ratio of estradiol to progesterone.

Time since
administration

Pharmacokinetic profiles for hormonal
Researchers could consider comparing
contraceptives vary based on
women using active versus inactive
administrative route. Oral
(placebo) oral contraceptive pills.
contraceptives cause roughly daily
Methods assessing women using oral
fluctuations in plasma hormone levels
contraceptives may control for time
that depend on when pills are taken and
since they consumed their most recent
when women are using active versus
pill, or assess individuals before and
inactive pills. Longer-acting forms of
after taking their oral contraceptives
contraceptives (e.g., injections, implant,
(e.g., at times when plasma levels
IUDs) also result in varying levels of
should be lowest and highest). For
plasma hormone concentration, albeit
longer-acting methods, researchers
over longer time-spans
could compare women who just received their treatment (e.g., an injection)
and women who are almost due for a
new treatment.

Route of
administration

There are substantial pharmacokinetic
differences between oral contraceptive
pills (i.e., enteral administrative route)
and vaginal rings, IUDs, implants, and
skin patches (i.e., parenteral
administrative route).

Researchers can calculate the effective
dosage of progestin contained per
contraceptive brand/type and then calculate the relative estradiol to effective
progestin dosage to include in analyses
including women using hormonal contraceptives.

Administrative route is associated with
differences in important health
outcomes (e.g., depression; Skovlund
et al. 2016). Researcher could intentionally recruit women using non-oral
forms of hormonal contraceptives and
compare responses based on enteral
versus parenteral administrative routes
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Table 2 (continued)
Dimension
of concern

Variability between
hormonal contraceptives

Methodological consideration

broadly, or by specifically comparing
each administrative route present in their
study (e.g., compare IUD users to implant users and injection users). Researchers should also intentionally recruit women using non-oral routes of
hormonal contraceptives because these
groups are largely under-represented in
psychobehavioral research on hormonal
contraceptives.

sensitivity to endogenous and exogenous hormones will also be a key aspect of
research clarifying the effects of progestins on these domains. Factors such as a history
of PMDD and depression, and individual genetic differences, such as androgen receptor polymorphisms or mineralocorticoid receptor haplotype, may moderate the effects
that women experience when they initiate HC use (Elaut et al. 2012; Hamstra et al.
2017; Joffe et al. 2003).
Future behavioral research accounting for these unique differences in progestin
compounds may be influential and informative for the development of new contraceptive progestins and hormonal replacement therapies. This line of research may also be
instructive for the development of male HCs and hormonal transition therapies (e.g.,
menopausal hormone replacement therapy). HCs have been important for women’s
ability to take control of their fertility and reproductive choices, and the use of HCs has
led to improved economic and health outcomes for women and their children (Bailey
2006; Goldin and Katz 2002), and thus potential side effects should be weighed against
these benefits. Nevertheless, a complete understanding of the effects that different
synthetic progestins have on users’ physiology, psychology, and behavior is essential
for providing both practitioners and the individuals using these drugs with the information necessary to make informed medical decisions. Currently, research accounting
for these differences is lacking.

Compliance with ethical standards
Conflict of Interest
interest.

On behalf of all authors, the corresponding author states that there is no conflict of

References
Adams, D. B., Gold, A. R., & Burt, A. D. (1978). Rise in female-initiated sexual activity at ovulation and its
suppression by oral contraceptives. New England Journal of Medicine, 299(21), 1145–1150.
Africander, D., Verhoog, N., & Hapgood, J. P. (2011). Molecular mechanisms of steroid receptor-mediated
actions by synthetic progestins used in HRT and contraception. Steroids, 76(7), 636–652.

Adaptive Human Behavior and Physiology
Alvergne, A., & Lummaa, V. (2010). Does the contraceptive pill alter mate choice in humans? Trends in
Ecology & Evolution, 25(3), 171–179.
Arslan, R. C., Schilling, K. M., Gerlach, T. M., & Penke, L. (2018). Using 26,000 diary entries to show
ovulatory changes in sexual desire and behavior. Journal of Personality and Social Psychology.
https://doi.org/10.1037/pspp0000208. [Epub ahead of print]
Attardi, B. J., Koduri, S., & Hild, S. A. (2010). Relative progestational and androgenic activity of four
progestins used for male hormonal contraception assessed in vitro in relation to their ability to suppress
LH secretion in the castrate male rat. Molecular and Cellular Endocrinology, 328(1–2), 16–21.
Bäckström, T., Andreen, L., Birzniece, V., Björn, I., Johansson, I. M., Nordenstam-Haghjo, M., et al. (2003).
The role of hormones and hormonal treatments in premenstrual syndrome. CNS Drugs, 17(5), 325–342.
Bäckström, T., Bixo, M., Johansson, M., Nyberg, S., Ossewaarde, L., Ragagnin, G., et al. (2014).
Allopregnanolone and mood disorders. Progress in Neurobiology, 113, 88–94.
Bailey, M. J. (2006). More power to the pill: the impact of contraceptive freedom on women's life cycle labor
supply. The Quarterly Journal of Economics, 121(1), 289–320.
Basson, R., Leiblum, S., Brotto, L., Derogatis, L., Fourcroy, J., Fugl-Meyer, K., et al. (2003). Definitions of
women's sexual dysfunction reconsidered: advocating expansion and revision. Journal of Psychosomatic
Obstetrics and Gynecology, 24(4), 221–229.
Baulieu, E. E. (1997). Neurosteroids: of the nervous system, by the nervous system, for the nervous system.
Recent Progress in Hormone Research, 52, 1–32.
Becker, J. B., & Koob, G. F. (2016). Sex differences in animal models: focus on addiction. Pharmacological
Reviews, 68(2), 242–263.
Best, N. R., Rees, M. P., Barlow, D. H., & Cowen, P. J. (1992). Effect of estradiol implant on noradrenergic
function and mood in menopausal subjects. Psychoneuroendocrinology, 17(1), 87–93.
Bobst, C., Sauter, S., Foppa, A., & Lobmaier, J. S. (2014). Early follicular testosterone level predicts
preference for masculinity in male faces–but not for women taking hormonal contraception.
Psychoneuroendocrinology, 41, 142–150.
Bolton, J. L., Hayward, C., Direk, N., Lewis, J. G., Hammond, G. L., Hill, L. A., et al. (2014). Genome wide
association identifies common variants at the SERPINA6/SERPINA1 locus influencing plasma cortisol
and corticosteroid binding globulin. PLoS Genetics, 10(7), e1004474.
Boozalis, M. A., Tutlam, N. T., Robbins, C. C., & Peipert, J. F. (2016). Sexual desire and hormonal
contraception. Obstetrics and Gynecology, 127(3), 563.
Bouma, E. M., Riese, H., Ormel, J., Verhulst, F. C., & Oldehinkel, A. J. (2009). Adolescents’ cortisol
responses to awakening and social stress; effects of gender, menstrual phase and oral contraceptives.
The TRAILS study. Psychoneuroendocrinology, 34(6), 884–893.
Braunstein, G. D., Sundwall, D. A., Katz, M., Shifren, J. L., Buster, J. E., Simon, J. A., et al. (2005). Safety
and efficacy of a testosterone patch for the treatment of hypoactive sexual desire disorder in surgically
menopausal women: a randomized, placebo-controlled trial. Archives of Internal Medicine, 165(14),
1582–1589.
Brown, S. L., Fredrickson, B. L., Wirth, M. M., Poulin, M. J., Meier, E. A., Heaphy, E. D., et al. (2009). Social
closeness increases salivary progesterone in humans. Hormones and Behavior, 56(1), 108–111.
Burger, K., Fahrenholz, F., & Gimpl, G. (1999). Non-genomic effects of progesterone on the signaling
function of G protein-coupled receptors. FEBS Letters, 464(1–2), 25–29.
Burrows, L. J., Basha, M., & Goldstein, A. T. (2012). The effects of hormonal contraceptives on female
sexuality: a review. The Journal of Sexual Medicine, 9(9), 2213–2223.
Buster, J. E., Kingsberg, S. A., Aguirre, O., Brown, C., Breaux, J. G., Buch, A., et al. (2005). Testosterone
patch for low sexual desire in surgically menopausal women: a randomized trial. Obstetrics &
Gynecology, 105(5), 944–952.
Byers, E. S. (2005). Relationship satisfaction and sexual satisfaction: A longitudinal study of individuals in
long-term relationships. Journal of Sex Research, 42(2), 113–118.
Cappelletti, M., & Wallen, K. (2016). Increasing women's sexual desire: the comparative effectiveness of
estrogens and androgens. Hormones and Behavior, 78, 178–193.
Caruso, S., Agnello, C., Intelisano, G., Farina, M., Di Mari, L., & Cianci, A. (2004). Sexual behavior of
women taking low-dose oral contraceptive containing 15 μg ethinylestradiol/60 μg gestodene.
Contraception, 69(3), 237–240.
Casey, P. M., MacLaughlin, K. L., & Faubion, S. S. (2017). Impact of contraception on female sexual
function. Journal of Women's Health, 26(3), 207–213.
Cleland, J., Conde-Agudelo, A., Peterson, H., Ross, J., & Tsui, A. (2012). Contraception and health. The
Lancet, 380(9837), 149–156.

Adaptive Human Behavior and Physiology
Cobey, K. D., Buunk, A. P., Pollet, T. V., Klipping, C., & Roberts, S. C. (2013a). Men perceive their female
partners, and themselves, as more attractive around ovulation. Biological Psychology, 94(3), 513–516.
Cobey, K. D., Buunk, A. P., Roberts, S. C., Klipping, C., Appels, N., Zimmerman, Y., et al. (2012). Reported
jealousy differs as a function of menstrual cycle stage and contraceptive pill use: A within-subjects
investigation. Evolution and Human Behavior, 33(4), 395–401.
Cobey, K. D., Klipping, C., & Buunk, A. P. (2013b). Hormonal contraceptive use lowers female intrasexual
competition in pair-bonded women. Evolution and Human Behavior, 34(4), 294–298.
Conneely, O. M., Maxwell, B. L., Toft, D. O., Schrader, W. T., & O'Malley, B. W. (1987). The A and B forms
of the chicken progesterone receptor arise by alternate initiation of translation of a unique mRNA.
Biochemical and Biophysical Research Communications, 149(2), 493–501.
Cunningham, J., Yonkers, K. A., O'brien, S., & Eriksson, E. (2009). Update on research and treatment of
premenstrual dysphoric disorder. Harvard Review of Psychiatry, 17(2), 120–137.
Davis, S. R., Bitzer, J., Giraldi, A., Palacios, S., Parke, S., Serrani, M., et al. (2013). Change to either a
nonandrogenic or androgenic progestin-containing oral contraceptive preparation is associated with
improved sexual function in women with oral contraceptive-associated sexual dysfunction. The Journal
of Sexual Medicine, 10(12), 3069–3079.
Davis, S. R., Davison, S. L., Donath, S., & Bell, R. J. (2005). Circulating androgen levels and self-reported
sexual function in women. JAMA, 294(1), 91–96.
DeBruine, L. M., Hahn, A. C., & Jones, B. C. (2019). Does the interaction between partnership status and
average progesterone level predict women's preferences for facial masculinity? Hormones and Behavior,
107, 80–82.
Dennerstein, L., Burrows, G. D., Wood, C., & Hyman, G. (1980). Hormones and sexuality: effect of estrogen
and progestogen. Obstetrics and Gynecology, 56(3), 316–322.
Dhont, M. (2010). History of oral contraception. The European Journal of Contraception & Reproductive
Health Care, 15(sup2), S12–S18.
Donner, N. C., & Lowry, C. A. (2013). Sex differences in anxiety and emotional behavior. Pflügers ArchivEuropean Journal of Physiology, 465(5), 601–626.
Drossopoulou, G., Antoniou, K., Kitraki, E., Papathanasiou, G., Papalexi, E., Dalla, C., & PapadopoulouDaifoti, Z. (2004). Sex differences in behavioral, neurochemical and neuroendocrine effects induced by
the forced swim test in rats. Neuroscience, 126(4), 849–857.
Edwards, D. P. (2005). Regulation of signal transduction pathways by estrogen and progesterone. Annual
Review of Physiology, 67, 335–376.
Elaut, E., Buysse, A., De Sutter, P., De Cuypere, G., Gerris, J., Deschepper, E., & T'Sjoen, G. (2012). Relation
of androgen receptor sensitivity and mood to sexual desire in hormonal contraception users.
Contraception, 85(5), 470–479.
Ertman, N., Andreano, J. M., & Cahill, L. (2011). Progesterone at encoding predicts subsequent emotional
memory. Learning & Memory, 18(12), 759–763.
Falkenstein, E., Tillmann, H. C., Christ, M., Feuring, M., & Wehling, M. (2000). Multiple actions of steroid
hormones—a focus on rapid, nongenomic effects. Pharmacological Reviews, 52(4), 513–556.
Feinberg, D. R., DeBruine, L. M., Jones, B. C., & Little, A. C. (2008). Correlated preferences for men's facial
and vocal masculinity. Evolution and Human Behavior, 29(4), 233–241.
Fleischman, D. S., Navarrete, C. D., & Fessler, D. M. (2010). Oral contraceptives suppress ovarian hormone
production. Psychological Science, 21(5), 750–752.
Freeman, E. W., Purdy, R. H., Coutifaris, C., Rickels, K., & Paul, S. M. (1993). Anxiolytic metabolites of
progesterone: correlation with mood and performance measures following oral progesterone administration to healthy female volunteers. Neuroendocrinology, 58(4), 478–484.
Frye, C. A., & Walf, A. A. (2002). Changes in progesterone metabolites in the hippocampus can modulate
open field and forced swim test behavior of proestrous rats. Hormones and Behavior, 41(3), 306–315.
Gaffey, A. E., Wirth, M. M., Hoks, R. M., Jahn, A. L., & Abercrombie, H. C. (2014). Circulating cortisol
levels after exogenous cortisol administration are higher in women using hormonal contraceptives: data
from two preliminary studies. Stress, 17(4), 314–320.
Gangestad, S. W., Dinh, T., Grebe, N. M., Del Giudice, M., & Thompson, M. E. (in press). Psychological
cycle shifts redux: Revisiting a preregistered study examining preferences for muscularity. Evolution and
Human Behavior.
Gangestad, S. W., & Grebe, N. M. (2015). Are within-cycle variations in women’s sexual interests mere byproducts? A comment on Havliček et al. Behavioral Ecology, 26(5), 1262–1263.
Gangestad, S. W., & Grebe, N. M. (2017). Hormonal systems, human social bonding, and affiliation.
Hormones and Behavior, 91, 122–135.

Adaptive Human Behavior and Physiology
Gangestad, S. W., Thornhill, R., & Garver, C. E. (2002). Changes in women's sexual interests and their
partner's mate–retention tactics across the menstrual cycle: evidence for shifting conflicts of interest.
Proceedings of the Royal Society of London. Series B: Biological Sciences, 269(1494), 975–982.
Gangestad, S. W., Thornhill, R., & Garver-Apgar, C. E. (2005). Women's sexual interests across the ovulatory
cycle depend on primary partner developmental instability. Proceedings of the Royal Society B:
Biological Sciences, 272(1576), 2023–2027.
Giatti, S., Melcangi, R. C., & Pesaresi, M. (2016). The other side of progestins: effects in the brain. Journal of
Molecular Endocrinology, 57(2), R109.
Gildersleeve, K., Haselton, M. G., & Fales, M. R. (2014a). Do women’s mate preferences change across the
ovulatory cycle? A meta-analytic review. Psychological Bulletin, 140(5), 1205.
Gildersleeve, K., Haselton, M. G., & Fales, M. R. (2014b). Meta-analyses and p-curves support robust cycle
shifts in women's mate preferences: reply to Wood and Carden (2014) and Harris, Pashler, and Mickes
(2014). Psychological Bulletin, 140(5), 1272–1280.
Gildersleeve, K. A., Haselton, M. G., Larson, C. M., & Pillsworth, E. G. (2012). Body odor attractiveness as a
cue of impending ovulation in women: evidence from a study using hormone-confirmed ovulation.
Hormones and Behavior, 61(2), 157–166.
Girdler, S. S., Straneva, P. A., Light, K. C., Pedersen, C. A., & Morrow, A. L. (2001). Allopregnanolone levels
and reactivity to mental stress in premenstrual dysphoric disorder. Biological Psychiatry, 49(9), 788–797.
Goldin, C., & Katz, L. F. (2002). The power of the pill: Oral contraceptives and women’s career and marriage
decisions. Journal of Political Economy, 110(4), 730–770.
Goldstat, R., Briganti, E., Tran, J., Wolfe, R., & Davis, S. R. (2003). Transdermal testosterone therapy
improves well-being, mood, and sexual function in premenopausal women. Menopause, 10(5), 390–398.
Goldstein, A. T., Belkin, Z. R., Krapf, J. M., Song, W., Khera, M., Jutrzonka, S. L., et al. (2014).
Polymorphisms of the androgen receptor gene and hormonal contraceptive induced provoked
vestibulodynia. The Journal of Sexual Medicine, 11(11), 2764–2771.
Grillot, R. L., Simmons, Z. L., Lukaszewski, A. W., & Roney, J. R. (2014). Hormonal and morphological
predictors of women’s body attractiveness. Evolution and Human Behavior, 35(3), 176–183.
Grøntvedt, T. V., Grebe, N. M., Kennair, L. E. O., & Gangestad, S. W. (2017). Estrogenic and progestogenic
effects of hormonal contraceptives in relation to sexual behavior: insights into extended sexuality.
Evolution and Human Behavior, 38(3), 283–292.
Guida, M., Di Spiezio Sardo, A., Bramante, S., Sparice, S., Acunzo, G., Tommaselli, G. A., et al. (2005).
Effects of two types of hormonal contraception—oral versus intravaginal—on the sexual life of women
and their partners. Human Reproduction, 20(4), 1100–1106.
Hahn, A. C., & Cobey, K. D. (2019). Synthetic Hormones. The Oxford Handbook of Evolutionary Psychology
and Behavioral Endocrinology, 237.
Hahn, A. C., Fisher, C. I., Cobey, K. D., DeBruine, L. M., & Jones, B. C. (2016). A longitudinal analysis of
women’s salivary testosterone and intrasexual competitiveness. Psychoneuroendocrinology, 64, 117–122.
Halbreich, U., Borenstein, J., Pearlstein, T., & Kahn, L. S. (2003). The prevalence, impairment, impact, and
burden of premenstrual dysphoric disorder (PMS/PMDD).
Hamstra, D. A., de Kloet, E. R., Quataert, I., Jansen, M., & Van der Does, W. (2017). Mineralocorticoid
receptor haplotype, estradiol, progesterone and emotional information processing.
Psychoneuroendocrinology, 76, 162–173.
Hamstra, D. A., de Kloet, E. R., Tollenaar, M., Verkuil, B., Manai, M., Putman, P., & Van der Does, W. (2016).
Mineralocorticoid receptor haplotype moderates the effects of oral contraceptives and menstrual cycle on
emotional information processing. Journal of Psychopharmacology, 30(10), 1054–1061.
Hapgood, J. P., Koubovec, D., Louw, A., & Africander, D. (2004). Not all progestins are the same:
implications for usage. Trends in Pharmacological Sciences, 25(11), 554–557.
Havliček, J., Cobey, K. D., Barrett, L., Klapilová, K., & Roberts, S. C. (2015). The spandrels of Santa
Barbara? A new perspective on the peri-ovulation paradigm. Behavioral Ecology, 26(5), 1249–1260.
Havlíček, J., Dvořáková, R., Bartoš, L., & Flegr, J. (2006). Non-advertized does not mean concealed: body
odour changes across the human menstrual cycle. Ethology, 112(1), 81–90.
Jasienska, G., & Jasienski, M. (2008). Interpopulation, interindividual, intercycle, and intracycle natural
variation in progesterone levels: a quantitative assessment and implications for population studies.
American Journal of Human Biology, 20(1), 35–42.
Jern, P., Kärnä, A., Hujanen, J., Erlin, T., Gunst, A., Rautaheimo, H., et al. (2018). A high-powered replication
study finds no effect of starting or stopping hormonal contraceptive use on relationship quality. Evolution
and Human Behavior.
Joëls, M., & Baram, T. Z. (2009). The neuro-symphony of stress. Nature Reviews Neuroscience, 10(6), 459.

Adaptive Human Behavior and Physiology
Joffe, H., Cohen, L. S., & Harlow, B. L. (2003). Impact of oral contraceptive pill use on premenstrual mood:
predictors of improvement and deterioration. American Journal of Obstetrics and Gynecology, 189(6),
1523–1530.
Jones, B. C., Hahn, A. C., Fisher, C. I., Wang, H., Kandrik, M., & DeBruine, L. M. (2018a). General sexual
desire, but not desire for uncommitted sexual relationships, tracks changes in women’s hormonal status.
Psychoneuroendocrinology, 88, 153–157.
Jones, B. C., Hahn, A. C., Fisher, C. I., Wang, H., Kandrik, M., Han, C., et al. (2018b). No compelling
evidence that preferences for facial masculinity track changes in women’s hormonal status. Psychological
Science, 29(6), 996–1005.
Jones, B. C., Hahn, A. C., Fisher, C. I., Wang, H., Kandrik, M., Lao, J., et al. (2018c). No evidence that more
physically attractive women have higher estradiol or progesterone. bioRxiv, 136515.
Jones, B. C., Little, A. C., Boothroyd, L., DeBruine, L. M., Feinberg, D. R., Smith, M. L., et al. (2005a).
Commitment to relationships and preferences for femininity and apparent health in faces are strongest on
days of the menstrual cycle when progesterone level is high. Hormones and Behavior, 48(3), 283–290.
Jones, B. C., Perrett, D. I., Little, A. C., Boothroyd, L., Cornwell, R. E., Feinberg, D. R., et al. (2005b).
Menstrual cycle, pregnancy and oral contraceptive use alter attraction to apparent health in faces.
Proceedings of the Royal Society B: Biological Sciences, 272(1561), 347–354.
Johnston, A. L., & File, S. E. (1991). Sex differences in animal tests of anxiety. Physiology & Behavior, 49(2),
245–250.
Jünger, J., Kordsmeyer, T. L., Gerlach, T. M., & Penke, L. (2018a). Fertile women evaluate male bodies as
more attractive, regardless of masculinity. Evolution and Human Behavior.
Jünger, J., Motta-Mena, N. V., Cardenas, R., Bailey, D., Rosenfield, K. A., Schild, C., et al. (2018b). Do
women's preferences for masculine voices shift across the ovulatory cycle? Hormones and Behavior, 106,
122–134.
Kay, C. R. (1984). The Royal College of General Practitioners' Oral Contraception Study: some recent
observations. Clinics in Obstetrics and Gynaecology, 11(3), 759–786.
Kennedy, S. H., Dickens, S. E., Eisfeld, B. S., & Bagby, R. M. (1999). Sexual dysfunction before antidepressant therapy in major depression. Journal of Affective Disorders, 56(2–3), 201–208.
Kirschbaum, C., Kudielka, B. M., Gaab, J., Schommer, N. C., & Hellhammer, D. H. (1999). Impact of gender,
menstrual cycle phase, and oral contraceptives on the activity of the hypothalamus-pituitary-adrenal axis.
Psychosomatic Medicine, 61(2), 154–162.
Köhler, G., Faustmann, T. A., Gerlinger, C., Seitz, C., & Mueck, A. O. (2010). A dose-ranging study to
determine the efficacy and safety of 1, 2, and 4 mg of dienogest daily for endometriosis. International
Journal of Gynecology & Obstetrics, 108(1), 21–25.
Kontula, K., Paavonen, T., Luukkainen, T., & Andersson, L. C. (1983). Binding of progestins to the
glucocorticoid receptor: correlation to their glucocorticoid-like effects on in vitro functions of human
mononuclear leukocytes. Biochemical Pharmacology, 32(9), 1511–1518.
Koubovec, D., Ronacher, K., Stubsrud, E., Louw, A., & Hapgood, J. P. (2005). Synthetic progestins used in
HRT have different glucocorticoid agonist properties. Molecular and Cellular Endocrinology, 242(1–2),
23–32.
Krattenmacher, R. (2000). Drospirenone: pharmacology and pharmacokinetics of a unique progestogen.
Contraception, 62(1), 29–38.
Kudielka, B. M., & Kirschbaum, C. (2005). Sex differences in HPA axis responses to stress: a review.
Biological Psychology, 69(1), 113–132.
Kuhl, H. (2005). Pharmacology of estrogens and progestogens: influence of different routes of administration.
Climacteric, 8(sup1), 3-63.
Kuhl, H. (2011). Pharmacology of progestogens. Journal of Reproductive Medicine and Endocrinology, 8(1),
157–177.
Kumar, N., Fagart, J., Liere, P., Mitchell, S. J., Knibb, A. R., Petit-Topin, I., et al. (2016). Nestorone® as a
novel progestin for nonoral contraception: structure-activity relationships and brain metabolism studies.
Endocrinology, 158(1), 170–182.
Kuukasjärvi, S., Eriksson, C. J., Koskela, E., Mappes, T., Nissinen, K., & Rantala, M. J. (2004). Attractiveness
of women's body odors over the menstrual cycle: the role of oral contraceptives and receiver sex.
Behavioral Ecology, 15(4), 579–584.
Larson, C. M., Haselton, M. G., Gildersleeve, K. A., & Pillsworth, E. G. (2013). Changes in women's feelings
about their romantic relationships across the ovulatory cycle. Hormones and Behavior, 63(1), 128–135.
Losert, W., Casals-Stenzel, J., & Buse, M. (1985). Progestogens with antimineralocorticoid activity.
Arzneimittel-Forschung, 35(2), 459–471.

Adaptive Human Behavior and Physiology
Lei, K., Chen, L., Georgiou, E. X., Sooranna, S. R., Khanjani, S., Brosens, J. J., et al. (2012). Progesterone acts
via the nuclear glucocorticoid receptor to suppress IL-1β-induced COX-2 expression in human term
myometrial cells. PLoS One, 7(11), e50167.
Li, X., & O'Malley, B. W. (2003). Unfolding the action of progesterone receptors. Journal of Biological
Chemistry, 278(41), 39261–39264.
Liao, P. V., & Dollin, J. (2012). Half a century of the oral contraceptive pill: historical review and view to the
future. Canadian Family Physician, 58(12), e757–e760.
Little, A. C., Burriss, R. P., Petrie, M., Jones, B. C., & Roberts, S. C. (2013). Oral contraceptive use in women
changes preferences for male facial masculinity and is associated with partner facial masculinity.
Psychoneuroendocrinology, 38(9), 1777–1785.
Little, A. C., Jones, B. C., & Burriss, R. P. (2007a). Preferences for masculinity in male bodies change across
the menstrual cycle. Hormones and Behavior, 51(5), 633–639.
Little, A. C., Jones, B. C., Burt, D. M., & Perrett, D. I. (2007b). Preferences for symmetry in faces change
across the menstrual cycle. Biological Psychology, 76(3), 209–216.
Lobmaier, J. S., Fischbacher, U., Wirthmüller, U., & Knoch, D. (2018). The scent of attractiveness: levels of
reproductive hormones explain individual differences in women's body odour. Proceedings of the Royal
Society B: Biological Sciences, 285(1886), 20181520.
Louw-du Toit, R., Perkins, M. S., Snoep, J. L., Storbeck, K. H., & Africander, D. (2016). Fourth-generation
progestins inhibit 3β-hydroxysteroid dehydrogenase type 2 and modulate the biosynthesis of endogenous
steroids. PLoS One, 11(10), e0164170.
Louw-du Toit, R., Storbeck, K. H., Cartwright, M., Cabral, A., & Africander, D. (2017). Progestins used in
endocrine therapy and the implications for the biosynthesis and metabolism of endogenous steroid
hormones. Molecular and Cellular Endocrinology, 441, 31–45.
Lovick, T. A., Guapo, V. G., Anselmo-Franci, J. A., Loureiro, C. M., Faleiros, M. C. M., Del Ben, C. M., &
Brandão, M. L. (2017). A specific profile of luteal phase progesterone is associated with the development
of premenstrual symptoms. Psychoneuroendocrinology, 75, 83–90.
Maner, J. K., & Miller, S. L. (2014). Hormones and social monitoring: Menstrual cycle shifts in progesterone
underlie women's sensitivity to social information. Evolution and Human Behavior, 35(1), 9–16.
Maner, J. K., Miller, S. L., Schmidt, N. B., & Eckel, L. A. (2010). The endocrinology of exclusion: Rejection
elicits motivationally tuned changes in progesterone. Psychological Science, 21(4), 581–588.
Marcinkowska, U. M., Kaminski, G., Little, A. C., & Jasienska, G. (2018). Average ovarian hormone levels,
rather than daily values and their fluctuations, are related to facial preferences among women. Hormones
and Behavior, 102, 114–119.
Miller, G., Tybur, J. M., & Jordan, B. D. (2007). Ovulatory cycle effects on tip earnings by lap dancers:
Economic evidence for human estrus? Evolution and Human Behavior, 28(6), 375–381.
Montoya, E. R., & Bos, P. A. (2017). How oral contraceptives impact social-emotional behavior and brain
function. Trends in Cognitive Sciences, 21(2), 125–136.
Mulac-Jericevic, B., Mullinax, R. A., DeMayo, F. J., Lydon, J. P., & Conneely, O. M. (2000). Subgroup of
reproductive functions of progesterone mediated by progesterone receptor-B isoform. Science, 289(5485),
1751–1754.
Nielsen, S. E., Ahmed, I., & Cahill, L. (2014). Postlearning stress differentially affects memory for emotional
gist and detail in naturally cycling women and women on hormonal contraceptives. Behavioral
Neuroscience, 128(4), 482.
Niswender, G. D. (2002). Molecular control of luteal secretion of progesterone. Reproduction, 123(3), 333–
339.
Oinonen, K. A., & Mazmanian, D. (2002). To what extent do oral contraceptives influence mood and affect?
Journal of Affective Disorders, 3(70), 229–240.
Oinonen, K. A., & Mazmanian, D. (2007). Facial symmetry detection ability changes across the menstrual
cycle. Biological Psychology, 75(2), 136–145.
Osório, F. L., de Paula Cassis, J. M., Machado de Sousa, J. P., Poli-Neto, O., & Martín-Santos, R. (2018). Sex
hormones and processing of facial expressions of emotion: A systematic literature review. Frontiers in
Psychology, 9, 529.
Ostrander, G. M., Pipitone, R. N., & Shoup-Knox, M. L. (2018). Interactions between observer and stimuli
fertility status: Endocrine and perceptual responses to intrasexual vocal fertility cues. Hormones and
Behavior, 98, 191–197.
Pastor, Z., Holla, K., & Chmel, R. (2013). The influence of combined oral contraceptives on female sexual
desire: a systematic review. The European Journal of Contraception & Reproductive Health Care, 18(1),
27–43.

Adaptive Human Behavior and Physiology
Pearlstein, T. B., Bachmann, G. A., Zacur, H. A., & Yonkers, K. A. (2005). Treatment of premenstrual
dysphoric disorder with a new drospirenone-containing oral contraceptive formulation. Contraception,
72(6), 414–421.
Penton-Voak, I. S., Perrett, D. I., Castles, D. L., Kobayashi, T., Burt, D. M., Murray, L. K., & Minamisawa, R.
(1999). Menstrual cycle alters face preference. Nature, 399(6738), 741.
Perrett, D. I., Lee, K. J., Penton-Voak, I., Rowland, D., Yoshikawa, S., Burt, D. M., et al. (1998). Effects of
sexual dimorphism on facial attractiveness. Nature, 394(6696), 884.
Peters, M., Simmons, L. W., & Rhodes, G. (2009). Preferences across the menstrual cycle for masculinity and
symmetry in photographs of male faces and bodies. PLoS One, 4(1), e4138.
Petersen, N., & Cahill, L. (2015). Amygdala reactivity to negative stimuli is influenced by oral contraceptive
use. Social Cognitive and Affective Neuroscience, 10(9), 1266–1272.
Petitti, D. B. (2003). Combination estrogen–progestin oral contraceptives. New England Journal of Medicine,
349(15), 1443–1450.
Pipitone, R. N., & Gallup Jr., G. G. (2008). Women's voice attractiveness varies across the menstrual cycle.
Evolution and Human Behavior, 29(4), 268–274.
Pletzer, B. A., & Kerschbaum, H. H. (2014). 50 years of hormonal contraception—time to find out, what it
does to our brain. Frontiers in Neuroscience, 8, 256.
Porcu, P., Mostallino, M. C., Sogliano, C., Santoru, F., Berretti, R., & Concas, A. (2012). Long-term
administration with levonorgestrel decreases allopregnanolone levels and alters GABAA receptor subunit
expression and anxiety-like behavior. Pharmacology Biochemistry and Behavior, 102(2), 366–372.
Puts, D. A. (2006). Cyclic variation in women’s preferences for masculine traits. Human Nature, 17(1), 114–
127.
Puts, D. A., Bailey, D. H., Cárdenas, R. A., Burriss, R. P., Welling, L. L. M., Wheatley, J. R., & Dawood, K.
(2013). Women's attractiveness changes with estradiol and progesterone across the ovulatory cycle.
Hormones and Behavior, 63(1), 13–19.
Quinkler, M., Meyer, B., Bumke-Vogt, C., Grossmann, C., Gruber, U., Oelkers, W., et al. (2002). Agonistic
and antagonistic properties of progesterone metabolites at the human mineralocorticoid receptor.
European Journal of Endocrinology, 146(6), 789–799.
Regidor, P. A., & Schindler, A. E. (2017). Antiandrogenic and antimineralocorticoid health benefits of COC
containing newer progestogens: dienogest and drospirenone. Oncotarget, 8(47), 83334.
Reynolds, T. A., Makhanova, A., Marcinkowska, U. M., Jasienska, G., McNulty, J. K., Eckel, L. A., et al.
(2018). Progesterone and women's anxiety across the menstrual cycle. Hormones and Behavior, 102, 34–
40.
Richer, J. K., Jacobsen, B. M., Manning, N. G., Abel, M. G., Wolf, D. M., & Horwitz, K. B. (2002).
Differential gene regulation by the two progesterone receptor isoforms in human breast cancer cells.
Journal of Biological Chemistry, 277(7), 5209–5218.
Rivera, R., Yacobson, I., & Grimes, D. (1999). The mechanism of action of hormonal contraceptives and
intrauterine contraceptive devices. American Journal of Obstetrics and Gynecology, 181(5), 1263–1269.
Roberts, S. C., Havlicek, J., Flegr, J., Hruskova, M., Little, A. C., Jones, B. C., et al. (2004). Female facial
attractiveness increases during the fertile phase of the menstrual cycle. Proceedings of the Royal Society of
London. Series B: Biological Sciences, 271(suppl_5), S270–S272.
Roberts, S. C., Klapilova, K., Little, A., Burriss, R., Jones, B. C., DeBruine, L. M., et al. (2012). Relationship
satisfaction and outcome in women who meet their partner while using oral contraception. Proceedings of
the Royal Society B: Biological Sciences, 279(1732), 1430–1436.
Roberts, S. C., Little, A. C., Burriss, R. P., Cobey, K. D., Klapilová, K., Havlíček, J., et al. (2014). Partner
choice, relationship satisfaction, and oral contraception: The congruency hypothesis. Psychological
Science, 25(7), 1497–1503.
Robker, R. L., Russell, D. L., Espey, L. L., Lydon, J. P., O'Malley, B. W., & Richards, J. S. (2000).
Progesterone-regulated genes in the ovulation process: ADAMTS-1 and cathepsin L proteases.
Proceedings of the National Academy of Sciences, 97(9), 4689–4694.
Roney, J. R. (2015). An evolutionary functional analysis of the hormonal predictors of women’s sexual
motivation. In The Evolution of Sexuality (pp. 99–121). Springer, Cham.
Roney, J. R. (2016). Theoretical frameworks for human behavioral endocrinology. Hormones and Behavior,
84, 97–110.
Roney, J. R., Lukaszewski, A. W., Simmons, Z. L., Eisenbruch, A. B., & Grillot, R. L. (2015). A betweenwomen account of cycle-phase shifts is probably wrong: comment on Havlíček et al. Behavioral Ecology,
26(5), 1264–1265.
Roney, J. R., & Simmons, Z. L. (2013). Hormonal predictors of sexual motivation in natural menstrual cycles.
Hormones and Behavior, 63(4), 636–645.

Adaptive Human Behavior and Physiology
Roney, J. R., & Simmons, Z. L. (2016). Within-cycle fluctuations in progesterone negatively predict changes
in both in-pair and extra-pair desire among partnered women. Hormones and Behavior, 81, 45–52.
Roney, J. R., Simmons, Z. L., & Gray, P. B. (2011). Changes in estradiol predict within-women shifts in
attraction to facial cues of men's testosterone. Psychoneuroendocrinology, 36(5), 742–749.
Roof, R. L., & Hall, E. D. (2000). Gender differences in acute CNS trauma and stroke: neuroprotective effects
of estrogen and progesterone. Journal of Neurotrauma, 17(5), 367–388.
Rosenberg, M. J., Waugh, M. S., & Meehan, T. E. (1995). Use and misuse of oral contraceptives: risk
indicators for poor pill taking and discontinuation. Contraception, 51(5), 283–288.
Russell, V. M., McNulty, J. K., Baker, L. R., & Meltzer, A. L. (2014). The association between discontinuing
hormonal contraceptives and wives’ marital satisfaction depends on husbands’ facial attractiveness.
Proceedings of the National Academy of Sciences, 111(48), 17081–17086.
Sabatini, R., & Cagiano, R. (2006). Comparison profiles of cycle control, side effects and sexual satisfaction of
three hormonal contraceptives. Contraception, 74(3), 220–223.
Sanders, S. A., Graham, C. A., Bass, J. L., & Bancroft, J. (2001). A prospective study of the effects of oral
contraceptives on sexuality and well-being and their relationship to discontinuation. Contraception, 64(1),
51–58.
Schindler, A. E. (2013). Non-contraceptive benefits of oral hormonal contraceptives. International Journal of
Endocrinology and Metabolism, 11(1), 41.
Schindler, A. E., Campagnoli, C., Druckmann, R., Huber, J., Pasqualini, J. R., Schweppe, K. W., & Thijssen,
J. H. (2008). Reprint of Classification and pharmacology of progestins. Maturitas, 61(1), 171–180.
Schultheiss, O. C., Dargel, A., & Rohde, W. (2003). Implicit motives and gonadal steroid hormones: Effects of
menstrual cycle phase, oral contraceptive use, and relationship status. Hormones and Behavior, 43(2),
293–301.
Seidel, E. M., Silani, G., Metzler, H., Thaler, H., Lamm, C., Gur, R. C., et al. (2013). The impact of social
exclusion vs. inclusion on subjective and hormonal reactions in females and males.
Psychoneuroendocrinology, 38(12), 2925–2932.
Sherman, B. M., & Korenman, S. G. (1975). Hormonal characteristics of the human menstrual cycle
throughout reproductive life. The Journal of Clinical Investigation, 55(4), 699–706.
Shirazi, T. N., Puts, D. A., & Escasa-Dorne, M. J. (2018). Filipino Women’s Preferences for Male Voice Pitch:
Intra-Individual, Life History, and Hormonal Predictors. Adaptive Human Behavior and Physiology, 4(2),
188–206.
Shirazi, T. N., Self, H., Dawood, K., Rosenfield, K. A., Penke, L., Carré, J. M., et al. (2019). Hormonal
predictors of women's sexual motivation. Evolution and Human Behavior, 40(3), 336–344.
Sitruk-Ware, R. (2003). New progestogens: A review of their effects in perimenopausal and postmenopausal
women. Drugs & Aging, 21(13), 865–883
Sitruk-Ware, R. (2005) Pharmacology of different progestogens: The special case of drospirenone.
Climacteric, 8(3), 4–12.
Sitruk-Ware, R., & Nath, A. (2010). The use of newer progestins for contraception. Contraception, 82(5),
410–417.
Skovlund, C. W., Mørch, L. S., Kessing, L. V., Lange, T., & Lidegaard, Ø. (2017). Association of hormonal
contraception with suicide attempts and suicides. American Journal of Psychiatry, 175(4), 336–342.
Skovlund, C. W., Mørch, L. S., Kessing, L. V., & Lidegaard, Ø. (2016). Association of hormonal contraception with depression. JAMA Psychiatry, 73(11), 1154–1162.
Smith, N. K., Jozkowski, K. N., & Sanders, S. A. (2014). Hormonal contraception and female pain, orgasm
and sexual pleasure. The Journal of Sexual Medicine, 11(2), 462–470.
Sprecher, S. (2002). Sexual satisfaction in premarital relationships: Associations with satisfaction, love,
commitment, and stability. Journal of Sex Research, 39(3), 190–196.
Sprengelmeyer, R., Perrett, D. I., Fagan, E. C., Cornwell, R. E., Lobmaier, J. S., Sprengelmeyer, A., et al.
(2009). The cutest little baby face: A hormonal link to sensitivity to cuteness in infant faces.
Psychological Science, 20(2), 149–154.
Söderpalm, A. H., Lindsey, S., Purdy, R. H., Hauger, R., & De Wit, H. (2004). Administration of progesterone
produces mild sedative-like effects in men and women. Psychoneuroendocrinology, 29(3), 339–354.
Sripada, R. K., Marx, C. E., King, A. P., Rampton, J. C., Ho, S. S., & Liberzon, I. (2013). Allopregnanolone
elevations following pregnenolone administration are associated with enhanced activation of emotion
regulation neurocircuits. Biological Psychiatry, 73(11), 1045–1053.
Stanczyk, F. Z. (2003). All progestins are not created equal. Steroids, 68(10–13), 879–890.
Stanczyk, F. Z., Hapgood, J. P., Winer, S., & Mishell Jr., D. R. (2013). Progestogens used in postmenopausal
hormone therapy: differences in their pharmacological properties, intracellular actions, and clinical effects.
Endocrine Reviews, 34(2), 171–208.

Adaptive Human Behavior and Physiology
Thomas, P. (2008). Characteristics of membrane progestin receptor alpha (mPRα) and progesterone membrane receptor component 1 (PGMRC1) and their roles in mediating rapid progestin actions. Frontiers in
Neuroendocrinology, 29(2), 292–312.
Thomas, P., Pang, Y., Dong, J., Groenen, P., Kelder, J. D., De Vlieg, J., et al. (2007). Steroid and G protein
binding characteristics of the seatrout and human progestin membrane receptor α subtypes and their
evolutionary origins. Endocrinology, 148(2), 705–718.
Thornhill, R., & Gangestad, S. W. (2008). The Evolutionary Biology of Human Female Sexuality. New York:
Oxford University Press.
Timmer, C. J., & Mulders, T. M. (2000). Pharmacokinetics of etonogestrel and ethinylestradiol released from a
combined contraceptive vaginal ring. Clinical Pharmacokinetics, 39(3), 233–242.
Turna, B., Apaydin, E., Semerci, B., Altay, B., Cikili, N., & Nazli, O. (2005). Women with low libido:
correlation of decreased androgen levels with female sexual function index. International Journal of
Impotence Research, 17(2), 148.
Usman, S. A. B., Indusekhar, R., & O'Brien, S. (2008). Hormonal management of premenstrual syndrome.
Best Practice & Research Clinical Obstetrics & Gynaecology, 22(2), 251–260.
van Lunsen, R. H., Zimmerman, Y., Bennink, H. J. C., Termeer, H. M., Appels, N., Fauser, B. C., & Laan, E.
(2018). Maintaining physiologic testosterone levels during combined oral contraceptives by adding
dehydroepiandrosterone: II. Effects on sexual function. A phase II randomized, double-blind, placebocontrolled study. Contraception, 98(1), 56–62.
Wåhlin-Jacobsen, S., Kristensen, E., Pedersen, A. T., Laessøe, N. C., Cohen, A. S., Hougaard, D. M., et al.
(2017). Androgens and Psychosocial Factors Related to Sexual Dysfunctions in Premenopausal Women.
The Journal of Sexual Medicine, 14(3), 366–379.
Wåhlin-Jacobsen, S., Pedersen, A. T., Kristensen, E., Læssøe, N. C., Lundqvist, M., Cohen, A. S., et al.
(2015). Is there a correlation between androgens and sexual desire in women? The Journal of Sexual
Medicine, 12(2), 358–373.
Wallen, K. (2001). Sex and context: hormones and primate sexual motivation. Hormones and Behavior, 40(2),
339–357.
Wallwiener, C. W., Wallwiener, L. M., Seeger, H., Mück, A. O., Bitzer, J., & Wallwiener, M. (2010a).
Prevalence of sexual dysfunction and impact of contraception in female German medical students. The
Journal of Sexual Medicine, 7(6), 2139–2148.
Wallwiener, M., Wallwiener, L. M., Seeger, H., Mück, A. O., Zipfel, S., Bitzer, J., & Wallwiener, C. W.
(2010b). Effects of sex hormones in oral contraceptives on the female sexual function score: a study in
German female medical students. Contraception, 82(2), 155–159.
Welling, L. L. M. (2013). Psychobehavioral effects of hormonal contraceptive use. Evolutionary Psychology,
11(3), 718–742.
Welling, L. L. M., & Burriss, R. P. (2019). Investigating the Ovulatory Cycle. The Oxford Handbook of
Evolutionary Psychology and Behavioral Endocrinology. 109.
Welling, L. L. M., Jones, B. C., DeBruine, L. M., Conway, C. A., Smith, M. L., Little, A. C., et al. (2007).
Raised salivary testosterone in women is associated with increased attraction to masculine faces.
Hormones and Behavior, 52(2), 156–161.
Welling, L. L. M., Puts, D. A., Roberts, S. C., Little, A. C., & Burriss, R. P. (2012). Hormonal contraceptive
use and mate retention behavior in women and their male partners. Hormones and Behavior, 61(1), 114–
120.
Westphal, U. (1986). Steroid-protein interactions revisited, In Steroid-Protein Interactions II (pp. 1–7). Berlin,
Heidelberg: Springer.
Wiegratz, I., Kutschera, E., Lee, J. H., Moore, C., Mellinger, U., Winkler, U. H., & Kuhl, H. (2003). Effect of
four different oral contraceptives on various sex hormones and serum-binding globulins. Contraception,
67(1), 25–32.
Wirth, M. (2011). Beyond the HPA axis: Progesterone-derived neuroactive steroids in human stress and
emotion. Frontiers in Endocrinology, 2, 19.
Wirth, M. M., & Schultheiss, O. C. (2006). Effects of affiliation arousal (hope of closeness) and affiliation
stress (fear of rejection) on progesterone and cortisol. Hormones and Behavior, 50(5), 786–795.
Wood, W., Kressel, L., Joshi, P. D., & Louie, B. (2014). Meta-analysis of menstrual cycle effects on women’s
mate preferences. Emotion Review, 6(3), 229–249.
Yonkers, K. A., Cameron, B., Gueorguieva, R., Altemus, M., & Kornstein, S. G. (2017). The influence of
cyclic hormonal contraception on expression of premenstrual syndrome. Journal of Women's Health,
26(4), 321–328.
Yonkers, K. A., O'Brien, P. S., & Eriksson, E. (2008). Premenstrual syndrome. The Lancet, 371(9619), 1200–
1210.

Adaptive Human Behavior and Physiology
Zimmerman, Y., Eijkemans, M. J. C., Bennink, H. C., Blankenstein, M. A., & Fauser, B. C. J. M. (2014). The
effect of combined oral contraception on testosterone levels in healthy women: a systematic review and
meta-analysis. Human Reproduction Update, 20(1), 76.
Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

