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Dissertation Abstract
Paradoxical menstrual cycle patterns in women’s well-being (e.g., premenstrual syndrome
[PMS] and negative experiences in the periovulatory phase) and sexual behavior (e.g., the
periovulatory sociosexual tactic shift [PSTS]) have been found. Patterns in affect and sexuality
may have evolved to co-occur if being “in the mood” facilitates sex. In this dissertation, the
development of the Women’s Reproductive Experiences (REP) Questionnaire and an initial
psychometric evaluation is presented in Part 1 of Study 1 (n = 1943 women aged 16 to 74 years).
The Women’s REP separately measures negative and positive experiences associated with
reproductive events across the lifespan in three domains: affective, sexual, and physical. In Part 2
of Study 1, evidence for reliability in factor structure (e.g., seven main scales) and internal
consistency as well as concurrent validity is provided. Women who differ in reproductive status
(e.g., pregnant, postpartum, menopausal, menstrual cycle phase, and hormonal contraceptive
use), including estimated conception probability and sex hormone levels, also differ on the
Women’s REP scales. In Part 1 of Study 2 (n = 327 women of reproductive age), evidence for
the test-retest reliability and further validity of the Women’s REP is presented. Relationships
with another newer measure, the Proceptive and Receptive Mating Strategies Scale (PARMSS),
were also examined (Part 1). In Part 2 of Study 2, the two measures were used to examine co-
variation in negative affective experiences (NA,) positive affective experiences (PA), and
proceptivity across the periovulatory and premenstrual phases in naturally cycling women (n =
41). Support was found for the hypothesis that there are two groups of women who show
opposing patterns of change differentiated by the phase in which they experience higher NA,
lower PA, and lower proceptivity: (1) the premenstrual phase (a premenstrual syndrome, 61%)

and (2) the periovulatory phase (a periovulatory syndrome, 39%). In line with the PSTS, women
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who showed what is proposed to be a periovulatory syndrome (POS) were more sociosexually
unrestricted than women who showed a PMS pattern. Overall, the two studies provide evidence
that reproductive events are related to various negative and positive experiences, and that not all
women show the classic PMS pattern of menstrual cycle experiences.

Keywords: Women’s health, Reproductive events, Hormones, Menstrual cycle, Affect, Sexuality,
Proceptivity
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General Literature Review and Introduction
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Women’s Reproductive Experiences (REP) and Hormones:
Patterns in Affective, Sexual, and Physical Well-Being

Women’s health and functioning across the lifespan may be affected by past and present
reproductive events, from puberty to the menopausal transition. Theories suggest that
psychological changes associated with natural reproductive events, including premenstrual
syndrome (PMS), may be related to evolved adaptations through sexual selection (e.g. Reiber,
2008). As epitomized by the phrase “in the mood,” there appears to be a link between affective
and sexual experiences in general (Brown, Calibuso, & Roedl, 2011; Warner & Bancroft, 1988).
Patterns in affect and sexuality may have evolved to co-occur if being in a good mood facilitates
being in the mood for sex. While mild changes in negative affect, sexual functioning, and mating
tactics during these hormone-related events are considered to be common, there is little literature
on positively, as opposed to negatively, valenced shifts as well as whether there are relationships
between shifts in affect and shifts in sexual mating behaviour. Therefore, research on symptoms
associated with reproductive events, particularly those that occur among women of reproductive
age (1.e., menstrual cycle phase and hormonal contraceptive [HC)] use), as well as hormones and
mating strategies will be reviewed. Following that, the results of two relevant two-part studies
are presented. In an attempt to further the understanding of hormone-related patterns in women’s
affective, sexual, and physical well-being, the two studies in this dissertation involved: (a) the
development and psychometric examination of a comprehensive measure of women’s
reproductive experiences across the lifespan, and (b) an investigation of relationships between
affect and sexual proceptivity across the menstrual cycle in non-users. This general introduction

represents the comprehensive literature review that was completed prior to these two studies.
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The rates of depression among girls and boys are nearly equal. However, epidemiological
research suggests that there is a shift around mid-puberty to a 2:1 female to male ratio (e.g.,
Kessler et al., 1994). Furthermore, mixed episodes, bipolar II disorder, rapid cycling bipolar
disorder, and seasonal affective disorder appear to be more common among women than men
(Arnold, 2003). Between-sex variation in mood and affect has been hypothesized to be related, in
part, to organizational and activational effects of steroidal sex hormones on the brain because
such effects are largely responsible for sexual differentiation (Eckel et al., 2008; Steiner, Dunn,
& Born, 2003).

In some women, recurrent mood disorders or emotional instability co-occur with
reproductive events characterized by hormonal shifts across the lifespan. In fact, psychological
changes across the menstrual cycle have been of interest to researchers and clinicians for
centuries. In the 5™ century B.C.E., Hippocrates alleged that retained menstrual flow could result
in delusions, mania, and thoughts of suicide, among other symptoms (Dell & Svec, 2003).
Changes in the hormonal milieu across the cycle are generally considered to underlie
premenstrual syndrome (PMS), constellations of physical and psychological symptoms that
appear just prior to, and remit following, the onset of menstruation' (Speroff & Fritz, 2005). On
the other hand, controversy still exists about PMS or negative mood symptoms in the
premenstrual phase (e.g., Chrisler & Caplan, 2002; Romans, Clarkson, Einstein, Petrovic, &

Stewart, 2012). Research on negative and beneficial side effects of HC use” (i.e., suppression or

" In the present dissertation, use of the terms “PMS,” “syndrome,” “symptom,” and “side effect” denote change
across the cycle, with HC use, or with another reproductive event and not necessarily a disorder. There are no agreed
upon, widely used criteria for PMS. The presence of only one adverse symptom (i.e., an increase in a negative
affective, sexual, or physical experience) in the premenstrual phase is required by the American College of
Obstetricians and Gynecologists (2000) and the World Health Organization (1987). However, it has been
recommended that the diagnosis of a premenstrual disorder involve at least a prospective 30% increase in symptom
severity or clinical impairment within the two weeks before menses (O’Brien et al., 2011).

* Psychological symptoms refers to both those induced by HC use overall (i.e., regardless of menstrual cycle phase)
and those across the HC-induced cycle that may or may not be a direct result of HC use.
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disruption of the natural menstrual cycle/fertility) has also been conducted for over 50 years
(Kurshan & Epperson, 2006). As will be reviewed, however, “one’s woman’s low [may be]
another’s woman’s high” (Kiesner, 2011, p. 68). That is to say, there appear to be paradoxical or
bidirectional effects on well-being in subgroups of women, not only across the menstrual cycle,
but also during other reproductive events, including HC use.

Research since the 1980s has consistently suggested that a substantial proportion of
women (i.e., 40 to 80%) report at least some premenstrual symptoms (American Psychiatric
Association [APA], 2000; Cunningham, Yonkers, O’Brian, & Eriksson, 2009; Logue & Moos,
1988). In 1987, a severe subtype of PMS, late luteal phase dysphoric disorder, was included in
the Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R; APA). With the release
of the DSM-1V (APA) in 1994, the label was changed to premenstrual dysphoric disorder
(PMDD). It was included as a criteria set provided for further study with the suggestion that it
should be diagnosed as a mood disorder not otherwise specified, and it has a prevalence rate of 3
to 8% (APA, 2000; Cunningham et al., 2009). In 2013, PMDD was classified as a distinct
depressive disorder in the DSM 5 (APA, 2013). The only other reproductive event included in
the DSM 5 is the peripartum period, which is considered to be an onset specifier of depressive,
manic, and mixed episodes’ as opposed to a distinct disorder (APA, 2013). Nonetheless, nearly
all female reproductive hormone-related events or changes have been linked to psychological
symptoms in subsets of women. For instance, 90% of the female population uses HCs in their
lifetime and upwards of 40% of these women report experiencing adverse side effects, with

emotional and sexual changes being among the primary reasons for discontinuing use (Oinonen

? This onset specifier included only the postpartum period and was not applicable to hypomanic episodes in the
DSM-IV-TR (APA, 2000).
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& Mazmanian, 2001a; Sanders, Graham, Bass, & Bancroft, 2001; Tilhonen, Leppépen,
Heikkinen, & Ahonen, 2008).

Changes in physical and mental health, including PMS, seem to exist on a continuum of
severity from normal or minimal to clinical and impairing (Lopez, Compton, Grant, & Breiling,
2006; Steiner et al., 2003). In considering severity, it may be important to distinguish between
mood and affect. Mood refers to pervasive emotional climate and is often used categorically to
establish the presence or absence of a diagnosis. Affect reflects emotional weather or fluctuations
over time (APA, 2000) and affords a more dimensional approach to research. The two main
advantages of a dimensional approach are that it allows for the examination of a spectrum of
change as well as both negatively valenced (e.g., elevated negative affect) and positively
valenced (e.g., elevated positive affect) changes (Oinonen & Mazmanian, 2002). For example,
some research indicates that negative affect and positive affect are independently related to
health complaints and social activity, respectively (e.g., Watson, 1988). Even if mood and affect
are bipolar dimensions, then both valences (e.g., negative affect and positive affect as opposed to
just high negative affect and low negative affect) should be measured to avoid ceiling or floor
effects (Green & Salovey, 1999) and to reduce the effects of bias in self-reports of psychological
changes related to reproductive events (Meaden, Hartlage, & Cook-Karr, 2005). For instance, an
assumption that seems to underlie a focus on negative experiences is that the presence of a given
negative experience or negatively worded item on a questionnaire is synonymous with the
absence of a related positive experience or positively worded item (e.g., Kiesner, 2011; cf.,

Meaden et al., 2005).
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Physiology and Endocrinology

In order to examine how girls and women respond to hormonal changes across the
lifespan, it is fundamental to have an understanding of the possible physiological and
endocrinological mechanisms. Whether the effects of hormone-related events are organizational
or activational can be ambiguous. In general, organizational changes tend to be permanent, an
example being structural changes in the brain induced by hormone exposure. Activational
changes refer to reversible effects that last only as long as the hormonal change is present, as
appears to be the case with symptoms that co-occur with a reproductive event but subsequently
remit (Phoenix, Goy, Gerall, &Young, 1959). Receptors for steroidal sex hormones exist in
numerous tissues, including the brain. Therefore, the role of reproductive events and hormones in
women’s functioning should not be overlooked, consistent with sex-based medicine (Hampson &
Young, 2008). Of particular relevance to this dissertation are events that occur during the
reproductive years of a woman’s life, namely the menstrual cycle and any HC use.

The menstrual cycle. The menstrual cycle is an infradian biological rhythm exclusive to
female mammals, although only a few species overtly menstruate (Strassman, 1996). It consists
of two co-occurring cyclic processes, the ovarian cycle and the endometrial cycle, and is
regulated by four main hormones. Follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) are gonadotropins released by the anterior pituitary gland, while estrogen and progesterone
are steroid hormones secreted by the ovaries, the female gonads. Progesterone is also secreted by
the corpus luteum, a temporary structure formed after ovulation. The neuroendocrine component
of the cycle is the hypothalamic-pituitary-ovarian (HPO) axis. The hypothalamus releases a
neurohormone, gonadotropin-releasing hormone (GnRH), stimulating the secretion of

gonadotropins that influence ovarian function, all of which involves feedback loops (Ferin,
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Jewelewicz, & Warren, 1993). GnRH and the gonadotropins are released in ultradian pulses that
change in frequency and amplitude across the cycle, altering the sensitivity of the HPO axis
(Rasgon, Pumphrey, et al., 2003; Schnatz, 1985).

The ovarian cycle can be divided into three main phases: follicular, ovulatory, and luteal®.
The follicular phase is considered to be days 1 to 13 of a 28-day cycle and is often described as
containing shorter phases or sub-phases. More specifically, menstruation or menses consists of
menstrual bleeding, days 1 to about 5, and low levels of estrogen, progesterone, LH, and
testosterone but increasing levels of FSH. The periovulatory phase, characterized by peak levels
of estrogen, testosterone, LH, and FSH levels, is approximately days 8 to 13 (or 21 to 16 days
before the next onset of menstruation [-21 to -16]) (e.g., Garver-Apgar, Gangestad, & Thornbhill,
2008). There is a small increase in progesterone just prior to ovulation (Hampson & Young,
2008). Ovulation, the release of an ovum from the fallopian tubes, typically occurs on day 14 (-
15), after which there is a drop in reproductive hormones with the exception of progesterone.
Lastly, the luteal phase tends to be 14 days in length from days 16 to 28 (-13 to -1). Levels of
progesterone are increasingly high and reach peak levels during the mid-luteal phase (days 18 to
21 [-11 to -8]), estrogen levels are moderate with an increase in the mid-luteal phase,
testosterone may increase slightly just before the estrogen rise, and FSH and LH levels are
minimal. The premenstrual or late luteal phase can be defined as days 22 to 28 (-7 to -1), the end
of which is marked by declining levels of both estrogen and progesterone (Speroff & Fritz, 2005;

Stricker et al., 2006).

* It appears that the menstrual cycle can be divided/classified into between two and six meaningful phases, but that
ovarian changes go through three main phases (Ferin et al., 1993). There is a striking lack of consistency in
measurement across the relevant literature but most psychological studies differentiate between three or more
general phases (menstrual, periovulatory, and luteal), even if they only examine two (e.g., Haselton & Gangestad,
2006; Oinonen, Klemencic, & Mazmanian, 2008; Sveinsdoéttir & Backstrom, 2000).
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A woman is born with approximately 400,000 follicles with ova, most of which undergo
atresia over the lifespan. Folliculogenesis is the process within oogenesis whereby a follicle
matures (Speroff & Fritz, 2005). A cohort of maturing follicles is selected during each menstrual
cycle, stimulated by a rise in FSH that can occur 1 to 2 days before the start of menstruation, but
typically only the dominant one ovulates. FSH also triggers the aromatization process of
androgen to estrogen in the follicles, namely estradiol (E2) that then exerts an inhibitory effect
on FSH but stimulates LH secretion. An LH surge initiates ovulation as well as the development
of the residual follicle into the corpus luteum. Ovulation occurs 18 hours after peak LH levels or
36 hours after the beginning of the surge that lasts for about 48 hours in total. The corpus luteum
produces progesterone and some estrogen. Unless the blastocyst is fertilized, the corpus luteum
degenerates about 12 days after ovulation in a process called luteolysis. Reproductive hormones
levels drop as the corpus luteum degenerates and the cycle begins again with menstruation (Ferin
et al., 1993; Speroff & Fritz, 2005).

These ovarian and hormonal changes are coupled with four stages of uterine lining
development. In humans, approximately 75% of the upper layers of the endometrium are
sloughed off during the menstrual phase due to arterial constriction in the ischemic phase, which
corresponds to the late luteal phase (Ferin et al., 1993). The endometrium begins to thicken and
enlarge when stimulated by estrogen later in the follicular phase, the proliferative phase. The
secretory or glandular phase begins after ovulation in preparation for fertilization and
implantation of the blastocyst (i.e., pregnancy) or until the cycle restarts (Speroff & Fritz, 2005).

In research, reproductive events and hormonal changes are akin to naturally occurring
experiments. By comparing phases of the menstrual cycle within women, the relative effects of

changes in hormones on women’s functioning can be examined. In addition, fertility or
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conception probability, as modulated by the hormonal cascade of the cycle, can be estimated. It
is clear that fecundity is dependent on ovulation®. However, women are most likely to become
pregnant after intercourse in the preovulatory phase, particularly days 12 and 13 [-17 and -16] or
the day before ovulation, as it takes time for sperm to travel to and penetrate an ovum (Havez,
1979; Wilcox, Dunson, Weinberg, Trussell, & Baird, 2001). The conception probability
estimates for these two days have been found to be .084 and .086, while those of the rest of cycle
range from <.0001 to .072 (Wilcox et al., 2001).

Variability in the length and regularity of the cycle, the occurrence and timing of
ovulation, as well as hormone levels and fertility exist within- and between-women (e.g., Creinin
Keverline, & Meyn, 2004; Venners et al., 2006). Peripheral effects of hormones on physiology
such as vaginal mucus or basal body temperature, as well as hormone estimation, detection, or
assays can be used to monitor the cycle (Stanford, White, & Hatasaka, 2002). Nonetheless, the
average woman’s menstrual cycles are regular such that they tend to be 24 to 35 (M = 29.5) days
in length with a luteal phase that is consistently 13 +1 days in length (Hampson & Young, 2008;
Fehring, Schneider, & Raviele, 2006). In contrast, the length of the follicular phase is variable’.
Thus, the first day of menstruation is considered to be day 1 of the cycle counting forward, while
reverse or backwards counting (Jochle, 1973) is more accurate for estimating the timing of

phases other than the menstrual phase (see above; Hampson & Young, 2008).

> Note that women seem to spontaneously and inconspicuously ovulate in comparison to species that exhibit reflex
ovulation (i.e., in response to a sensory trigger such as mating) or unconcealed estrus (e.g., heat and sexual
swellings) (Joche, 1979).

% Menstrual cycles less than 25 days in length tend to have follicular phases that are too short, less than 12 days, to
support adequate follicular development. Thus, women with such cycles are typically anovulatory. Long cycles are
often indicative of endocrine functioning that is relatively abnormal and associated with infertility (Hampson &
Young, 2008). Also note that very short and long follicular phases may be associated with other health outcomes,
including breast cancer, and lifestyle factors, such as previous OC use and weight (Jukic, Weinberg, Baird, &
Wilcox, 2007).
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Menstruation appears to be a relatively recent phenomenon in the evolutionary timeline
of humans (Finn, 1994; 1996). There are two prominent hypotheses as to why the endometrial
cycle and menses evolved. The first suggests that cyclic bleeding is an adaptation because it
expels sperm-borne pathogens (Profet, 1993). In 1996, Strassman essentially debunked the anti-
pathogen hypothesis as a review of the literature failed to support three basic predictions that
follow from it, including that there should be more uterine pathogens before than after menses.
Alternatively, evidence was provided to suggest that the endometrial cycle may be more
physiologically efficient than continuously maintaining the uterus for pregnancy, and that
menstrual bleeding is due to a design compromise that resulted in an inability to reabsorb all
tissues. For instance, the metabolic rate of women tends to be 7% lower during the follicular
phase compared to the luteal phase, which equates to a savings of about 6 days worth of food
over four cycles (Strassman, 1996). Women’s caloric intake appears to be highest in the luteal
phase and lowest around ovulation, possibly because women “have better things to do than eat”
when fertile (Fessler, 2003, p. 4). Although it is unclear precisely why women menstruate, as
opposed to reabsorb all endometrial tissues as do most other species, it appears to be a byproduct
of phylogeny given that endometrial regression but not menstrual bleeding per se may be more
adaptive.

The average woman will menstruate less than 400 times (Speroft & Fritz, 2005;
Strassman, 1997). Anthropological research suggests that modern women experience a higher
number of menstrual cycles than did women in hunter-gatherer tribes, and possibly ancestors in
the environment of evolutionary adaptiveness (EEA)’. This difference is likely due to an earlier

age of menarche, hormonal contraceptive use, an older age at first pregnancy, a lower birthrate,

7 This refers to the ancestral time in which a trait was naturally or sexually selected (i.e., spontaneous ovulation in
this case) and therefore, the environment in which an evolved mechanism was adapted (Tooby & Cosmides, 2005).
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and subsequently less time spent in lactational amenorrhea among Western women today
(Strassman, 1999). A longer life expectancy and the evolution of menopause may also be
contributing factors (see Kuhle, 2007 for a review of evolutionary hypotheses of menopause).
However, research indicates that American women ovulate three times more frequently over a
lifetime than women in a natural-fertility population, the Dogon of Mali tribe (Strassman, 1997).
The incessant ovulation hypothesis (e.g., Eaton et al., 1994) has linked more frequent ovulation
to the higher rates of reproductive cancers in Western women due the morphological effects of
hormonal fluctuations on tissues, such as in the breast (Strassman, 1999). Although there are
probably a number of factors involved (e.g., diet and environmental toxins), proponents of
Darwinian medicine argue that a mismatch between the human genome, as selected in the EEA,
and rapid cultural evolution has had a significant impact on physical and mental health.
Moreover, some health “problems” may have adaptive origins (Eaton et al., 2002; Moalem,
2007; Nesse & Williams, 1994), such as the body’s defenses of coughing and morning sickness
in pregnancy (e.g., Flaxman & Sherman, 2000). Changes across the menstrual cycle, including
PMS, may also be adaptations (or byproducts of other adaptations). Thus, HC use adds a level of
complexity given that it alters the endogenous reproductive system through exogenous hormonal
exposure.

Hormonal contraception. There are over 35 different preparations or brands of HCs
available to women in Canada (Health Canada, 2011). Combined HCs consist of a synthetic
estrogen, typically ethinyl estradiol, and one of numerous exogenous progestogens (i.e.,
progestins). Doses have been relatively low since 1985 and are probably at a minimum for
effectiveness. HCs alter the HPO axis such that the production of endogenous reproductive

hormones is suppressed (Speroff & Darney, 2010) and cyclic variability is often nullified
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(Fleischman, Navarrete, & Fessler, 2010). Indeed, combined HC users tend to have lower levels
of endogenous estrogen, progesterone, and testosterone than nonusers (e.g., Liening, Stanton,
Saini, & Schultheiss, 2010), which may persist after discontinuation according to Fleishman et
al. (2010). As a result, HCs usually inhibit ovulation, disrupt ovum transfer, alter the consistency
of cervical mucus such that sperm penetration in hindered, and affect the functional activity of
the fallopian tubes and uterus® (Speroff & Fritz, 2005). The efficacy of HCs in preventing
pregnancy tends to be 99.7% to 99.9%, while their effectiveness ranges from 92% to 99.7% due
to misuse (Speroff & Darney, 2010). (For detailed historical accounts of contraception for
women, Jiitte [2008)] and Marks [2001] are recommended.)

There are five main types of HCs. Oral contraceptives (OCs) are the most commonly
used HCs in North American (Speroff & Fritz, 2005). Monophasic OCs consist of constant
amounts of hormones, whereas triphasic OCs were designed to mimic hormonal changes across a
28-day menstrual cycle (Kahn & Halbreich, 2001). Most OCs combine estrogen and
progesterone (i.e., combined OCs), but progestin-only “mini” pills are also on the market, and
are to be taken for three weeks followed by one HC-free week in which withdrawal bleeding
occurs. Transdermal patches and vaginal rings are combined HCs and need to be replaced every
week or 3 weeks, respectively. Complicating matters further, combined HCs are now also
packaged for extended cycle or continuous use (e.g., Seasonale), whereby women induce
withdrawal bleeding at intervals of their choosing or experience amenorrhea. Finally, injections
and hormonal intrauterine devices (IUDs) are progestin-only methods that last up to 3 months or

5 years, respectively, and are continuous HCs (Fisher & Black, 2007). Continuous methods may

¥ Not all HCs exert each of these contraceptive effects. More specifically, progestin-only contraceptives do not
necessarily inhibit ovulation.
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involve unpredictable break-through bleeding in some women, often early in use and due to
effects of progestins on the endometrium (Speroff & Darney, 2010).

HCs appear to have various non-contraceptive side effects that can be both negative and
positive. For instance, their use is associated with cardiovascular risks but reduced rates of
endometrial and ovarian, but not cervical or breast, cancers (Speroff & Fritz, 2005). Although the
effects of HCs on women’s long-term health are largely unknown, it has been argued that HCs
are promising candidates in the management of menstrual cycle and gynecological disorders
such as PMS, endometriosis, and polycystic ovary syndrome (Speroff & Darney, 2010). Based
on the incessant ovulation hypothesis, continuous HC use and more so the use of GnRH analogs
may be safer for women than HC induced menstrual cyclicity (Strassman, 1999), particularly
since HPO activity may resume in the pill-free week (van Heusden & Fauser, 1999). Coutinho
and Segal (1991) suggested that HC use without withdrawal bleeding is healthier for women than
either artificial or natural cycling (see also Thomas & Ellertson, 2000). If this is the case, the
incessant ovulation hypothesis should perhaps be one of menstruation or cyclicity rather than
ovulation per se, given that most of the research conducted to date has been on HC induced 28-
day anovulatory cycles. Unfortunately, although HC formulations have various estrogenic,
progestogenic, and androgenic effects, there is little research on the direct effects of the
numerous exogenous hormones used in HCs as their levels are difficult to measure with available
assays (Dickey, 2011).

Other reproductive events. Women have the potential to experience numerous
reproductive events across the lifespan, from menarche to menopause. In addition to the
menstrual cycle and HC use, many other events involve precipitous hormonal changes: puberty;

abortion; miscarriage; pregnancy; the postpartum period; perimenopause; hormone replacement
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therapy (HRT); and even in vitro fertilization procedures (Bloch et al., 2011). The hormonal
changes involved in the other more common major lifetime reproductive events are outlined
below for the purpose of comparison: puberty and menarche, pregnancy and postpartum, as well
as perimenopause. As will become clear, symptoms or experiences during past reproductive
events have been used as models or predictors of responses to current or succeeding reproductive
experiences (e.g., Stone, 2011).

Among girls, puberty or sexual development usually begins with adrenarche, an increase
in the production of adrenal androgens. An increase in gonadotropin secretion during sleep
begins to occur approximately two years later, when aged 9 to 10 years. Maturation of ovarian
follicles is stimulated by FSH, which leads to follicular development and the production of
estrogen or gonadarche (Speroff & Fritz, 2005). Menarche marks the beginning of menstrual
cyclicity and occurs around 12.5 years, an age that had been decreasing over time but appears
stable now (Kaminski & Palmert, 2009). Cycles are normally irregular and anovulatory, and
steroidal levels are relatively low, in the first five gynecologic years (Speroff & Fritz, 2005).

Pregnancy results in the development of the fetal-placental-maternal axis and the
secretion of human chorionic gonadotropin (hCG). This hormone stimulates the corpus luteum to
secrete increasing amounts of estrogen and progesterone until about the 10" week of gestation, at
which time the placenta is able to do so until parturition (Hendrick, Altshuler, & Suri, 1998).
Estriol (E2) becomes the dominant estrogen, and testosterone levels are relatively high. Levels of
hCG are lower in the second half of pregnancy (Speroff & Fritz, 2005). By the end of the third
trimester of gestation, circulating estradiol has increased 50-fold, and circulating progesterone
has increased 10-fold, from the maximum level across the menstrual cycle. Following delivery,

induced by prostaglandins, these levels decrease to early follicular phase levels within one to
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seven days (Bloch, Daly, & Rubinow, 2003). It takes about six to eight weeks for gonadotropin
activity to resume and so the postpartum period is often characterized by hypogonadism and
amenorrhea. Lactation can prolong these effects (Rubinow, Schmidt, Meltzer-Brody, & Harsh,
2009).

The perimenopausal transition begins about five years before menopause or climacteric,
the cessation of the menstrual cycle, which has a typical age at onset of 46 to 51 years (Hampson
& Young, 2008; Rubinow et al., 2009). One of the only objective markers of perimenopause is
that menstrual cycles become unpredictable, and eventually anovulatory, due to atresia of ova
across the lifespan and a lack of response to FSH by the remaining follicles. While cycle length
and estrogen secretion may initially be long and elevated, respectively, gonadal hormone levels
decrease substantially over time as the follicular phase shortens. There is also a switch to estrone
(E3) as the dominant estrogen. In contrast, pituitary gonadotropin levels, particular FSH, are high
throughout the transition and after menopause. Menopause can be surgically induced by the
removal or ablation of both ovaries (Speroff & Fritz, 2005). Also, testosterone levels decrease
across the lifespan, are relatively low by perimenopause, and decrease drastically with surgical
menopause (North American Menopause Society, 2006).

In summary, puberty (the beginning of the gynecologic years) and the perimenopausal
period (the end of the reproductive lifespan) are characterized by an increase in estrogen
secretion as well as irregular menstrual cyclicity, and therefore, relatively low fertility.
Pregnancy and parturition are associated with a lack of hormonal cyclicity. However, the former
event involves very high levels of estrogen and progesterone, while the latter event involves

hypogonadism. After climacteric, hormone levels are relatively low and stable.
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Overall, it is clear that change (i.e., a decrease or increase) in reproductive hormone
levels occurs with each reproductive event. It is also important to note that major social,
personal, and lifestyle changes can be associated with each of these events as well (Speroff &
Fritz, 2005). Thus, it is perhaps not coincidental that all reproductive events tend to involve some
degree of physical and psychological symptoms. Furthermore, some women seem to experience
specific symptoms at each event and may be more sensitive to certain types of hormone-related
symptoms than other women (Steiner et al., 2003). These findings suggest that women may not
reach each reproductive event, including menstrual cycles, with the same risk for symptoms as at
past events. Risk may accumulate with the experience of hormonal changes or adverse events at
each reproductive event, beginning with hormonal exposure in utero as suggested by digit ratio
research (Manning, 2008; Oinonen, 2009; Oinonen & Bird, 2012; Stone, 2011). Given the
precipitous hormonal changes at each reproductive event and that only a proportion of women
experience related symptoms, such reproductive experiences may involve (hyper)sensitivity to
normal physiological processes. While the symptoms or side effects associated with the
menstrual cycle and HC use will be reviewed in depth below, those of the other main
reproductive events across the cycle will be discussed in relation to the hormonal sensitivity
hypothesis.

Symptoms and Side Effects

Symptoms or side effects associated with specific phases of the menstrual cycle or HC

use are diverse. Over 200 adverse symptoms have been found to be associated with the cycle,

particularly the premenstrual phase’ (Dennerstein, Spencer-Gardner, & Burrows, 1984;

? Given limitations of some retrospective studies of PMS (see Longue & Moos, 1988; Rubinow et al., 1986), an
attempt was made to review prospective studies wherein the menstrual cycle may or may not have been recognized
as part of the study by participants. However, PMS has been demonstrated among women who were unaware of the
study purposes (e.g., Gallant, Popiel, Hoffman, Chakraborty, & Hamilton, 1992).
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Halbreich, 1997; Halbreich, Endicott, Schacht, & Nee, 1982). Moreover, mood, anxiety,
somatoform, substance use, and personality disorders as well as numerous physical conditions
have been found to worsen near the end of the cycle in some women (Dell, 2004). This
phenomenon is referred to as premenstrual exacerbation. Psychiatric admissions, suicide
attempts, and psychotic symptoms may increase during the late luteal phase as well (Choi, Kang,
& Joe, 2001; Dogra et al., 2007; Targum, Caputo, & Ball, 1991). The concurrent diagnosis of
PMS or PMDD and a major psychiatric or medical disorder has been termed premenstrual
magnification (Endicott, 1993; Steiner et al., 2003), which may represent a subtype of affective
disorder (Endicott, Halbreich, Schacht, & Nee, 1981). In addition to being relatively common
among Western women, PMS is found worldwide (see Reiber, 2009 for a brief review).

One concern in the existing literature is the substantial variability across studies in what
days constitute the premenstrual phase. While some researchers have suggested that PMS
symptoms peak on day 26, or are highest during the last 3 days, of a standardized 28-day cycle
(e.g., Metcalf et al., 1990), a paper by the International Society for Premenstrual Disorders
(ISPMD) stated that symptoms occur during all or part of a two-week premenstrual phase
(O’Brien et al., 2011). Defined in this way, the premenstrual phase and the luteal phase (which is
typically 14 days in length after ovulation) can be interchangeable terms. For simplicity and
consistency with past research, premenstrual phase will be used in the present dissertation in
reference to the luteal phase (i.e., days 19 to 28).

Physical changes. Breast swelling and tenderness, abdominal cramps, water retention,
nausea, and headaches are the most often cited physical symptoms of the premenstrual phase
(American College of Obstetricians and Gynecologists, 2000; Speroff & Fritz, 2005). The DSM

includes muscle or joint pain and weight gain as other physical symptoms of PMDD (APA,
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2000; 2013), and gastrointestinal problems (Kiesner, 2009) as well as vasomotor symptoms
(Speroff & Fritz, 2005) may occur. The physical side effects of HCs typically include symptoms
similar to those of PMS. However, HC side effects can also include irregular spotting and rare
but potentially lethal (e.g., increased risk of venous thrombosis) or long-term effects (e.g., bone
density loss during use) (Speroff & Darney, 2010). Both the premenstrual phase and HC use
have been associated with insufficient vaginal lubrication as well as negative changes in
complexion in some woman (Speroff & Fritz, 2005; Cerel-Suhl & Yeager, 1999; Farage, Neill,
& MacLean, 2009). On the other hand, the periovulatory phase and some HCs have been
associated with increased sexual behavior and improved facial complexion (Bullivant et al.,
2004; Wheeler & Malinak, 1991).

It is interesting that some of the physical symptoms or side effects associated with the
menstrual cycle or HC use seem to relate to sexual functioning and appearance. These changes
may affect women psychologically and be related to changes in sexuality and person perception
that have also been demonstrated (see section on Hormones and Sociosexuality below). Thus, it
seems possible that there are patterns of, or associations between, hormone-related changes in
physical, affective, and sexual well-being.

Physical symptoms and side effects associated with reproductive events are beginning to
be used as indicators of steroidal sensitivity in various tissues and as related to psychological
changes (e.g., Bird & Oinonen, 2011). Physical symptoms may predict psychological
vulnerabilities to hormonal changes (Kiesner, 2009; Kiesner & Pastore, 2010). However, it is
important to note that menstrual cycle and HC-related affect changes also appear to be somewhat

independent of somatic symptoms and so are unlikely to be merely indirect effects (Kiesner,
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2009; Metcalf, Livesey, Wells, & Braiden, 1990; Oinonen & Mazmanian, 2001a). That is, there
is evidence to suggest that hormonal changes may have direct effects on affect and mood.

Psychological changes. Some studies suggest that highs and lows of psychological
symptoms are random or null across the menstrual cycle, but well-controlled longitudinal studies
and literature reviews have revealed otherwise (Halbreich, 1995). Emotional symptoms of PMS-
like change include irritability, depressed mood, tension, and nervousness, with prevalence rates
ranging from 27 to 46% in a community sample of women (Angst, Sellaro, Stolar, Merikangas,
& Endicott, 2001). Mood lability, anxiety, feeling overwhelmed or as though one has lost
control, and restlessness (Dell, 2004), interpersonal sensitivity, somatization, obsessive-
compulsive symptoms (Gonda et al., 2008), as well as feelings of insecurity and low self-esteem
(Bloch, Schmidt, & Rubinow, 1997) may also increase in the premenstrual phase. Low sexual
drive or arousal has been found to be a symptom of PMS as well (Dickerson, Mazyck, & Hunter,
2003; Steiner et al., 2005)'°. Behavioural and cognitive changes tend to include impulsivity,
aggression, crying, social withdrawal, fatigue, impaired concentration, sleep disturbance, food
cravings, and decreased sexual activity (Dickerson et al., 2003).

HCs are often associated with PMS-like emotional and sexual side effects overall (i.e.,
regardless of phase) as well as across the pseudo-cycle of synthetic hormones and withdrawal
bleeding (Oinonen, 2009). Decreased sexual desire, arousal, and activity are relatively common
side effects of OC use (see Davis & Castafio, 2004, and Schaftir, 2006 for reviews; Tilhonen et
al., 2008), as shown in research comparing users and nonusers (e.g., Wallwiener et al., 2010) as
well as prospective (pre-post) studies (Graham, Bancroft, Doll, Greco, & Tanner, 2007; Graham,

Ramos, Bancroft, Maglaya, & Farley, 1995; Sanders et al., 2001; Seal, Brotto, & Gorzalka,

' Women seeking treatment for PMS have also been found to have a relatively high rate (40%) of lifetime
psychosexual dysfunction (e.g., inhibited sexual desire or excitement) (Chandraiah, Levenson, & Collins, 1991).
However, there is at least one published case report of premenstrual hypersexuality (Riley, 1994).
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2005). Although this effect seems to be related to the reduction in testosterone, it is only apparent
in about 33% of users (Graham et al., 2007). Interestingly, Graham et al. (1995) found that
women using progestin-only OCs did not show the decline in sexual functioning that was found
in combined OC users.

In a systematic review, Oinonen and Mazmanian (2002) reported that all but one of 13
prospective studies with daily ratings of affect found differences between OC-users and non-
users. However, results were largely inconsistent between the studies. The only reliable findings
were that most OC users show less negative affect variability overall and less negative affect in
the menstrual phase (i.e., beneficial effects), but that a subgroup of women experience adverse
effects (see Kahn & Halbreich, 2001 and Kiesner, 2011 for similar conclusions).

At least eight relevant studies have been conducted since Oinonen and Mazmanian’s
(2002) review. According to Teatero, Oinonen, and Mazmanian (2015), five of these studies did
not find differences in average levels of negative affect between the two groups. One study found
that HC users reported more negative affect than nonusers, while another found that stable (i.e.,
long-time) OC users had lower negative affect scores than other OC users, progestin-only
injection users, and nonusers. Two other, somewhat consistent findings were revealed. First,
established (i.e., long-time) combined OC users appear to experience affect stability, which is in
line with the survivor effect where early HC users who experience side effects will discontinue
use or switch preparations, leaving a group without adverse effects (Oinonen & Mazmanian,
2002). Second, a subgroup of women seem to experience negative OC-related side effects on
affect, which seems particularly true for women using progestin-only HCs. That is, there appear
to be two patterns or types of HC side effects: those that are negatively valenced and those that

are positively valenced (Teatero et al., 2015). Unfortunately, research on the emotional and
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sexual side effects of HCs, and specific preparations, other than combined OCs is wanting
(Kurshan & Epperson, 2006). Given that about 20% of unintended pregnancies are associated
with discontinuation of HC use due to side effects (Kalmuss et al., 2008), it is important that
research on HCs and HC side effects continues to advance.
Alternative Cyclic Patterns

According to Moos (1991), profiles of symptoms across the menstrual cycle allow for the
examination of cyclic differences between and within women. The vast diversity of symptoms as
well as clusters of symptoms has lead to the conclusion that there may be different patterns or
types of menstrual cycle syndromes (Halbreich, 1995; Halbreich et al., 1982). Early on, Abraham
and Reid each described four types of PMS differentiated by the duration of negative symptoms
throughout the menstrual cycle (Abraham, 1980; Abraham, 1983; Abraham & Hargrove, 1980;
Abraham & Lubran, 1981; Reid, 1983; Reid, 1985). For example, symptoms may persist into, or
worsen in, the first few days of the menstrual phase (APA, 2013; see review in Romans,
Clarkson, Einstein, Petrovic, & Stewart, 2012), which has prompted some authors to use the term
perimenstrual syndrome (e.g., Angst et al., 2001). Moreover, in some women, menstruation is
characterized by menorrhagia, dysmenorrhea, and coagulation (Speroff & Fritz, 2005), which are
probably related to an increase in prostaglandins in the uterus (Halbreich, 1995). That is, in
addition to PMS and PMMD, there may be other, perhaps more atypical, presentations of
menstrual cycle-related problems (Bancroft, 1995). According to the APA (2000; cf., 2013),
some women with PMDD also experience adverse symptoms during the periovulatory phase.
Thus, a subset of women may have dysphoria that occurs in more than one menstrual cycle

phase''. Overall, these findings indicate that there are individual differences in symptom patterns

' Also note that there is at least one case report of dysphoric symptoms entrained to the ovulatory phase (Hsiao &
Lui, 2007; see Teatero et al., 2013).
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across the cycle and thus, various phases of the menstrual cycle may be important in assessing
psychological entrainments'?.

Reverse premenstrual syndrome. In 1982, Parlee identified what was later referred to
as a reverse PMS-like pattern (Sveinsdottir & Backstrom, 2000) among seven women. Depressed
mood, fatigue, confusion, and hostility were lower in the premenstrual phase than the
periovulatory phase. This alternative or atypical cyclic effect has also been labeled as pseudo-
PMS (Reiber, 2009) and a mid-cycle pattern (Kiesner, 2011). For simplicity, and to be consistent
with research on PMS, the label periovulatory syndrome (POS) will be used in the present
dissertation. In a review of studies with daily ratings of mood across the menstrual cycle,
Romans et al. (2011) determined that 18 of 47 identified studies (38%) did not find evidence of
an overall affect of the cycle on negative affect. The same proportion of studies found an
association between negative affect and the premenstrual phase as well as another phase of the
cycle, the menstrual phase and a non-perimenstrual phase in 25 and 13% of studies respectively.
A PMS only pattern was reported by 15%, while a “non-premenstral” (i.e., menstrual,
postmenstrual, or perivoluatory) phase only pattern was reported by 9%, of studies.

Consistent with the research reviewed, Romans et al. (2012) tended to summarize results
in terms of premenstrual versus menstrual or non-premenstrual and thus, did not delineate what
studies may have found a POS pattern. Thus, several findings from the individual studies warrant
mention. Data from Hardie (1997) suggests 18% of women who self-identified with PMS
exhibited a POS pattern (i.e., adverse symptoms in the periovulatory phase) across at least one of
two cycles, while only 19% of women showed PMS-like change. Another study found a

premenstrual decrease from the follicular (preovulatory) phase in negative affect in 22%, a

"2 The majority of studies on changes across the cycle have focused on non-HC users and so, from this section
forward it should be assumed that the results discussed are based on free-cycling women, unless stated otherwise.
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premenstrual increase in 53%, and no change in 24% of women (Ross, Coleman, & Stojanovska,
2003). Overall, some women, including some of those reporting PMS, may actually be
experiencing POS and research should consider this possibility. Given the differences in findings
between studies, Romans and colleagues (2012) concluded that PMS does not seem to exist in
the general population. However, five studies not included in the review by Romans et al.,
discussed below, also provide evidence of different menstrual cycle patterns in negative affect,
namely PMS and POS.

First, one study prospectively evaluated 57 symptoms, including negative affect, in seven
women seeking treatment for PMS, resulting in 246 symptoms that changed from the
preovulatory (mid-follicular) to the premenstrual phase. Overall, there was enormous variability
with 80% of such cases increasing and 20% decreasing (Sveinsdottir & Reame, 1991). Second,
Schnall Abrahamson, and Laird (2002; Study 1) found that 29% (n = 4) of women demonstrated
a PMS pattern, 29% higher negative affect in a non-premenstrual phase, and 43% no change.
Third, Reiber (2009) reported that the symptom scores of 21% women improved, while those of
79% worsened, from the preovulatory to luteal phase. Fourth, using longitudinal multilevel
modeling (MLM), Kiesner and Pastore (2010) reported that 46% of variance in psychological
symptoms across cycle phases was explained by a U-shaped pattern from menstrual to luteal but
that correlations with physical symptoms varied in strength and direction (i.e., there was also
significant individual variability in PMS symptoms, and associations between various PMS
symptoms, across the cycle).

Most recently, Kiesner (2011) demonstrated that the majority of first-year female
university students sampled showed a PMS pattern of change in depression/anxiety across two

consecutive menstrual cycles (n = 130 of 213; 61%) but also that 13% showed the “paradoxical”
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mid-cycle, POS pattern. Only 26% of women did not display significant cyclical change in daily
self-ratings of symptoms. On the basis that the women who did not show a significant change
had a higher mean depression/anxiety score than the women with the strongest PMS pattern, it
was suggested that the latter group may experience more positive affect or well-being,
particularly around ovulation. In other words, changes in negative versus positive affect across
the cycle may be opposing, compensatory processes. A strength of the study was the examination
of individual (random) longitudinal growth curve effects using MLM. However, the absence of
negative symptoms is not necessarily the same as the presence of positive affect. Furthermore,
Kiesner employed single items instead of scale measures with adequate psychometric properties.

It is clear that there is between-study variability in findings regarding the effects of the
menstrual cycle on negative affect. Between-study variability in findings may be due to (a)
chance if there are no true effects of the cycle or (b) differences between, and perhaps even
within, women in experiences across the menstrual cycle over time. On the basis of the studies
reviewed above in relation to the possibility of a POS pattern of a peak of negative symptoms
around ovulation, the latter possibility seems to better represent women’s self-reports of lived
experiences regardless of underlying causes (e.g., genetics, hormonal changes, and sociocultural
expectations) (Speroff & Fritz, 2005; King & Ussher, 2012).
Positively Valenced Symptoms"

Although changes in positive affect across the menstrual cycle were recognized as early

as 1937 (McCance, Luff, & Widdowson), it is clear that biases towards examining negative

' This section has been developed into a separate manuscript by Teatero, Oinonen, Mazmanian, & Streutker (2015)
on patterns of positive affect across the menstrual cycle. Some of the studies reviewed here were subsequently not
included in Teatero et al. (2015) because they involved samples of women diagnosed with bipolar disorder and were
instead included in a published systematic review of research on the effects of the menstrual cycle on bipolar
disorder by Teatero, Mazmanian, and Sharma (2014). Nonetheless, the conclusions are similar, if not the same,
across all three papers.
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symptoms and the premenstrual period have pervaded the literature (Meaden et al., 2005;
Romans et al., 2012). In the present review, positive symptoms are defined as phasic changes
that are positively valenced, such as positive affect or sexual well-being, as opposed to a lack of
negative symptoms (Sveinsdottir & Backstrom, 2000). Early reviews suggested that positive
affect (e.g., feelings of vigour, elation, or well-being) is: (a) highest in the follicular phase or
mid-cycle (Dennerstein & Burrows, 1979), (b) reported in the premenstrual phase by women
who complain of PMS (Abplanalp, Haskett, & Rose, 1980), and (c) perimenstrually elevated
among 5 to 15% of women (Logue & Moos, 1988). However, only one of the reviews focused
on prospective studies and was not based on women with PMS (n = 24 studies; Dennerstein &
Burrows, 1979).

Parlee (1982) provided evidence suggesting that some woman may experience what was
referred to as premenstrual elation syndrome. In 1984, Abraham called for the study of positive
symptoms in the periovulatory phase, facetiously using the phrase postmenstrual syndrome. It
was argued that previous research may have been somewhat misguided and that the portion of
the menstrual cycle between menses and the premenstruum may be characterized by positive
mood and enhanced mating effort. That is, positive affect may be associated with sexual
proceptivity. In order to evaluate whether Abraham’s suggestion (i.e., that positive symptoms
warrant consideration) has had an impact on subsequent research, a systematic review of the
literature on positive mood or affect across the menstrual cycle published since the last identified
review (Logue & Moos, 1988) was conducted and is summarized below.

Thirty-one separate prospective studies of positive affect across the menstrual cycle were
identified. Twenty-three of these studies involved daily self-ratings while the others included a

testing session in each of at least two phases. Six studies did not include a periovulatory phase
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(e.g., Davydov, Shapiro, & Goldstein, 2004; Hausman, 2005; Symonds, Gallagher, Thompson,
& Young, 2004). Overall, nine studies (29%) did not find significant differences in mean levels
of positive affect between phases (i.e., Abraham, Luscombe, & Soo, 2003; Almagor & Ben-
Porath, 1991; Hausman, 2005; Mansfield, Hood, & Henderson, 1989; Meuwissen & Over, 1992,
studies 1 and 2; Natale & Albertazzi, 2006; Oinonen & Mazmanian, 2001a; Shivakumar,
Bernstein, & Suppes, 2008), while the remaining 23 studies (74%) found one of at least two
different patterns of cyclical change.

For instance, one study suggested that a subgroup of women with PMDD may also
experience positive symptoms in the premenstrual phase. In a sample of 180 participants, Rivera-
Tovar, Pilkonis, and Frank (1992) identified a cluster of women (n = 10; 6%) with increased
positive affect (i.e., efficiency, affection, and wellbeing), typically accompanied by physical
symptoms like pain, bloating, and headache, during the premenstrual phase across two to three
consecutive cycles. A large group (52%) experienced mean levels of adverse affective, physical
and agitation as well as positive symptoms. This study suggests that positive affective changes
may occur in the premenstrual phase among some women.

In contrast, 13 studies (42%) reported an overall peak in positive affect outside of the
perimenstrual period (e.g., Aganoff & Boyle, 1994; Alonso, Loevinger, Muller, & Coe, 2004;
Brown, Morrison, Larkspur, Marsh, & Nicolaisen, 2009; Boyle & Grant, 1992; Gallant,
Hamilton, Popiel, Morokoff, & Chakraborty, 1991; Gallant et al., 1992; Graham, Janssen, &
Sanders, 2000; Symunds et al., 2004). For example, although the sample size was only 12,
O’Reilly, Cunningham, Lawlor, Walsh, and Rowan (2004) found that women reported being
more composed and energetic on day 14 of the cycle (i.e., around ovulation) than during menses.

Lopez, Verdejo, Javier, Martin, and Gémez-Amor (2010) found that anovulation did not have an
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effect on PMS symptoms (i.e., physical symptoms occurred regardless) but that only ovulatory
cycles showed a peak in positive affect in the periovulatory phase. Among eight women with
premenstrual dysphoria in another study (Eriksson et al., 2006), higher friendliness was reported
8 to 10 days after the onset of menstruation than in the premenstrual phase. Non-significant
trends in the same direction were reported for happiness and energy. Positive affect was also
positively related to serotonin precursor trapping in the brain.

Moreover, according to Metcalf and Livesey’s (1995) findings, women with PMS
exhibited a peak in mood on day 11 but a control group did not. Similarly, a unique study by
Meaden et al. (2005) used 12 positively worded PMDD items, such as “felt optimistic,” “liked
myself,” and “increased sex drive.” Ratings on these items, from “not at all” to “very severe”
were reverse coded to be in line with the 38 negatively valenced items also used. Most

99 ¢

negatively valenced symptoms (e.g., “felt hopeless,” “mood swings,” “low sex drive,” and
“physical symptoms”) were significantly higher than average in the days leading up to
menstruation, peaked on day 0 of the cycle (i.e., the first day of bleeding), and were lowest on
day 11. With the exception of increased sex drive, all positively valenced symptoms were rated
higher (i.e., more negatively due to reverse scoring) overall within each phase and across the
cycle than negatively valenced symptoms, and they also displayed more between-subject
variance in scores. The results of this study suggest that positively valenced symptoms tend to
cycle with negatively valences symptoms but in the opposite direction (i.e., they may negatively
co-vary across the cycle). It appears that, in general, positive affect may be highest around

ovulation. Overall, the 13 studies reviewed above suggest that positive affect may tend to peak in

the periovulatory phase, when women happen to be the most fertile.
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Eight additional studies (26%) found phase effects but at least two patterns of change
(e.g., Schnall et al., 2002). Among women who self-identified with PMS, Sveinsdéttir and
Reame (1991) determined that 45% of symptom decreases between days 4 to 12 of the follicular
phase and the luteal phase were for positive symptoms. Ratings of bursts of energy, wellbeing,
being in control, increased activity, and increased sexual desire seemed to decrease in severity
across the cycle but there was considerable variability in symptom patterns. Likewise, in a
community sample of women, positive symptoms tended to show a PMS pattern, whereby
wellbeing was higher in the follicular phase, but also increased in the luteal phase in some cases
(Sveinsdottir & Backstrom, 2000).

Although Davydov et al. (2004) did not find an overall effect of phase on mean ratings of
happiness, significant interactions with day (work-day vs. off-work day), personality, and
arousal-related hormones were identified using MLM. Women who scored low on a measure of
hostility were happier in the luteal phase (i.e., 5 to 10 days after the surge in LH) compared to the
follicular phase (i.e., days 4 to 8 after the onset of the menstrual phase), but only on workdays.
The opposite effect was observed among those high on hostility. In further analyses of data from
the same sample, Davydov, Shapiro, Goldstein, and Chicz-DeMet (2005) found that happiness
was highest in the luteal phase in women with high nighttime norepinephrine on non-work days,
women with low daytime cortisol on work days, and women with high nighttime cortisol
independent of day. In contrast, happiness was highest in the follicular phase for women in the
opposite hormone groups, except for low nighttime cortisol. Among women with low daytime
levels of norepinephrine and cortisol, happiness was elevated in the luteal phase (Davydov,
Shapiro, Goldstein, & Chicz-DeMet, 2007). The authors suggested that menstrual cycle phase,

namely changes in the level of estrogen, moderates emotional arousability depending on
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individual differences and environmental conditions. That is, cyclic shifts may vary between and
within women because they are context-contingent.

Four studies that found two patterns of change included only participants with bipolar
disorder'®. Significant phase effects (first seven days of cycle versus last seven days) were
reported by 32 to 65% of women but there were no apparent patterns such that there was little
consistency within women across more than one cycle (Rasgon, Bauer, Glenn, Elman, &
Whybrow, 2003; Rasgon, Bauer, et al., 2005; Whybrow, Grof, Gyulai, Rasgon, Glenn, & Bauer,
2003; Leibenluft, Ashman, Feldman-Naim, & Yonkers, 1999). Group analyses in Rasgon et al.
(2003) revealed that women’s moods were more euthymic during the premenstrual phase.

Only one study used a measure of variance in daily ratings to examine changes in
positive affect variability across the cycle. Oinonen and Mazmanian (2001a) found that positive,
but not negative, affect variability was lower in the menstrual phase than the rest of the cycle.
This finding suggests that positive affect was relatively more stable in the menstrual phase.
Overall, it is clear that more research on possible patterns of positive affective experiences across
the menstrual cycle is warranted.

Hormonal contraceptive status. Nine of the studies reviewed on positive affect across
the menstrual cycle also examined differences between and cyclic effects within nonusers and
OC users. In one study, HC users had higher levels of positive affect overall and in most phases
of the menstrual cycle compared to nonusers (Almagor & Ben Porath, 1991). Conversely, five
studies did not find a mean difference between the two groups across the menstrual cycle
(Abraham et al., 2003; Boyle & Grant, 1992; Meuwissen & Over, 1992, Study 2; Natale &

Albertazzi, 2006; Oinonen & Mazmanian, 2001a). Abraham et al. (2003) reported that

" It is of interest to note that there are 15 case reports of manic symptoms entrained to the perimenstrual phases as
well as two other reports of onset in the periovulatory phase (see Teatero et al., 2013 for a review).
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cheerfulness and happiness changed across the cycle among OC users but not nonusers;
unfortunately, follow-up analyses as well as mean differences do not appear to have been
reported. Brown et al. (2009) found that happiness was highest in the ovulatory phase for
nonusers but highest in the follicular phase for combined HC users, and that progestin-only
contraception disrupted typical relationships between sleep, exercise, and wellbeing. Sveinsdottir
and Biackstrom (2000) reported that the two groups did not differ in symptom severity but that
nonusers reported recurrent change (i.e., across more than one cycle) in more symptoms. In
another study, OC users with bipolar disorder were not found to exhibit a phase effect in positive
affect, while non-users did show such an effect (Rasgon, Bauer, et al., 2003). However, in a
community sample of women, neither OC users nor nonusers exhibited cyclic changes in
positive affect (Boyle & Grant, 1992; Meuwissen & Over, 1992, Study 2; Natale & Albertazzi,
2006). Lastly, triphasic users and first-time monophasic users had greater positive affect
variability than monophasic users overall, and than long-time users in the menstrual phase
(Oinonen & Mazmanian, 2001a). These results suggest that there is substantial variability in the
experience of positive affect change across the pseudo-menstrual cycle in HC users and that
research has not uncovered one consistent pattern.

Three additional studies warrant mention with respect to OC use and positive affect.
Jarva and Oinonen (2007) found evidence of positive, but not negative, affect stabilization in OC
users compared to nonusers and men. OC users displayed the least positive affect reactivity in
overall response to the induction of positive affect, jealousy, social ostracism, and parenting
feelings. Moreover, current OC users and early OC users showed more positive affect
stabilization than previous users and long-time users, respectively. There were no effects of OC

type or menstrual cycle phase. Among adolescents, Ott, Sayegh, Shew, and Fortenberry (2005)
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found that OC users reported less positive affect than nonusers but Ott, Shew, Ofner, Tu, and
Fortenberry (2008) found that stable OC users experienced more positive affect overall. In a
longitudinal study of new OC users, positive affect variability was found to be relatively high in
the weeks before they began using OCs. In contrast, positive affect variability was greater in the
weeks during which discontinued OC users were still using OCs (Ott et al., 2008). These results
are in line with the research on positive affect across the menstrual cycle such that there appear
to be individual differences in the affective side effects of OC use.

Overall, the research reviewed thus far indicates that there is little evidence for the
existence of only one menstrual cycle phase pattern for either negative or positive affect. It
appears that there is substantial heterogeneity such that some free-cycling women experience no
change, others a peak in positive or negative affect around ovulation, and still others a peak in
positive or negative affect in the perimenstrual period. That is, there may be two phasic shifts in
both negative and positive affect among subgroups of women. According to Pincus, Schmidt,
Palladino, and Rubinow (2008), postmenstrual euphoric mood may be compensatory to negative
affect in the premenstrual phase (like a rebound effect or opponent process). Unfortunately, little
1s known about what factors might differentiate women who experience different patterns in
negative and positive affect (Davydov et al., 2004). These or similar patterns may also be seen
among HC users given research on overall mean differences and cyclic changes in negative and
positive affect between HC users and free-cyclers (e.g., Brown et al., 2009; Oinonen &
Mazmanian, 2001a). However, very little research has examined why there may be different
affect change patterns related to hormonal change.

There are methodological issues to consider as well. First, few of the studies on affect

change across the cycle controlled for possible response biases or sets. Almost all of them
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employed inclusion criteria for health and “normal” menstrual cycle characteristics, which may
inadvertently exclude a disproportionate number of women who show relatively atypical affect
change patterns. A wide variety of phase definitions and estimation procedures were employed.
Also, at least seven studies on positive affect averaged women’s ratings across multiple cycles
(e.g., Mansfield et al., 1989; Metcalf & Livesey, 1995), reducing the probability of finding an
effect if there is within-woman variability. Furthermore, some studies used bipolar visual
analogue scales (e.g., Rasgon et al., 2005; Whybrow et al., 2003) despite recommendations that
negative and positive affect should be measured independently (i.e., Meaden et al., 2005;
Oinonen & Mazmanian, 2002; Watson, Clark, & Tellegen, 1988). It remains a possibility,
however, that the conflicting results reflect a negative effect if positive affect does not truly shift
across the menstrual cycle.

A final point of interest is that there do not appear to be many studies that have explored
the possibility that some positive somatic symptoms may increase at a specific cycle phase.
Exceptions seem to include skin complexion and physiological sexual arousal, both of which
may be enhanced in the periovulatory phase (Graham et al., 2000; Farage et al., 2009; cf.
Meuwissen & Over, 1992) and the former with combined OC use in women with acne (Lemay &
Poulin, 2002). For instance, Battaglia et al (2008) showed that clitoral body volume was related
to estrogen levels, highest in the periovulatory phase, and lowest in the premenstrual phase;
uterine and clitoral arteries also had reduced resistances in the periovulatory phase, which may
also be related to arousability. As mentioned previously, this cyclical associations between
positive affective, sexual, and physical is an area worth exploring in view of research suggesting
that women tend to perceive themselves as most attractive when in the periovulatory phase (e.g.,

Roder, Brewer, & Fink, 2009), and that the likelihood of a woman orgasming (a psychosexual
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variable) may also be dependent on context, such as the physical attractiveness of her sexual
partner (Puts, Welling, Burriss, & Dawood, 2011). Similar to emotional changes, it is possible
that positive physical changes associated with the menstrual cycle may facilitate mating effort, at
certain phases of the cycle. Thus, physical symptoms that enhance attractiveness, sexual
receptivity, or sexual proceptivity, or that decrease one’s need to spend time on other pursuits
(reduced appetite or fatigue) may be adaptive at certain phases of the menstrual cycle.
Proximal Mechanisms

The number of proposed underlying factors for menstrual cycle mood change (i.e., PMS)
and HC side effects is vast. First of all, it is probable that some women have a genetic
predisposition for symptoms associated with specific reproductive events (Steiner et al., 2003).
PMS and HC-related mood change are related to a personal or familial history of either condition
(see review in Oinonen & Mazmanian, 2002) and it has been determined that menstrual cycle
characteristics, including PMS, are heritable beyond personality traits (e.g., Kendler, Kakowski,
Corey, & Neale, 1998; Miller et al., 2010). For instance, polymorphisms on the estrogen receptor
(ER) genes seem to be related to the risk of psychological changes associated with reproductive
events, as is apparent with other hormone-related pathologies such a female reproductive cancers
(Ancelin, Scali, & Ritchie, 2007; Westberg & Erikkson, 2008; see Miller et al., 2010 for a review
of other candidate genetic polymorphisms). Although Richards (2006) did not find evidence that
ER alpha, androgen receptor, or serotonin transporter genes are involved in the expression of
mood variability in premenopausal women, a genetic predisposition for altered neurotransmitter
or hormonal activity or sensitivity to neuroendocrine changes seems particularly likely given that
only a portion of women experience adverse psychological effects associated with reproductive

events such as hormonal change across the menstrual cycle (Steiner et al., 2003).
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Biological factors. Many of the physical symptoms associated with reproductive events
can be linked to the physiological changes of the reproductive event, but the underlying
mechanisms of the psychological symptoms are not as obvious. There have been no consistent
biological abnormalities or differences associated with PMS or HC side effects. For instance,
there do not appear to be consistent differences in estrogen, progesterone, testosterone, FSH, LH,
or GnRH levels or oscillations across menstrual cycle phases between women with and without
PMS (Steiner et al., 2003; see also Schmidt, Nieman, Danaceau, Adams, & Rubinow, 1998).
Given that there have been some differences found at various phases, the follicular phase may be
as important in the expression of PMS as the luteal phase. With respect to testosterone, different
studies show normal, decreased, or elevated levels in women with PMS (see review in Rubinow
et al., 2009), but it is clear that the estrogen in HCs increases the level of sex hormone-binding
globulin and thereby, decreases the bioavailable testosterone (see Zimmerman, Eijkemans,
Coelingh Bennink, Blankenstein, & Fauser, 2014 for a review and meta-analysis). Nonetheless,
this finding may not be related to negative mood side effects (Young et al., 2007). Other systems
that have been implicated in the hormonal modulation of symptoms are gamma-aminobutryic
acid (GABA), serotonin, dopamine, and the hypothalamic-pituitary-adrenal (HPA) axis
(Rubinow et al., 2009).

Overall, estrogen seems to have a positive effect on mood, including positive affect
(Béackstrom et al., 1983). It is associated with an increase in neuronal excitability, including
serotonin and noradrenaline enhancing effects (Rubinow, Schmidt, & Roca, 1998). Conversely,
progesterone appears to exert a negative effect on mood and cortical excitability. As an example,
progesterone and its metabolites, namely allopregnanolone, modulate the GABA system, which

is involved in excitability (Rapkin, Biggio, & Conas, 2006). However, natural progesterone is
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relatively low in HC users and so there may be a withdrawal effect. Also, recent research
suggests that the concentration of allopregnanolone has a nonlinear (quadratic) relationship with
negative affect (Andréen et al., 2009). On this basis, Kurshan and Epperson (2006) proposed that
the luteal phase and OCs may influence mood by altering the balance between cortical excitation
and inhibition due to the paradoxical effects of estrogen priming in the periovulatory phase and
increasing levels of progesterone in the luteal phase. Also, the results of a recent study suggest
levels of serotonin in the premenstrual phase are positively correlated with estrogen as well as
inversely related to negative affect but not significantly related to positive affect (Kikuchi et al.,
2010).

As mentioned above, there is some evidence that the menstrual cycle may attenuate or
magnify emotional arousability depending on moderating arousal-related factors, such as
estrogen levels and stress. Davydov et al. (2005) found that HPA or sympatho-adrenomedullary
(SAM) stress hormone levels interacted with phase of the menstrual cycle and occupational
stress to predict changes in mood valence. Among healthy women (n = 203), high daytime (but
not nighttime) HPA or SAM hormone levels were associated with higher ratings of stress
(epinephrine, norepinephrine, and cortisol) and tiredness (epinephrine and norepinephrine) as
well as lower ratings of happiness (epinephrine and norepinephrine). Women with relatively high
daytime cortisol levels were less happy in the luteal phase (5 to 10 days after the LH surge and
so, approximately days —10 to -5 in comparison to the follicular phase (approximately days 4 to
10), but only on work days as opposed to off-work days. In contrast, high nighttime cortisol
levels were associated with higher happiness, and lower stress ratings in the luteal versus
follicular phase independent of work/non-work day. Also, women with high levels of

norepinephrine were happiest (on off-work days) and less tired in the luteal phase. These results
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suggest that environmental stress, in this case occupational stress on work-days, and stress
hormones may be implicated in the pathogenesis of psychological changes across the menstrual
cycle. More specifically, the authors hypothesized that differences in physiological arousal may
underlie mood valence such that down-regulated or up-regulated arousal results in negatively
valenced mood states while mid-level arousal results in positively valenced mood states. For
example, it was suggested that hyperarousal would be expected when stress, stress hormone, and
estrogen levels are high. However, estrogen levels peak around ovulation with moderate levels in
the mid-luteal phase, yet Davydov and colleagues measured only the latter phase in the study.
Further research on individual differences in (or two opposing patterns of) change in affective
valence between the periovulatory and luteal phases may be informative.

Neuroimaging studies are also promising in the search for some much-needed clarity as
to the biological underpinnings of psychological changes associated with the menstrual cycle or
HC use. For example, Rapkin et al. (2011) demonstrated that cerebellar activity reached a zenith
in the premenstrual phase in women with PMDD but not healthy controls. Research has also
shown that grey matter volumes are larger in HC users compared to nonusers in brain regions
with a sexual dimorphism favouring women, including the prefrontal cortex (Pletzer et al.,
2010). It 1s unclear whether these differences in brain structure are permanent (organizational) or
plastic (activational) as they pertain to hormonal changes, which means that researchers may
need to differentiate between current HC users, previous users, and never users (e.g., Oinonen,
Jarva, & Mazmanian, 2008).

A zeitgeber theory of PMS has been proposed in that psychosocial stressors may disrupt
biological rhythms and exacerbate emotional symptoms (e.g., Steiner, 1992). That is, there may

be different biological vulnerabilities associated with the diversified manifestations of PMS
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(Bancroft, 1995; Halbreich, 1997) that are dynamically evolving with life experiences and stress
(Halbreich & Monacelli, 2004). These biopsychosocial models suggest that women’s
reproductive experiences may be dependent on not only biological/hormonal mechanisms but
also attenuating or exacerbating psychosocial factors.

Hormonal sensitivity. Although the precise underlying biological mechanisms are not
well understood, a consensus is emerging that hormonal sensitivity (i.e., hypersensitivity to
normal fluctuations in reproductive hormones) underlies symptoms associated with reproductive
events across the lifespan (Steiner et al., 2003). Many of the same physical and psychological
symptoms occur across reproductive events (e.g., headaches, gastrointestinal problems, fatigue,
breast tenderness, acne or skin blotches, vasomotor symptoms, changes in WHR and BMI,
negative affect, mood lability, sexual changes, and sleep and appetite disturbances) (see review
in Ancelin et al., 2007). As mentioned previously, the rates of depressive disorders begin to
increase in women relative to men around menarche until menopause (Steiner et al., 2003). As an
example of a possible relationship between symptoms at various reproductive events, some
changes in the premenstrual phase of the menstrual cycle (e.g., PMS) are comparable to those
associated with parturition. Both periods involve a dramatic drop in hormone levels and can
involve different types of changes in mood or affect. The “baby blues™ affect approximately 80%
of new mothers, while a depressive episode in the postpartum period is seen in about 10 to 15%
of women (APA, 2000). However, elation or hypomanic symptoms may occur in 10 to 18% of
new mothers (Russell, 2009; e.g., Glover, Liddle, Taylor, Adama, & Sandler, 1994). Even mania
and psychosis sometimes begin in the postpartum period and postpartum depression appears to
be a recurrent disorder with an underlying bipolar diathesis (Sharma, 2005; Sharma, Smith, &

Mazmanian, 2006). The finding that some women experience depression, while others may
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experience hypomanic symptoms, following parturition seem to parallel mood symptoms in PMS
and POS (i.e., adverse symptoms in the periovulatory phase), including among women with
bipolar disorder (Teatero et al., 2014).

While some of the psychological symptoms of reproductive events may be reactive to
somatic or psychosocial stress, Bloch et al. (2000) induced depressive symptoms in 63% of
female participants with a history of postpartum depression, but none of the control group, by
artificially dropping their estrogen and progesterone levels. These findings suggested that some,
but not all, women are reliably mood-sensitive to sudden decreases in these hormone levels. In
another seminal study, PMS-like symptoms were induced in healthy women with PMS but not
those without PMS by first suppressing the menstrual cycle (and PMS) using leuprolide, a GnRH
agonist, and then adding estradiol or progesterone (Schmidt et al., 1998). Given the different
changes in sex hormones between reproductive events, hypersensitivity to normal abrupt
changes, as opposed to a hypoestrogenic state (Arpels, 1996), may underlie what has been
referred to as reproductive mood disorder(s) (Rapkin, Mikacich, & Moatakef-Imani, 2003;
Payne, Tietelbaum Palmer, & Jofte, 2009). However, care should be taken by researchers and
clinicans to distinguish between reproductive experiences versus disorders to avoid
pathologizing physical and psychological changes at reproductive events that may characterize
being a woman (i.e., are common and to be expected to some extent).

This hormonal sensitivity theory is supported by a growing body of literature on
associations between negative affect or depression and reproductive events across the lifespan
(Feld, Halbreich, & Karkun, 2005). At least five studies have examined pregnancy and the
postpartum period in this regard. Current postpartum depression has been found to be associated

with a history of premenstrual irritability (Sugawara et al., 1997), PMDD (Bloch, Rotenberg,
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Koren, & Klein, 2005; 2006), adverse OC mood side effects, negative mood in the first 2 to 4
days postpartum (Bloch et al., 2005), a positive history of postpartum depression, and negative
mood in the third trimester (Bloch et al., 2006) (but see Gregory, Masand, & Yohai, 2000 for
non-significant relationships). Premenstrual irritability has also been shown to be related to
psychological distress in pregnancy (Sugawara et al., 1997). Additionally, Russell (2009)
reported that a history of abortion was associated with negative mood in the puerperal period.
More research has examined associations between distress during the menopausal
transition and symptoms at past reproductive events. First, Stewart and Boydell (1993)
determined that perimenopausal women with high distress were more likely to report a history of
OC-related dysphoria, PMS, and postpartum depression, but not distress at pregnancy, cycle
irregularity, or physical symptoms in general, than those with low distress. Becker, Orr, Kotlet,
and Pines (2007), Gregory et al. (2000), Flores-Ramos, Heinze, and Silvestri-Tomassoni (2010),
Richards, Rubinow, Daly, and Schmidt (2006), Steinberg et al. (2008), Stone (2011), and Wood
and Mitchell (1996) reported similar results with respect to negative mood symptoms in the
premenstrual and postpartum periods. In another study, history of PMS was a risk factor for
vasomotor flashes, depressed mood, poor sleep, and decreased libido in the perimenopause
period (Freeman, Sammel, Rinaudo, & Shend, 2004). Flores-Ramos et al. (2010) also found that
earlier age at menarche, lower parity, and fewer miscarriages, but not OC side effects, were
associated with perimenopausal depression. Conversely, two studies did not find that either PMS
or postpartum mood change were predictive of perimenopausal depressive symptoms (Becker et
al., 2007; Steinberg et al., 2008). These studies suggest that some women experience negative
symptoms across various reproductive events. However, the only known study to examine past

reproductive events as correlates of prospective menstrual cycle mood change is Haywood,
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Slade, and King (2007). Results suggested that postpartum distress was not associated with
subsequent premenstrual distress, with the exception of a trend for physical symptoms of PMS.

In contrast, only a few studies have examined associations between reproductive
experiences with respect to positive affect. In 1982, Wood, Dery, and Most reported that age at
menarche and negative recollections of menarche were uncorrelated with retrospective reports of
negative affect across the most recent menstrual cycle. Contrary to expectations, positive
recollections of menarche were correlated with negative affect in the premenstrual and menstrual
phases. Later age at menarche was related to reports of positive affect at menarche and OC use
was related to reports of negative affect at menarche. It is unfortunate that the study was limited
to women’s feelings at the onset of their first menstrual period as opposed to affect change
associated with puberty. Wieck et al. (2003) found that women with a history of perinatal bipolar
disorder demonstrated more dopaminergic receptor sensitivity in the luteal phase than controls
and, in an unpublished study, Russell (2009) found that positive mood change in the postpartum
period was associated with a negative history of abortion, positive mood change at puberty, as
well as positive mood change in the premenstrual phase. These results are consistent with what
would be expected on the basis of the theory that some women exhibit hormonal sensitivity that
results in responses to changes in hormone levels in unique yet predictable ways. Overall, these
studies suggest that further research is needed on associations between symptoms, including
those that are positively valenced, across the menstrual cycle and those at past reproductive
events in both parous and nulliparous women.

Although positive mood states do not seem to be particularly associated with
perimenopause (Dennerstein, Lehert, & Guthrie, 2002), prospectively measured premenopausal

positive affect, including a negative history of PMS, has been shown to be a significant predictor
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of positive affect during the menopausal transition (Dennerstein, Lehert, Dudley, & Guthrie,
2001). Also, there is some evidence that depressed mood may resolve with the menopausal
transition (Wood & Mitchell, 1996) as well as a case report of an 85-year-old women with
seasonal depression since menopause who developed mania in response to HRT (Young, Moline,
& Kleyman, 1997).

It is likely that a spectrum of hormonal sensitivity, and thus symptom severity, exists
among women (Soares, 2010; Soares & Zitek, 2008; Stone, 2011). It has also been proposed that
the effects of hormonal changes across the lifespan may be cumulative in those who are
vulnerable (Ancelin et al., 2007; Deecher, Andree, Sloan, & Schechter, 2008). Women with a
hypersensitivity to changes in reproductive hormones as well as a predisposition for various
psychological changes (e.g., depression or bipolar disorder) may accumulate risk across the life
span, with every reproductive event. That is, the pathogenesis of reproductive mood disorders
may be related to electrophysiological kindling (Parry & Newton, 2001), which would have
treatment implications such as a role for antiepileptics as suggested by a preliminary study of
PMDD (Kayatekin, Sabo, & Halbreich, 2008).

Kindling. Kindling refers to the recurrent and progressive, from evoked to spontaneous,
nature of recurrent disorders (e.g., from seizures to epilepsy). Post, Rubinow, and Ballenger
offered a kindling hypothesis of affective illnesses, specifically bipolar disorder, in 1986. The
general premise is that sensitization to both psychosocial stressors and disorder episodes affects
neurobiology through genetic encoding over time (see Post, 1992 for a review of evidence
relating to transduction). Indeed, early depressive and manic episodes seem to be more reactive
to stress than those that occur further along in the course of the disorder. With respect to episode

sensitization, research is clear that the frequency of mood episodes increases as well (Post, 2004)
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but decreasing interepisode recovery intervals seem to be limited to the initial stages of the
disorder (Goodwin & Jamison, 2007). Kindling and sensitization also seem to be implicated in
increasing severity of episodes overtime (Post, 2007).

Although it does not appear that this hypothesis has been explicitly examined in PMS,
several findings can be interpreted in a kindling context, including the associations of PMDD
with older age at onset, lower age at menarche, symptoms at other reproductive events, and a
history of depression (e.g., Bancroft, Rennie, & Dye, 1994). Risk of depression in general has
been associated with earlier age at menarche, heavier menstrual flow and cycle irregularity in the
first 5 gynecologic years, a history of abortions, and depression at other reproductive events
(Graze, Nee, & Endicott, 1990; Harlow, Cohen, Otto, Spiegelman, & Cramer, 2004). There is
also evidence that subgroups of women with bipolar disorders have preexisting menstrual cycle
problems (Kenna, Jiang, & Rasgon, 2009) or mood change at two or more reproductive events
(Gregory et al., 2000; McClure, Reich, & Wetzel, 1971; Payne et al., 2007), but it is unclear
whether positively valenced changes kindle over time. An appropriate measure of whether
models like kindling or incessant cyclicity are applicable to symptoms associated with hormonal
sensitivity might be the estimated number of past reproductive events, including not only number
of menstrual cycles (see Harlow et al., 2004 for null results) but also cumulative number of
pregnancies and times one has switched HCs.

Unfortunately, the mechanisms of action for adverse and beneficial changes in negative
affect and positive affect across the cycle may vary, but research has largely focused on
mechanisms involved in adverse effects of negative affect. It does not appear that any such
studies have looked at the prediction of sexual complaints and positive experiences across the

menstrual cycle in premenopausal women. Whatever the mechanisms, it is clear that there are
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individual difference variables associated with changes in affect across the cycle and with HC
use.

Individual differences. There is a small body of recent literature on personality and PMS
(see Miller et al., 2010 for a partial review). For example, there is a link between PMS and the
tendency to (mis)attribute bodily sensations as emotions (Schnall et al., 2002). This finding was
demonstrated for both negative and positive affect change such that women responsive to cues
from their bodies showed various patterns in affect across the cycle, while other women did not
display any phase effects (Study 1). Similarly, it has been suggested that neuroticism accounts
for PMS and reproductive mood change (e.g., van den Akker, Eve, Stein, & Murray, 1995).
However, neuroticism, arguably a dated term, and maladaptive cognitions are also associated
with psychopathology in general and seem to mark one’s propensity for negative affect (Ormel,
Rosmalen, & Farmer, 2004), as opposed to being a factor that can discount the role of sensitivity
or heritable susceptibility to physiological changes across the cycle (Miller et al., 2010). What is
more, neuroticism was unrelated to PMS in women with other mood disorders in one study
(Payne et al., 2009) and personality scores that relate to neuroticism have been shown to
fluctuate across the cycle and change with OC use, including borderline personality disorder
symptoms (DeSoto, Geary, Hoard, Sheldon, & Cooper, 2003). The extent to which personality
variables are relevant to the expression of psychological changes across the cycle and with HC
use requires further investigation.

PMS or PMDD is associated with earlier age of menarche, a history of depression,
employment outside the home, less education, and smoking (Cohen et al., 2002). It is
understudied as to whether menstrual cycle characteristics are related to PMS (Feld et al., 2005).

However, Soares, Cohen, Ott, and Harlow (2001) found that women with PMDD and a history
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of depression were less educated and had less frequent marital problems than women with
PMDD and no such history. The two groups did not differ with respect to age at menarche, cycle
regularity, parity, or smoking. One study found that moderate exercise was a protective factor for
PMS but not for cyclicity in positive affect (Aganoff & Boyle, 1994). Moreover, relatively high
body mass index (BMI), a measure of body fat and thus, a crude measure of circulating estrogen,
may have a small to medium protective effect against negative mood (Ceballos, Hooker, &
al’Absi, 2009), even across the menstrual cycle (Oinonen & Mazmanian, 2001b). This effect
may be limited to women within the normal range of BMI measurements (cf., Barry, Pietrzak, &
Petry, 2008).

Factors associated with OC-related negative affect change include a history of:
depression, dysmenorrhea, and induced abortion (Segebladh, Borgstrom, Odlund, Bixo, &
Sundstrom-Poromaa, 2009; Oinonen & Mazmanian, 2001a). Age of menarche does not seem to
be as relevant (see review in Oinonen & Mazmanian, 2002). Even though HC use can alter
women’s BMI and waist-to-hip ratio (WHR), a measure of fat distribution and crude testosterone
levels (Singh, 1993), there appears to be little research on WHR and menstrual cycle changes in
affect. At the extremes, BMI and WHR are related to other menstrual cycle problems such as
irregularity and polycystic ovary syndrome or hyperandrogenism (Speroff & Fritz, 2005).

Recent research involving sexually dimorphic proxy measures of androgen exposure or
action suggest that there may also be preexisting hormonal differences between OC users and
nonusers. Oinonen, Jarva, and Mazmanian (2008) found that OC users had a lower or
masculinized second-to-fourth digit ratio (2D:4D), earlier age of menarche, a higher rate of
hormonal disorders, greater medication and drug use, and a more unrestricted sociosexual

orientation than never users. Conversely, BMI and WHR did not differ between groups. Overall,
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this study suggests that OC users may have been exposed to more testosterone in utero as 2D:4D
is a popular biomarker for prenatal exposure and its organizational effects (see Manning, 2008),
and that this exposure may result in proclivities to OC use. Previous users had the most extreme
traits, which may indicate that they are particularly vulnerable to OC side effects. Indeed,
Oinonen (2009, Study 1) reported that low 2D:4D was associated with a self-reported history of
OC-related increases in negative affect and discontinuation due to such concerns. In a second
study, Oinonen found that 2D:4D and mid-phalangeal hair count, a putative measure of current
androgen action or sensitivity, was associated with discontinuation due to various affect-related
side effects. Having less mid-phalangeal hair was associated with side effects, which unlike the
2D:4D findings, suggests that women with a relatively feminine hair count are more likely to
experience adverse OC side effects.

While extreme digit ratios and middle-phalangeal hair counts may be markers of
vulnerability to changes in reproductive hormones, these variables have yet to be examined in
relation to symptoms across the menstrual cycle. Further evidence for the plausibility of such
associations comes from research suggesting that 2D:4D is negatively correlated with age of
menarche (Manning & Fink, 2011; Matchock, 2008; but see Helle, 2010) and WHR (see Fink,
Neave, & Manning, 2003), and positively related to fluctuating asymmetry (a measure of
developmental instability and thus biological quality; Fink, Manning, Neave, & Grammer, 2004)
in women. Among men, feminine 2D:4D has been shown to be positively associated with
depression scores (Bailey & Hurd, 2005), fluctuating asymmetry (Fink et al., 2004), and BMI
(Fink et al., 2003). Additionally, digit ratio has been shown to be related to a variety of estrogen-

and androgen-related medical conditions among women, including breast cancer (Manning &
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Leinster, 2001), cervical dysplasia (Brabin, Roberts, Farzaneh, & Fairbrother, 2008), and
polycystic ovary syndrome (Cattrall, Vollenhoven, & Weston, 2005).

In summary, there are few robust findings with respect to the individual differences that
may underlie menstrual phase or HC-induced psychological changes. The potential effects of
personality characteristics and menstrual cycle characteristics are unclear. At this time, the best
candidates of moderating or mediating variables appear to be biologically-based traits or
anthropometric measures, namely a history of depression, age of menarche, WHR, BMI, mid-
phalangeal hair count, and 2D:4D. It is interesting that Oinonen, Jarva, et al. (2008) reported
links between OC use, 2D:4D, and sociosexuality given that there are several sexual selection
theories about psychological changes associated with reproductive events, including PMS and
reverse PMS (i.e., PMS-like symptoms in the periovulatory phase). These are discussed next.
Evolutionary Models

Darwinian or evolutionary approaches to psychology, psychiatry, and medicine propose
that diseases and disorders have about six distal, as well as many possible proximal, causes. The
six possible distal or evolutionary explanations include defenses, pathogens, modern
environments relative to the EEA, genetics, trade-offs in human design, and the fact that
evolution cannot make huge leaps and therefore, leaves legacies (Eaton et al., 2002; Keller &
Miller, 2006; Nesse & Williams, 1994). There is an abundance of theories as to the evolution of
mental disorders. One such model has placed sexually selected fitness indicators on a continuum
from adaptive to an unattractive extreme, with mental disorders representing breakdowns in
mating intelligence (Shaner, Miller, & Mintz, 2007). Three distinct evolutionary models of
symptoms associated with the menstrual cycle have been published. Generally, evolutionary

models fall into two categories: byproduct and adaptive hypotheses.
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Byproduct hypotheses. According to the cyclic defense hypothesis, PMS is merely a
byproduct of changes in immune system functioning. Doyle, Ewald, and Ewald (2007) proposed
that symptoms in the luteal phase may often be an exacerbation of previously existing, possibly
under-identified, infections due to a decrease in cell-mediated immunity with the rise in
progesterone. In comparison, humoural immunity is enhanced at this time so a woman’s immune
system is less likely to destroy an embryo. Evidence cited in support of this hypothesis included
that control of fungi, viruses, and intercellular bacteria is less optimal in the luteal phase and that
antibiotic treatment may be better than placebo pills for PMS. The authors also indicated that the
hypothesis may apply to pregnancy and the postpartum period as well as when taking HCs given
that the side effects are similar to symptoms of PMS. The latter idea is plausible if synthetic
progestins have effects on immunity but it does not take into account the fact that HCs tend to
suppress endogenous levels of sex hormones. Overall, the cyclic defense hypothesis suggests that
PMS is often the misdiagnosis or exacerbation of other chronic illnesses. The extent to which it
applies to physical versus psychological changes is unclear.

In 2008, Rieber proposed that PMS is a byproduct of mating adaptations entrained to the
menstrual cycle, particularly the preovulatory phase. That is, premenstrual symptoms may be a
result of withdrawal from “positive physical and sociobehavioral states” that facilitate mating
when a woman is more fertile earlier in the cycle (e.g., heightened self-perceived attractiveness).
Reiber’s model suggests that changes in negative affect may be compensatory' (i.e., a rebound
effect) to changes in positive affect (recall that Kiesner, 2011 and Pincus et al., 2008 made
similar interpretations of their findings). In support of this hypothesis, Rieber (2009) reported

that women experience different menstrual cycle patterns of PMS-like symptoms that are

'3 The possibility of compensatory changes in negative and positive affect associated with reproductive hormones
may be interpreted in the context of the opponent-process theory of emotion (Solomon & Corbit, 1974) where
negative affect and positive affect are paired regulatory processes.
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dependent on whether their current conditions are advantageous for reproduction. For instance, a
subgroup of women was found to experience “pseudo-PMS” (i.e., a POS pattern) in what would
normally be the fertile phase followed by less negative states prior to menstruation. The POS
pattern was negatively associated with age and resources as well as positively associated with
parity, conditions considered to unfavorable for having (more) children (Reiber, 2009). Based on
these findings, a POS pattern may be an evolved form of birth control. Also, women with PMS
reported fewer negative symptoms in the preovulatory phase than women without PMS. Positive
states in the premenstruum were suggested to be related to women obtaining mate retention or
material benefits from men in order to improve their conditions before reproducing. This model
also implies there may be within-woman variability in menstrual cycle patterns over time as
conditions change. Rieber (2008; 2009) did not review the research on changes in positive mood
or affect across the cycle to support this byproduct hypothesis nor were any alternative
explanations discussed, and only negative symptoms were measured. The omission of positively
valenced items is problematic because, as mentioned previously, the absence of negative
symptoms is not evidence of enhanced positive affect. Finally, if positive states are adaptive at
different phases in this model, the compensatory states (i.e., symptoms of PMS) may also be
functional at times.

There do not appear to be any explicit evolutionary explanations, namely byproduct
hypotheses, of why some women have adverse HC side effects while others do not or may even
experience beneficial side effects. However, it has been noted that HCs may disrupt
psychological adaptations associated with the menstrual cycle (e.g., Brown et al., 2009). Not
only do they moderate (attenuate or nullify) cyclic changes but they may impose conditions on

the mind and body that do not correspond with women’s evolutionary legacy. For instance, HC
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users have been found to have altered mate preferences compared to free-cycling women (see
Alvergne & Lummaa, 2009 and Roberts, Miner, & Shackelford, 2010 for reviews), including a
greater preference for the scent of men who are genetically similar to them in the major
histocompatibility (MHC) region. Given that the MHC genes are involved in immune
functioning and HC alters women’s mate preferences, HC use may affect relationship formation
and maintenance as well as a couple’s fecundity related to genetic similarity (Roberts, Gosling,
Carter, & Petrie, 2008). Also, in 2011, combined OCs were found to be associated with: (a)
relationship outcomes such as women’s decreased attraction and sexual proceptivity to male
partners met while using OCs (Roberts et al., 2012) as well as (b) reduced memory for details of
an emotional story (Nielsen, Ertman, Lakhani, & Cabhill, 2011). Overall, HC side effects might
occur due to similar mechanisms that underlie menstrual cycle symptoms (Doyle et al., 2007) as
well as being a byproduct of the mismatch between the EEA and advances in reproductive
medicine, including deliberate means of suppressing endogenous hormone cyclicity.

Adaptive hypotheses. A third evolutionary explanation for PMS symptoms, particularly
what is referred to as late luteal phase behavioural changes (LLBCs), suggests that these cyclical
changes co-evolved with women’s reproductive physiology insomuch as they increase
reproductive success (Vieira, 2009). Consider, for example, the possibility that LLBCs may
increase the likelihood of relationship dissolution among couples that have not conceived during
the fertile phase of the menstrual cycle and are not well-matched. LLBCs may also elicit
information about male partners’ commitment and parenting qualities. Similarly, it has been
suggested that dysphoric symptoms in the luteal phase, during pregnancy, and in the postpartum
period might have evolved because they keep women out of harm’s way when the survival of a

child depends on them (Niculescu & Akiskal, 2000).
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Abraham perhaps first articulated a hypothesis for changes in positive affect across the
cycle in 1984 that suggested that postmenstrual elevation in mood may encourage behaviours
that are reproductively advantageous. Although the possibility of compensatory changes in the
preovulatory phase has been largely ignored in PMS research, Niculescu and Akiskal (2000)
stated that “the initial euthymic phase leading to ovulation is conducive to mating. . .” (p. 1084).
Also, it has been proposed that the genes for mania in bipolar disorder may have advantages for
reproductive success as a result of increased sexual aggression or promiscuity as well as goal-
directed behaviour (Nesse & Williams, 1994).

Hormones and Sociosexuality

Given that the evolutionary theories of affect change across the menstrual cycle suggest
that such change is related to mating effort, research on hormones and mating strategies is
relevant and will be reviewed here. In the area of psychoendocrinology, evolutionary
psychologists tend to focus on differences between the sexes and changes across the cycle as
related to sexual selection'®. Parental investment, organizational and activational effects of
hormones, and conception probability are expected to be modulating variables. For example, the
time and effort men must put forth in conception and childbearing is less than that of women
based on physiology (i.e., the sizes of the gametes and internal fertilization) and therefore, men
tend to be less invested in offspring and more apt to engage in short-term mating. In contrast,
women tend to be “choosy” (Baker & Bellis, 1995; Trivers, 1972). This sex difference in mating
strategy has been found to be nearly universal across cultures (Schmitt, 2003; 2005).

Briefly, a mating strategy is a set of psychological adaptations, namely implicit decision

rules, that organize and direct an individual’s overall sexual and as such, reproductive efforts.

' 1t should be assumed that the results discussed in this section are based on healthy, heterosexual, and free-cycling
women, unless otherwise noted.
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Mating tactics are the specific actions and perceptual preferences that serve the purpose of
fulfilling a strategy (Buss, 1998). The term sociosexuality is often used in reference to mating
strategies (long-term versus short-term) and simply means the degree to which one is
comfortable with, or willing to engage in, allosexual behaviours outside of attached and
committed relationships, as opposed to allosexual behaviours with an individual romantic partner
and autosexual behaviours. For example, the number of different sexual partners over time,
extra-pair sexual interests and behaviours (e.g., cheating), and attitudes toward casual sex are
considered to be features of sociosexuality. Traditionally, it been measured as an individual
difference variable using the Sociosexual Orientation Inventory (SOI; Simpson & Gangestad,
1991) on a bipolar continuum from restrictiveness to unrestrictiveness. Nonetheless, the overall
consensus is that species have evolved a repertoire of context dependent (Buss & Schmitt, 1993),
conditional (Gross, 1996), ecologically-contingent (Gangestad & Simpson, 1990), and mixed
(Trivers, 1972) mating strategies'’. Reiber (2009) referred to such models as facultative when
discussing an evolutionary hypothesis of PMS.

Firstly, one’s health and physical attractiveness, including BMI, WHR and fluctuating
asymmetry, influences one’s ability to attract a potential mate (i.e., the availability and quality of
potential mates) and thus, men and women’s mating strategy (Buss & Shackelford, 2008). The
results of Oinonen, Klemencic, et al. (2008) and Swarmi, Miller, Furnham, Penke, and Tovée
(2008) suggest that one’s sociosexuality may influence perceptions of potential mates’
attractiveness, health, fertility, and even BMI. Although sociosexual orientation has not typically
been considered a health-related variable, it has been shown to be negatively correlated with

disease prevalence across the world (Schaller & Murray, 2008), positively correlated with high-

'” Although beyond the scope of present paper, it is important to note many evolved sexual mechanisms discussed
are also supported by phylogenic research on nonhuman primates as well as vertebrates, and various evolutionary
theories (see reviews in Thornhill & Gangestad, 2008 and Oinonen, Klemencic et al., 2008).
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risk sexual behaviours (Seal & Agostinelli, 1994), and negatively associated with 2D:4D (e.g.,
Oinonen, Teatero, & Mazmanian, 2012). Although research on relationships between PMS-like
cyclic changes and sociosexual strategies is very sparse, further evidence that mating strategies
may affect or be affected by health includes the aforementioned research on sexual symptoms of
PMS or side effects of HC use. Women with PMS may exhibit different mating strategies and
preferences than women without PMS as suggested by Reiber’s (2009) evolutionary theory of
PMS as well as the reviewed research on the effects of HC use on mate selection. The possibility
that changes in sexuality and mating tactics co-occur with, or as part of, menstrual cycle patterns
such as PMS warrants exploration. For example, a general restrictive strategy may be a symptom
or side effect of PMS-like changes across the cycle, perhaps even beyond changes in sex drive or
arousability and physical well-being. That is, reproductive experiences and mating strategies
may be related. Both cycle phase and HC use, and their associated symptoms, may affect
relationship functioning and mating strategy (Roberts et al., 2012; Slade, Haywood, & King,
2009).

Secondly, sexual strategies theory (SST) suggests that women engage in short-term
mating with the intention of developing long-term relationships (Buss & Schmitt, 1993). In
contrast, the core tenet of the strategic pluralism model (SPM) is that there is considerable
within-sex variation in the mating strategies of women due to trades-offs between good genes
and good provider attributes in male partners (Simpson & Lapaglia, 2007). Support for the SPM
comes from several lines of research. Only about 16% of the variance in seeking short-term
partners is attributed to sex (Gangestad & Simpson, 2000); sociosexuality is associated with
mate preferences (Simpson & Gangestad, 1992); and self-reported gender identity seems to

account for more variance in sociosexuality and tactics like jealousy, than sex (Aylor & Dainton,
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2004; Teatero, Mazmanian, & Oinonen, 2010a). In addition, the rate of cuckoldry may be higher
than 10% (Diamond, 1992) and there is a body of research on changes in sexuality across the
menstrual cycle'®. Overall, it is clear that there is substantial within-sex variance in sociosexual
tactics. Women do not consistently use the same sexual tactics. If hormonal mechanisms play a
role in the likelihood of engaging in the various strategies, women using different strategies may
differ hormonally, may differ in the likelihood of a mechanism being activated (i.e., different
thresholds for activation), or may have different hormonal mechanisms to activate the strategies
and tactics.

Periovulatory tactic shifts. Evolutionary research has suggested that the preovulatory
phase is important because it is involved in reproductive adaptations. Overall, women tend to
report greater extra-pair desire and behaviours (Gangestad, Thornhill, & Garver, 2002;
Gangestad, Thornhill, & Garver-Apgar, 2005), and less commitment to their long-term partners
(Jones et al., 2005) at peak fertility in the cycle (as compared to lower fertility phases). When
evaluating men in the context of a short-term relationship, women’s mate preferences at high
fertility phases tend to shift towards signals of genetic quality. For example, there is a
periovulatory peak in women’s preferences for: behavioural displays of social presence and
direct intrasexual competition (Gangestad, Simpson, Cousins, Garver-Apgar, & Christensen,
2004); the faces, bodies, and scent of symmetrical men (Little, Jones, Burt, & Perrett, 2007;
Thornhill & Gangestad, 1999; Thornhill et al., 2003; cf., Oinonen & Mazmanian, 2007); and

masculine men (Jones et al., 2005; Little, Jones, & Burriss, 2007; Penton-Voak & Perrett, 2000;

'8 Although the literature on mating strategies at other reproductive events is sparse, women may be least interested
in short-term sexual relationships when pregnant, in the postpartum period, or when otherwise infertile (e.g., the
premenstrual phase), which has been hypothesizes to be due to non-genetic benefits of having a stable partner (Jones
et al., 2008).
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Puts, 2005). Thus, women’s sociosexuality seems to increase when around ovulation, when sex
is most likely to result in conception.

In 2001, cyclical preferences for masculinity were reported to be moderated by self-
reported gender identity such that the extent of the preference shift for masculine faces increased
as a function of self-reported masculinity (Johnston, Hagel, Franklin, Fink, & Grammer, 2001).
Scarbrough and Johnston (2005) also found that women with low 2D:4D as well as those low in
femininity displayed a periovulatory shift towards greater attractiveness to masculine faces. In
contrast, women with high 2D:4D as well as those high on femininity shifted towards a
diminished preference for masculine faces near ovulation. Another line of research suggests that
the magnitude of cyclic within-woman changes in reproductive hormones, namely greater
changes in estrogen levels, predicts the magnitude of preferences for faces of men characterized
by high testosterone (Roney, Simmons, & Gray, 2011).

Similarly, Oinonen, Klemencic, et al. (2008) reported preliminary evidence of a
periovulatory sociosexuality tactic shift (PSTS). As measured by ratings of male faces,
sociosexually restricted women shifted towards greater one-night stand interest during the
periovulatory phase, the restricted PSTS pattern for simplicity. On the other hand, unrestricted
women displayed a trend towards diminished interest in one-night stands, a shift towards
restrictiveness at the periovulatory phase, and rated the faces as healthier than restricted women.
This latter finding can be referred to as the unrestricted PSTS pattern. Both general patterns are
also seen in other species such as anthropoid primates (see Oinonen, Klemencic, et al., 2008 for
partial reviews). Evolutionary models that may support the adaptiveness of the unrestricted
pattern include the many fathers theory (Hrdy, 1979) and best-of-N theory (e.g., Dubois,

Wajnberg, & Cezilly, 2004). Models that may support the adaptiveness of the restricted pattern
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include the father-at-home theory (Alexander & Noonanm, 1979) and better-options theory
(Dubois et al., 2004). That is, unrestricted women may take advantage of sperm competition and
“good genes,” in a different way than restricted women, such as by mating with relatively more
men outside the fertile window in order to acquire resources or to choose the best possible mate.
Reiber’s (2008; 2009) byproduct theory of PMS might suggest that the unrestricted PSTS pattern
occurs under conditions unfavorable to immediate reproduction, much like reverse PMS or POS
(i.e. adverse symptoms in the periovulatory phase). Thus, unrestricted women would be most
interested in extra-pair or uncommitted relationships when they are unlikely to become pregnant.
In contrast, it may be more advantageous for restricted women to partner with one man but
engage in extra-pair relationships around ovulation. Reiber’s model might also suggest that the
restricted PSTS pattern occurs under some conditions favourable to conception and parity.

With respect to possible differences between the two groups of women showing opposite
periovulatory strategy shifts, Oinonen, Klemencic, et al. (2008) reported that the unrestricted
pattern was related to energetic efficiency such that unrestricted women had a higher body
weight, hip size, and waist size than restricted women. In contrast, the two groups did not differ
in BMI, WHR, or FA (i.e., mate quality), age of menarche, sex drive, rate of coitus, or
intelligence (mental rotation scores). Given that unrestricted women have been found to have a
lower, more masculine 2D:4D than restricted women (Clark, 2004; Oinonen, Jarva, et al., 2008),
the two menstrual cycle patterns of preference for male facial masculinity reported by
Scarbrough and Johnston (2005) may be related to the PSTS findings. In line with the result of
Scarbrough and Johnston, the unrestricted PSTS pattern seemed to be associated with a
perceptual bias (i.e., different or relaxed cues when judging male fitness) that may facilitate

strategy enactment (Oinonen, Klemencic, et al., 2008). Moreover, the unrestricted or low 2D:4D
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pattern may be associated with irregular menstrual cyclicity, low paternal bonding, and a “good
genes” mate choice strategy, while the restricted or high 2D:4D pattern may be associated with
regular menstrual cyclicity, and a “good dad” mate choice strategy (Scarbrough & Johnston,
2005).

The results of Oinonen, Klemencic et al. (2008) and Scarbrough and Johnston (2005)
seem to fit with those of Davydov et al. (2004), Kiesner (2011), and Reiber (2009) with respect
to menstrual phase effects on negative and positive affect in subgroups of women. In this sense,
sexual unrestrictiveness in the periovulatory phase with restrictiveness in the premenstrual phase,
the most common PSTS in the existing literature, may be similar to a PMS-like pattern (i.e., high
positive affect or low negative affect in the periovulatory, with the opposite pattern in the
premenstrual, phase). Restrictiveness in the periovulatory, but unrestrictiveness in the
premenstrual, phase (the restricted PSTS pattern) may be akin a POS (periovulatory syndrome)
pattern (i.e., low positive affect or high negative affect on the periovulatory phase). The research
findings reviewed above suggest that psychological changes across the menstrual cycle and
associated perceptual biases or preferences may be mediated or moderated by the organizational
effects of sex hormones (e.g., through prenatal and pubertal hormonal exposure with measurable
effects on sociosexual orientation, 2D:4D, and other physical features) as well as conditional on
individual differences and context (e.g., the attractiveness of oneself relative to one’s current
partner; Haselton & Gangestad, 2006; Pillsworth & Haselton, 2006).

Overall, the progression of research on hormones and sociosexuality parallels that of
research on hormones and affect. In both areas, sex differences are robust, activational effects
have been demonstrated, and individual differences, including possible organizational effects,

appear to be important. Changes in affect as well as sociosexuality across the menstrual cycle
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have been reported among healthy women, but at their extremes these changes may represent
clinical disorders (e.g., PMDD) with evolutionary origins. Examining potential associations
between women'’s health and mating tactics places findings from both fields in a larger distal
context yet may lead to an improvement in proximate research, such as on etiology, diagnosis,
and treatment (Reiber, 2009). As with PMS and POS, evidence is developing that phase effects
on sociosexuality exhibit two opposing patterns in different women (i.e., unrestricted and
restricted PSTS). An intriguing and hitherto unexplored possibility is that phasic changes in
negative affect, positive affect, and mating tactics may be associated. That is, women who
experience PMS (in the premenstrual phase) may also experience periovulatory peaks in positive
affect and sociosexual unrestrictiveness; women who do not experience PMS may feel relatively
good and be most unrestricted in the premenstrual phase and experience relatively more negative
affect and restrictiveness in the periovulatory phase (see Kiesner, 2011; Pincus et al., 2009;
Rieber, 2009 reviewed herein).

To further summarize the state of research on both PMS (or menstrual cycle changes in
symptoms) and PSTS, there are at least three explanations for the possibility of two different
types of cyclical shifts in affect and in mating tactics. First, the majority of women (or cycles)
may display the same shifts (i.e., PMS-like changes and restricted PSTS), while an identifiable
subgroup of other women may exhibit the opposing shifts (i.e., POS-like changes and
unrestricted PSTS). Each shift may be adaptive for the women who display them as suggested by
Reiber (2008; 2009), Oinonen, Klemencic, et al. (2008), and Vieira (2009). Second, the
relatively less researched or perhaps less common hormone-related shifts (i.e., POS-like changes
and unrestricted PSTS) may be byproducts of other evolutionary processes (Reiber, 2008). Third,

mixed findings between studies may suggest that these two patterns are the result of
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methodological or statistical artifacts and that the stated changes in affect and sociosexuality do
not co-occur. There is, of course, a chance that the findings indicative of POS and unrestricted
PSTS shifts are a result of Type I (i.e., false positive) statistical errors. However, this seems
unlikely given the lines of evidence reviewed here indicate that there is appreciable between- and
within-women variability in psychological shifts across the menstrual cycle as well as other
reproductive events.

One area of concern in research on psychological menstrual cycle entrainments is that
there are many methodological inconsistencies, which may introduce biases. For example,
screening criteria (i.e., the requirement of normal cycle regularity and length; e.g., Gangestad,
Thornhill, & Garver-Apgar, 2005; Reiber, 2009; Oinonen, Klemencic, et al., 2008) exclude a
sub-group of women from the majority of research and it is possible that these women are those
who (a) show alternative shifts such as POS or unrestricted PSTS patterns or (b) are particularly
likely to experience variability across the cycle. Exemplifying this point, Kiesner (2011) found
that 20% of women who declined participation in a menstrual cycle study did not have a regular
menstrual cycle and Scarbrough and Johnston (2005) found that women who exhibited an
atypical menstrual cycle pattern in the preference for male facial masculinity had more irregular
cycles.

It is also a possibility that previous findings may have been confounded by other
variables. For example, it has been theorized that women exhibit two (socio)sexualities: estrus
around ovulation for genetic benefits and extended sexuality throughout the rest of the cycle for
material benefits (Thornhill & Gangestad, 2008). However, past research did not separate
women’s receptive and proceptive mating strategies across the cycle, which are independent

constructs, and the most widely used measure of sociosexuality (i.e., the SOI) was recently
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revised by two independent research groups due to psychometric issues (Jackson & Kirkpatrick,
2007; Penke & Asendorpf, 2008). One concern was that mating strategies may be
multidimensional (e.g., long- and short-term orientations may be enacted concurrently or
conditionally). Thus, new measures assess both long-term and short-term orientations as well as
receptivity and proceptivity. For instance, the Proceptive and Receptive Mating Strategies Scale
(PARMSS) was recently developed and appears to be the first measure to separately assess
receptivity and proceptivity on a common metric. As mentioned previously, very few researchers
have examined the possibility that there is more than one pattern of dual (socio)sexuality across
the cycle: restricted PSTS (i.e., a periovulatory peak/premenst