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Abstract
The present study examined the influence of hormones on obsessive-compulsive disorder (OCD)
symptoms and related phenomena across the menstrual cycle. After exclusions, 223 participants
(51 free-cycling women, 100 hormonal contraceptive users, and 72 men), completed
questionnaires on disgust sensitivity, OCD symptoms, responsibility beliefs, risk-taking, and
anxiety two weeks apart using a within-subjects design (follicular and luteal phases for free-
cycling women). Laboratory participants (n = 178) also completed an emotion discrimination
task, had 2D:4D measured, and a subset of women provided saliva samples (n = 56). Contrary to
the compensatory prophylaxis hypothesis, subclinical OCD contamination symptoms, disgust
sensitivity, and related phenomena did not increase with progesterone levels. However, changes
in salivary progesterone levels across the cycle were positively correlated with changes in
anxiety and negatively correlated with risk-taking. Sexual activity and level of contamination
fears were significant moderators of behavior change across the cycle. Non-sexually active
(versus sexually active) women and women with high (versus low) contamination fears showed
an increase in OCD symptoms from the follicular to the luteal phases. Women with PMS (versus
those without) showed increased OCD symptoms, disgust-sensitivity and responsibility beliefs at
both phases of the menstrual cycle. Finally, women were more sensitive to detecting facial
expressions of disgust than men. Greater disgust sensitivity detection was also associated with
higher 2D:4D, and use of oral contraceptives with either high progesterone dosage or low
androgenicity. The current findings suggest that perhaps not all women experience an increase in
precautionary behaviour across the menstrual cycle, but that there may be subgroups of women

who are more susceptible to behavioural changes as a result of fluctuating hormone levels.
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Anxiety Symptoms and Precautionary Behaviour across the Menstrual Cycle: The Role of
Hormones

There are particular “windows of vulnerability”” across a woman'’s lifetime where the risk
of mood disturbance increases, such as puberty, the premenstrual phase, pregnancy, the
postpartum period, and menopause (Soares, 2010b). Reproductive events such as the
premenstrual phase, pregnancy, and the postpartum period have also been shown to affect
obsessive compulsive symptoms in women (Labad et al., 2005). These major reproductive events
correspond to periods of fluctuating reproductive hormone levels in women (e.g., estrogen and
progesterone). Emerging research suggests that the hormone progesterone may affect obsessive-
compulsive symptoms related to fears of contamination. Examining the association between
hormones and sub-clinical obsessive compulsive symptoms (and related phenomena) may help
to explain sex differences in anxiety symptoms.
Mood across reproductive events

Rates of depression are equivalent between boys and girls in childhood but radically shift
as women experience menarche, or the commencement of menstruation. Following puberty
women are two times more likely to develop depression compared to men, a difference that
persists throughout the reproductive years and declines again following menopause (Steiner,
2009). These marked sex differences in mood have implicated gonadal steroid hormones (e.g.,
estrogen, progesterone) in the development of depression. Women experience a series of
reproductive events across the lifespan that are accompanied by specific hormonal changes.
These include menarche, across different menstrual cycle phases, pregnancy, the postpartum

period, and menopause.



Menarche. Puberty refers to a series of changes that take place in adolescence to develop
the capacity for reproduction. Pubertal changes include the development of primary and
secondary sexual characteristics (e.g., development of the sex organs and pubic hair growth),
physical maturation (e.g., growth spurt), and the occurrence of specific events such as menarche
(first menstruation) for women and oigarche (first ejaculation) for men (Reardon, Leen-Feldner,
& Hayward, 2009). Although puberty occurs on average between the ages of 12 and 13, pubertal
changes can span over the course of up to four years (Reardon et al., 2009). Compared to other
aged-matched peers, onset of puberty can be early, on-time, or late (Reardon et al., 2009). In a
longitudinal study of over 2,000 girls, Joinson, Heron, Lewis, Croudace, and Araya (2011) found
earlier age at menarche was associated with higher levels of depressive symptoms compared to
girls with a normal and later age at menarche.

The menstrual cycle. In order for women to be able to reproduce, a complex process is
maintained on a monthly basis by the secretion of hormones from several endocrine glands. The
hypothalamus secretes gonadotropin-releasing hormone (GnRH) through the hypophyseal portal
system to the anterior pituitary (Hawkins & Matzuk, 2008). Follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) are then secreted from the anterior pituitary and travel through the
bloodstream to reach the ovaries (Becker, Breedlove, Crews, & McCarthy, 2001). Follicle-
stimulating hormone, as the name suggests, stimulates the growth of follicles in the ovary. Each
follicle contains an egg, or an oocyte (Greenberg, Bruess, & Conklin, 2011).

The menstrual cycle can be divided into three general phases: the follicular phase (days
1-13), ovulation (days 13-14), and the luteal phase (days 15-28; Sigmon & Schartel, 2008).
Although the average cycle length is 28 days, there is significant variation in cycle length with

anywhere from 24 to 35 days considered normal (Sigmon & Schartel, 2008). The menstrual



cycle also has a number of sub-phases within the overarching phases. Although there are subtle
differences across definitions, days 1-5 generally correspond to the early follicular or menstrual
phase, days 6-10 to the mid-follicular or postmenstrual phase, days 11-14 to the late follicular or
periovulatory phase, days 15-18 to the early luteal phase, days 19- 23 to the mid-luteal phase,
and days 24-28 to the late luteal phase (Béackstrom, Boyle, & Baird, 1981; Sanders, Warner,
Backstrom, & Bancroft, 1983).

During the follicular phase the ovaries secrete estrogen, which causes the endometrium
(lining of the uterus) to proliferate (Hawkins & Matzuk, 2008; Luria, Friedman, & Rose, 1987).
As estrogen levels increase throughout the late follicular phase, a negative feedback signal is sent
back to the anterior pituitary causing a surge in LH that triggers ovulation (Hawkins & Matzuk,
2008). The release of an egg leaves a ruptured follicle that becomes the corpus luteum. During
the luteal phase the corpus luteum secretes progesterone and estrogen and the endometrium
thickens in order for a fertilized embryo to attach (Greenberg et al., 2011; Hawkins & Matzuk,
2008; Luria et al., 1987). High levels of estrogen and progesterone cause negative feedback
which keeps FSH and LH levels low. If the egg is not fertilized and fails to attach, the corpus
luteum degenerates and progesterone and estrogen levels consequently drop (Luria et al., 1987).
Decreased levels of estrogen and progesterone signal the endometrium to shed, or menstruation
to begin. During the menstrual or early follicular phase FSH levels start to rise and the cycle
starts anew.

Both estrogen and progesterone levels fluctuate across the menstrual cycle, but show
considerably different patterns. Progesterone levels remain low throughout the early and mid-
follicular phases, and start to rise during the late follicular phase just prior to ovulation.

Progesterone levels continue to rise during the early luteal phase, peak during the mid-luteal



phase, and then begin to fall during the late luteal phase (Sanders et al., 1983). In contrast,
estrogen levels are initially low during the early follicular phase, rise in the mid-follicular phase,
and peak in the late follicular phase just prior to the LH peak. Estrogen levels fall after the late
follicular phase peak, then begin to rise again during the early luteal phase, peak during the mid-
luteal phase, and then fall during the late luteal phase (Sanders et al., 1983).

For many women natural changes in estrogen and progesterone levels across the
menstrual cycle have noticeable effects on mood. Premenstrual syndrome (PMS) is likely the
most well-known mood disturbance related to the menstrual cycle. Premenstrual symptoms can
include sadness, tension/anxiety, mood lability, irritability or anger, lack of interest in normal
activities, fatigue, appetite changes, insomnia, feeling overwhelmed, and physical symptoms
such as headaches, muscle pain, bloating, or breast tenderness (American Psychiatric
Association, 2000). A recent large-scale study of nearly 4,000 women (Tschudin, Bertea, &
Zemp, 2010) found that 91% of women sampled experienced at least one PMS symptom, but
only 10.3% met criteria for PMS according to the Premenstrual Symptoms Screening Tool
(PSST; Steiner, Macdougall, & Brown, 2003). To meet criteria for PMS according to the PSST
women must experience at least five symptoms that occur exclusively in the pre-menstrual
period, which moderately to severely interfere with at least one of five psychosocial domains of
functioning (Steiner et al., 2003). There appears to be a genetic component to PMS, as
concordance rates for identical twins are 90% compared to 44% for fraternal twins (Clayton,
2008). Furthermore, PMS is more likely in women whose mothers have a history of PMS,
although this could also be due to environmental causes such as attitudes and expectancies

surrounding menstruation (Clayton, 2008).



Premenstrual Dysphoric Disorder (PMDD) is a more severe form of premenstrual mood
disturbance that significantly interferes with work, school, or social functioning, or causes
significant distress. It is far less common than PMS, occurring in only 3 to 8% of women
(Steiner, Dunn, & Born, 2003). Although PMDD was previously listed under “Criteria Sets and
Axes Provided for Further Study” (i.e., Appendix B) of the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-1V-TR; American Psychiatric Association, 2000,
p. 759), it has been added to the DSM-5 as a new depressive disorder (American Psychiatric
Association, 2013). In order to meet criteria for PMDD, five of the following nine symptoms
must be present: marked affective lability, marked irritability, marked depressed mood, marked
anxiety, decreased interest in usual activities, difficulty concentrating, lack of energy/fatigue,
hypersomnia/insomnia, feeling out of control/overwhelmed, and physical symptoms such as
breast tenderness and bloating. Out of the four core affective symptoms (i.e., depressed mood,
anxiety, irritability/anger, and affective lability), at least one must be present (Sigmon &
Schartel, 2008). Most importantly, these symptoms must be present during the week before
menstruation, improve shortly after the onset of menses, and be minimal or absent in the week
after menses (American Psychiatric Association, 2013; Tschudin et al., 2010).

Given the lack of reliability with retrospective self-reports, prospective daily measures
are needed across two cycles in order to more accurately diagnose PMDD (American Psychiatric
Association, 2011; Sigmon & Schartel, 2008). However, this gold-standard approach is not
always feasible in research or in practice. It is also expected that to receive the diagnosis,
symptoms must be present in the majority of menstrual cycles in the past year. A diagnosis of
PMDD should not be given if there is premenstrual exacerbation of another disorder (e.g., major

depression, panic disorder; American Psychiatric Association, 2011). However, distinguishing



between PMDD and premenstrual exacerbation of anxiety or mood disorders can be extremely
challenging. There is significant comorbidity between diagnoses of PMDD and major
depression, as 30 to 70% of women with PMDD have a history of a depressive episode (Burt &
Stein, 2002). Furthermore, selective serotonin reuptake inhibitors (SSRIs) have been found to be
effective for treating both depression and PMDD (Braverman, 2007; Soares & Zitek, 2008).
Although this suggests a common cause, SSRI treatment for PMDD improves symptoms
immediately (1-2 days) rather than requiring 4 to 6 weeks, and is only needed during the luteal
phase of the menstrual cycle rather than continuously (Braverman, 2007).

Hormonal contraceptives. Contraceptive use is very common in women of childbearing
age, with one national study finding that 62% of women aged 15-44 in the United States were
using some form of contraception between 2006 and 2010 (Jones, Mosher, & Daniels, 2012).
There are a number of different methods of contraception, including pills or oral contraceptives
(OCs), contraceptive patch (e.g., Ortho-Evra), injectable birth control (e.g., Depo-Provera),
vaginal rings (e.g., NuvaRing), implant (e.g., Implanon), intrauterine device (IUD), and barrier
methods (e.g., diaphragm, cervical cap; Jones et al., 2012). Whereas the methods listed above are
reversible, there are also permanent methods of birth control such as female sterilization. Of all
the types of contraception, the pill was found to be the most common contraceptive method for
younger women and female sterilization was the most common method for older women (Jones
et al., 2012).

Oral contraceptive pills come in many different formulations with different types of
synthetic hormones. Ethinyl estradiol (EE) is the form of estrogen typically used in OCs whereas
several different types of progestins are used across different brands of OCs (e.g., norgestimate,

desogestrel; Kiley & Hammond, 2007). OCs can be described as monophasic or triphasic



according to their specific formulations. Monophasic OCs supply consistent amounts of estrogen
and progesterone across the first three weeks of the cycle whereas triphasic OCs provide
increasing amounts of progesterone each week (Kiley & Hammond, 2007). The final week is
either a pill-free interval or consists of placebo pills, which are hormonally equivalent (Kiley &
Hammond, 2007). Triphasic pills were created with the aim of more naturally mimicking the
menstrual cycle as well as decreasing side effects (Van Vliet, Grimes, Lopez, Schulz, &
Helmerhorst, 2006). In a meta-analysis of 21 trials, Van Vliet and colleagues (2006) found that
mono and triphasic formulations were equally effective for contraception and there were no
differences in the rates of discontinuation. Extended use OCs are also available (e.g., Seasonale),
where a woman can reduce the number of menstrual periods down to four a year by taking 84
straight days of active pills (Kiley & Hammond, 2007). Thus, Seasonale contains the same
formulation of hormones as other monophasic OCs, but removes the monthly seven day pill-free
interval. Extended use OCs have demonstrated long-term safety (Anderson, Gibbons, &
Portman, 2006) and are similar to standard 28-day cycle OCs in terms of contraceptive efficacy,
compliance, and satisfaction rates (Edelman, Micks, Gallo, Jensen, & Grimes, 2014). There is
also evidence suggesting that extended use OCs may reduce premenstrual symptoms (Coffee,
Kuehl, Willis, & Sulak, 2006; Edelman et al., 2014), although more research is needed in this
area.

Oral contraceptives contain a combination of estrogen and progesterone that inhibit LH,
FSH, and GnRH levels and thereby typically prevent ovulation from occurring (Rapkin, Biggio,
& Concas, 2006). Women taking OCs do not experience the characteristic rise of estrogen and
progesterone across the cycle and therefore they act as a naturally occurring control group for

menstrual cycle research (Fleischman, Navarrete, & Fessler, 2010). Thus, women taking OCs



show clear hormonal differences compared to naturally cycling women, including lower serum
levels of estradiol and progesterone (Fleischman et al., 2010; Kjeld, Puah, & Joplin, 1976), and
more recently evidence has emerged suggesting lower androgen levels. A recent meta-analysis of
over 40 studies concluded that OC use significantly decreased circulating levels of total and free
testosterone (Zimmerman, Eijkemans, Coelingh Bennink, Blankenstein, & Fauser, 2014).

Oral contraceptives differ in their level of androgenicity or androgen receptor binding,
which may have an effect on mood symptoms. Some formulations of OCs contain progestins
with high levels of androgenic activity (e.g., norgestrel, levonorgestrel), while other formulations
contain progestins with anti-androgenic properties (e.g., drospirenone, norgestimate; Chiang,
2005; Dickey, 2010). Research suggests that low androgenicity OCs may have a more favourable
effect on mood compared to high androgenicity OCs (Poromaa & Segebladh, 2012).

Research suggests that hormonal contraceptives may have a protective effect on mood. In
a review of the effects of OCs on mood, Oinonen and Mazmanian (2002) found that generally
speaking, OC users experience less variability in affect across the menstrual cycle and less
negative affect during menstruation compared to non-users. Monophasic OCs were found to
provide more mood stability compared to triphasic OCs (Oinonen & Mazmanian, 2002).
Furthermore, a recent study of a large sample of sexually active women in the United States
found that current hormonal contraceptive users (aged 25-34) had lower levels of depressive
symptoms compared to women using non-hormonal contraception or no form of contraception,
even when controlling for past depressive symptoms (Keyes et al., 2013). Oral contraceptives
can be helpful for women with severe premenstrual symptoms, as they have been shown to

improve negative mood symptoms (e.g., Nyberg, 2013).



Despite the seemingly protective effect of OCs on mood, there is a subset of women who
experience adverse mood and somatic symptoms when taking OCs (Oinonen & Mazmanian,
2002). Prospective studies suggest that between 4 and 10% of women experience deterioration in
mood or emotional well-being as a result of OC use, with these symptoms being most
pronounced during the pill-free interval of the cycle (Poromaa & Segebladh, 2012). A prior
history of depression or premenstrual mood symptoms, pregnancy-related mood symptoms,
family history of OC-related mood symptoms, and being in the postpartum period were several
factors that Oinonen and Mazmanian (2002) identified as increasing the risk for women
experiencing negative mood symptoms as a result of OC use. Use of OCs can also affect
symptom severity for existing psychological conditions. For instance, in a small retrospective
study of 16 patients diagnosed with OCD, Labad and colleagues (2006) found that 19% of
patients reported that OC use was associated with a change in OCD symptoms. Two patients
reported an improvement in symptoms and one patient reported a worsening of symptoms.
Therefore, OC use may represent an additional period of vulnerability to fluctuating hormone
levels in some women.

The postpartum period. Although depressive symptoms can occur during pregnancy,
the postpartum period is still recognized as a time of particular vulnerability for a range of mood
disturbances. There appears to be something unique about the postpartum period which triggers
index episodes of depression (Stowe & Nemeroff, 1995). Depressive symptoms can range
considerably in severity from the “baby blues” to postpartum depression.

The “blues” is the most common postpartum mood disturbance, occurring in 39 to 85%
of mothers (Spinelli, 1998). Symptoms include tearfulness, fatigue, dysphoria, mood lability,

irritability, insomnia, and fatigue (Heron, Craddock, & Jones, 2005; Steiner et al., 2003).
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Symptoms typically emerge in the first week postpartum, peaking around day 5, and subside by
the second week postpartum (Steiner et al., 2003). Due to the common occurrence of the blues
and the fact that symptoms typically resolve themselves, treatment is not generally sought for
this condition (Heron et al., 2005). However, women who experience the blues are thought to be
at a greater risk of developing postpartum depression (Spinelli, 1998; Steiner et al., 2003).
Therefore, in some cases the blues can endure and lead to more serious depressive symptoms.

Postpartum depression is a more severe form of the blues and occurs in between 10 to
15% of women following delivery (Steiner et al., 2003). For 50% of women who experience
postpartum depression, it is their first mood episode (Stowe & Nemeroft, 1995). Although the
diagnostic criteria for postpartum depression is the same as depression at any other stage of life,
the DSM-IV-TR includes additional symptoms which may be more specific to the postpartum
period such as mood lability, anxiety, preoccupation with the well-being of the infant, over-
intrusiveness, and disinterest or fear of being alone with the infant (American Psychiatric
Association, 2000). Similarly, Sharma (2005) refers to additional symptoms which may occur in
the postpartum including features of anxiety such as obsessionality, feeling inadequate as a
mother, and having a fear of harming the baby.

Menopause. By the age of 51, most women experience menopause, or the absence of
menstruation for 12 consecutive months (Burt & Stein, 2002). Perimenopause marks the 5 to 15
year period of gradual estrogen depletion until the cessation of menstruation, or amenorrhea
(Burt & Stein, 2002; Deecher, Andree, Sloan, & Schechter, 2008; Rapkin, Mikacich, Moataket-
Imani, & Rasgon, 2002). Perimenopause is a time of particular variability in estrogen levels as
menstrual cycles become more irregular closer to menopause (Douma, Husband, O’Donnell,

Barwin, & Woodend, 2005; Rapkin et al., 2002). The perimenopausal period has been found to
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be a time of heightened risk for developing depression. Women with a history of depression
during other reproductive events are especially at risk for relapse during perimenopause (Parry,
2008). A perimenopausal period of longer duration has also been found to increase the risk of
depression (Rapkin et al., 2002).

In terms of new onset of depression, Cohen, Soares, Vitonis, Otto, and Harlow (2006)
examined 460 pre-menopausal women between the ages of 36 and 45 with no prior history of
major depression. After controlling for age upon entering the study and negative life events,
women entering perimenopause were twice as likely to develop symptoms of depression
compared to women who did not begin the transition to menopause. A similar study of 231 pre-
menopausal women without a history of depression was conducted by Freeman, Sammel, Lin,
and Nelson (2006). After an eight year follow-up period, 43% of participants had begun
transitioning to menopause. Women who had begun the menopause transition were four times
more likely to have high depression scores compared to premenopausal women. Interestingly,
variability in mean estradiol levels was associated with high depressive scores, highlighting the
possible role of fluctuating estrogen levels in the development of depression.

Hormones and mood

The mood-altering effects of estrogen have been well documented. Estrogen receptors
have been found throughout the brain in areas such as the amygdala, the hippocampus, and the
hypothalamus, to name a few (Soares & Zitek, 2008; Wise, Felker, & Stahl, 2008). Estrogen has
been found to modulate a number of neurotransmitters such as serotonin, dopamine,
norepinephrine, glutamate, and GABA (Douma et al., 2005; Wise et al., 2008). Estrogen has
been found to act in accordance with the first class of antidepressants, the monoamine-oxidase

inhibitors (MAO-Is). The MAO-Is work by inhibiting the enzyme MAOQO, which is responsible
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for metabolizing monoamine neurotransmitters (e.g., norepinephrine, dopamine, serotonin)
lingering in the pre-synaptic terminal, thus increasing their availability (Meyer & Quenzer,
2005). Estrogen also breaks down MAO, thus causing antidepressant-like effects (Studd &
Panay, 2009). In addition, estrogen exerts influence on the expression of the serotonin reuptake
transporter (SERT) and activates other enzymes involved in increasing the availability of
serotonin (e.g., tryptophan hydroxylase; Deecher et al., 2008).

The importance of estrogen in the development of depression is also evidenced by the
effectiveness of estrogen therapy for treating depression across numerous reproductive events,
such as the postpartum (Ahokas, Kaukoranta, Wahlbeck, & Aito, 2001) and perimenopausal
period (de Novaes Soares, Almeida, Joffe, & Cohen, 2001; Gordon & Girdler, 2014). Cohen and
colleagues (2006) found that hormonal therapy acted as a preventive measure, as severe
depressive symptoms were less common among women who initiated hormonal therapy to
regulate their cycles or to manage perimenopausal symptoms. Hormone therapy has been
particularly publicized for use surrounding menopause due to its effects not just on mood, but
also on cognitive and vasomotor symptoms (Parry, 2010; Soares, 2010a). For women who have
experienced depression across several reproductive events, hormonal therapy may be a more
effective choice than antidepressants (Studd & Panay, 2009). Future studies should include head
to head trials of antidepressants and hormone therapy in women with depression, with and
without a history of depression across several reproductive events.

Hormonal theories of reproductive mood change. There is a strong link between mood
and reproductive events. Earlier age at menarche, irregular menstrual cycles, PMS, and PMDD
are all associated with an increased risk for developing depression (Bloch, Rotenberg, Koren, &

Klein, 2005; Harlow, Cohen, Otto, Spiegelman, & Cramer, 2004; Steiner et al., 2003). Previous
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research was heavily focused on examining differences in absolute levels of various hormones
such as estrogen and progesterone to explain the occurrence of depression across reproductive
events. However, differences have generally not been found between absolute hormone levels
and depressive symptoms across reproductive events. For instance, Klier et al. (2007) did not
find a relationship between total levels of estrogen and progesterone or the magnitude of change
in these hormones and depressive symptoms in the early postpartum period. In addition, PMS is
not thought to be related to abnormal levels of estrogen or progesterone, but occurs in women
who may be sensitive to normal hormonal fluctuations (Braverman, 2007; Studd & Panay, 2009).
Thus, examining the magnitude of hormonal changes may be an overly simplistic approach, as
hormonal profiles differ considerably across reproductive events. Progesterone levels increase
from late adolescence into the mid-twenties, but become more variable after age 35 and begin to
decrease as ovarian function gradually starts to decline (Ellison, 1993). During pregnancy,
progesterone and estrogen rise 10-and 50-fold over maximum menstrual cycle levels in the third
trimester and then drop dramatically within the first week following delivery (Bloch, Daly, &
Rubinow, 2003). In contrast to sudden hormone withdrawal, fluctuating estrogen levels are
associated with puberty, PMS, and the perimenopausal period (Douma et al., 2005).

The theory of hormonal sensitivity posits that mood disturbance across major
reproductive events can be caused by vulnerability to fluctuating hormone levels. According to
this model, reproductive events such as menarche, the premenstrual period, postpartum, and
perimenopause are seen as “windows of vulnerability” for mood disorders (Soares, 2010b). A
subgroup of women is thought to show a heightened sensitivity to intense hormonal fluctuations
across major reproductive events (Deecher et al., 2008; Soares, 2010b; Soares & Zitek, 2008).

This affective vulnerability in response to hormonal changes across reproductive events has been
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proposed as a reproductive subtype of depression (Payne, Palmer, & Joffe, 2009). More
specifically, this vulnerability to depression is thought to be biological, possibly resulting from
the interaction between estrogen and specific brain areas or neurotransmitter systems (e.g.,
serotonin; Payne et al., 2009).

The hormonal sensitivity theory has been likened to the kindling hypothesis (Post, 1992),
as women who experience depression at one reproductive event are thought to have an increased
risk for developing depression across additional reproductive events (Soares & Zitek, 2008). For
instance, a history of postpartum blues and severe PMS have both been found to be predictors of
depressed mood during the menopausal transition (Freeman et al., 2004; Woods et al., 2008).
Gregory, Masand, and Yohai (2000) examined mood across four major reproductive events (i.e.,
premenstrual phase, while taking hormonal contraceptives, postpartum period, and
perimenopausal period) in 72 women with a major depressive episode. The authors found
moderate correlations between premenstrual and perimenopausal mood ratings as well as
postpartum and perimenopausal mood ratings. Furthermore, severe depression across at least two
reproductive events was associated with earlier age at first treatment, bipolar disorder diagnosis,
and family psychiatric history. These results support the hypothesis that certain women may be
susceptible to mood difficulties across major reproductive events.

Hormonal sensitivity was examined in a rare double-blind experimental study by Bloch
and colleagues (2000), who mimicked the hormonal milieu of the postpartum period with
hormonal injections. Sixteen women participated, eight with a history of postpartum depression
and eight without such a history. After a baseline period, high levels of estradiol and
progesterone were administered to simulate pregnancy. The high levels of hormones were then

withdrawn and hypogonadal levels were maintained for four weeks followed by an eight week
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follow-up without medication. The results of this study found that 62.5% of women with a
history of postpartum depression developed significant mood symptoms compared to 0% of
women without such a history. Since hormone levels were kept the same across conditions, these
findings clearly show that women with a history of postpartum depression are sensitive to
changes in gonadal hormones. Although the hormonal sensitivity hypothesis has received
empirical support, it is important to remember that there are also additional factors already
known to contribute to the development of depression, such as genetics and vulnerability to
stress (Steiner, 2009). These factors may be independent of, or interact with, hormonal
sensitivity.

Anxiety across reproductive events

Given the significant degree of comorbidity between depression and anxiety, it is not
surprising to find that women also experience exacerbation in anxiety symptoms across
reproductive events. Comorbidity rates for anxiety and depression, when considering lifetime
diagnoses, are as high as 76% (Moses & Barlow, 2006). Depression and anxiety are thought to
share a common diathesis and are both subsumed under the higher order factor of negative
affectivity (Moses & Barlow, 2006).

Menarche. Consistent with research examining age at menarche and depression, studies
have shown that earlier age at menarche is also associated with increased risk of developing
symptoms of anxiety (Leen-Feldner, Reardon, Hayward, & Smith, 2008). After reviewing more
than 45 articles and controlling for age, Reardon and colleagues (2009) concluded that early
pubertal timing was consistently related to an increased risk of developing an anxiety disorder.

Premenstrual exacerbation. Individuals suffering from anxiety disorders commonly

experience a worsening of symptoms during the premenstrual or late luteal phase of the
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menstrual cycle. For instance, in a study by Hsiao, Hsiao, and Liu (2004), 52% of individuals
with pre-existing generalized anxiety disorder (GAD) and 36% of individuals with panic disorder
experienced a premenstrual exacerbation of their symptoms. Premenstrual exacerbation of
symptoms extends not only to mood and anxiety disorders but also to psychotic disorders
(Kornstein & Sloan, 2006). In a recent article examining sex differences and the DSM-5,
Kornstein (2010) recommends that “with premenstrual exacerbation” be added as a new specifier
akin to “with postpartum onset”.

Pregnancy and the postpartum. The term postpartum depression is frequently used as
an overarching term to describe any type of emotional distress following childbirth (Abramowitz
et al., 2010; Miller, Pallan, & Negri, 2006). However, the exclusive focus on postpartum
depression may be misleading, as there is a high prevalence of anxiety in pregnancy and the
postpartum period that can be overlooked and not properly treated. Recent research suggests that
anxiety may be even more prevalent than depression during pregnancy and the postpartum
(Wenzel, Haugen, Jackson, & Brendle, 2005). For instance, Lee and colleagues (2007) found
that anxiety was more prevalent than depression in antenatal assessments (54% versus 37%
respectively). Using DSM-IV criteria, Reck et al. (2008) examined over 1,000 postpartum women
across a three-month period and found that anxiety disorders were more common than depressive
disorders (11.1% versus 6.1%, respectively). It is also important to recognize that depressive
symptoms do not often occur in isolation. For example, Heron, O’Connor, Evans, Golding, and
Glover (2004) found that 43.7% of women experiencing postpartum depression also had
significant symptoms of anxiety at some point during pregnancy (i.e., early, middle, or late).
Similarly, Ross, Gilbert Evans, Sellers, and Romach (2003) found that up to 50% of women with

postpartum depression had comorbid anxiety.
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Although maternal anxiety is very common, it can cause significant impairment in
functioning across multiple domains and therefore warrants attention. Many women do not meet
criteria for GAD because their worries are specific to maternal concerns and not focused on a
range of topics, thereby excluding the diagnosis. Currently, these women tend to be classified
with either sub-threshold symptoms of GAD or with an anxiety disorder not otherwise specified
(ADNOS). For instance, Wenzel, Haugen, Jackson, and Robinson (2003) found that 4.4% of
women met criteria for GAD and 27.9% of women had sub-threshold generalized anxiety.
Wenzel et al. (2005) also found high rates of sub-syndromal GAD (19.7%). More recently,
Phillips, Sharpe, Matthey, and Charles (2009) found that 10.8% of women in the postpartum
period met criteria for GAD, with an additional 10.8% meeting criteria for ADNOS.

The high prevalence of anxiety and worry during pregnancy the postpartum period is
perhaps not very surprising, especially for first-time parents, given the heightened sense of
responsibility that occurs with having a highly dependent and vulnerable child and the impetus to
protect the child from harm (Fairbrother & Abramowitz, 2007). From an evolutionary
perspective there is a clear adaptive value to increased anxiety during pregnancy and the
postpartum period, as increased vigilance and attention to possible threats toward the infant
could directly impact the child’s chances of survival (Esel, 2010; Ross & McLean, 2006).
Therefore, it is important for clinicians to distinguish between “normal” anxiety and maternal
anxiety that is significantly interfering with a woman’s functioning and requires treatment.

Menopause. Li, Yu, Ma, Sun, and Yang (2008) reported a prevalence of 10.2% for
anxiety symptoms during perimenopause. Consistent with the hormonal sensitivity hypothesis,
having a history of PMDD was found to be a risk factor for experiencing anxiety symptoms

during the perimenopausal period. However, other authors have noted that based on
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methodological limitations of research examining anxiety during menopause, conclusions cannot
be made at this time. The few studies that have been done to date rely on retrospective reports or
cross-sectional designs and have used non-validated anxiety measures (Bryant, Judd, & Hickey,
2012). Furthermore, there is significant overlap between anxiety symptoms and the vasomotor
symptoms of menopause (e.g., hot flashes) that have not been adequately disentangled (Hickey,
Bryant, & Judd, 2012). Therefore, longitudinal research in this area with validated measures and
proper controls is needed before any strong conclusions can be drawn.

Obsessive-compulsive disorder and reproductive events

Obsessive-compulsive disorder (OCD) is defined by the presence of obsessions and
compulsions that are excessive or unreasonable, time consuming, and cause marked impairment
in daily functioning (American Psychiatric Association, 2000). Obsessions are defined as
intrusive thoughts, images, or impulses which occur and are experienced as distressing
(American Psychiatric Association, 2000). In order to decrease the anxiety associated with
obsessional thoughts or to try and suppress them, an individual feels driven to perform repetitive
behaviours or mental acts (i.e., compulsions).

Individuals suffering from OCD are often classified according to the following symptom
domains: harm obsessions and checking rituals, obsessions without overt compulsions,
contamination and washing/cleaning, and hoarding (Sookman, Abramowitz, Calamari, Wilhelm,
& McKay, 2005). Checking behaviour commonly occurs when there is excessive doubt over
actions (e.g., “Did I turn the stove off?””) or fear of harm to self or others (e.g., excessive
reassurance-seeking that a relative is safe; Sookman et al., 2005). Obsessions without
behavioural or overt compulsions can be more elusive compared to other OCD subtypes, but do

occur in at least one quarter of all cases of OCD (Sookman et al., 2005). An individual may feel
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compelled to repeat a specific word in their head for a predetermined number of times in order to
prevent something catastrophic from happening (e.g., a car accident). An individual with
contamination obsessions may fear contracting an illness when using a public washroom. This
fear may cause the individual to engage in compulsive cleaning behaviour after using a public
bathroom, avoidance of public bathrooms altogether, or use of precautionary strategies such as
using their elbow to open the bathroom door (Rachman, 2004). Finally, hoarding involves
excessive acquisition and accumulation of items which the individual feels emotionally
connected to and has difficulty discarding. Although hoarding was long conceptualized as a
subtype of OCD, the DSM-5 now considers hoarding to be its own disorder (American
Psychiatric Association, 2013).

Sex differences exist in both the prevalence and presentation of OCD symptoms. Among
children, OCD is up to three times more common in boys compared to girls, a difference that
disappears once puberty hits (McLean & Anderson, 2009). In one study of over 200 outpatients
with OCD, age of onset was significantly younger in men (M = 22) compared to women (M =
26), and women were more likely to be married and have children compared to men (Castle,
Deale, & Marks, 1995). Furthermore, women are twice as likely to have contamination
obsessions and cleaning compulsions compared to men (Labad et al., 2010), and men are more
likely to have sexual and religious obsessions and symmetry and exactness compulsions
(Altemus, Sarvaiya, & Epperson, 2014).

Several lines of evidence point to the influence of hormones and reproductive events on
OCD symptoms. The timing of OCD onset has been found to cluster around major reproductive
events such menarche, pregnancy, and the postpartum. Furthermore, as noted below, in cases of

pre-existing OCD, symptoms tend to worsen across pregnancy, the postpartum period, and
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during menopause. However, it should be noted that many of the studies described below (e.g.,
Labad et al., 2005, 2010; Vulink, Denys, Bus, & Westenberg, 2006; Williams & Koran, 1997)
involve retrospective reporting of the onset or exacerbation of OCD symptoms across major
reproductive events as opposed to the use of prospective daily measures, and thus should be
interpreted cautiously.

Menarche. Labad and colleagues (2005, 2010) found that the onset of OCD occurred at
the time of menarche for 22% of outpatients surveyed. Compared to other symptom dimensions
of OCD, hoarding was four times more likely to occur in the year surrounding menarche (Labad
et al., 2010).

The menstrual cycle. The menstrual cycle itself has been found to impact OCD
symptom severity. Premenstrual worsening of OCD symptoms has been frequently observed and
ranges from 20% (Labad et al., 2005) to 49% of women sampled (Vulink et al., 2006).

Hormonal sensitivity in individuals with OCD is also evidenced by the high rates of PMS
and PMDD. For instance, Williams and Koran (1997) found that 21% of outpatients with OCD
who were sampled experienced dysphoric symptoms pre-menstrually. Kim and colleagues
(2004) found a rate of 11% for OCD in women who presented for treatment at a PMS clinic. In a
sample of 101 women with OCD (Vulink et al., 2006), 11% experienced comorbid PMDD, and a
striking 82% of these women experienced premenstrual exacerbation of OCD symptoms.

Pregnancy and the postpartum. A recent meta-analysis found that pregnant and
postpartum women were approximately 1.5 to 2 times more likely to experience OCD compared
to women in the general population (Russell, Fawcett, & Mazmanian, 2013). Research suggests
that the postpartum period may be a time of particular vulnerability for obsessive-compulsive

disorder. Prevalence rates for OCD have been found to be higher in the postnatal period
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compared to pregnancy (Misri & Kendrick, 2007; Ross & McLean, 2006), with estimates
ranging from 7 to as high as 47% (Labad et al., 2005; Leight, Fitelson, Weston, & Wisner, 2010;
Miguel et al., 2005). Maina, Albert, Bogetto, Vaschetto, and Ravizza, (1999) found that in eight
cases of OCD surrounding childbirth, onset occurred in the postpartum as opposed to pregnancy
in all women examined, although premorbid symptoms had been present before pregnancy.

In the postpartum period obsessional thoughts revolve primarily around accidental harm
to the baby, fear of being separated from the infant, fear of contamination related to the infant,
and fear of criticism of one’s competency as a mother (Misri & Kendrick, 2007). However, many
women have thoughts or images of deliberately harming their child that are clearly extremely
distressing (McGuinness, Blissett, & Jones, 2011). Common compulsions include excessive
checking and cleaning behaviours (Misri & Kendrick, 2007).

The postpartum period has also been found to exacerbate pre-existing OCD to a greater
extent than pregnancy. For instance, Labad et al. (2005) reported symptom exacerbation in 8% of
women with OCD during pregnancy compared to 50% during the postpartum period. In a study
by Vulink and colleagues (2006), OCD symptoms were more likely to worsen during the
postpartum period (48%) compared to pregnancy (33%) in women diagnosed with OCD.

Given the heightened level of stress associated with having a baby, it is not surprising to
find that men also experience the onset of OCD symptoms at this time. However, prevalence
rates for men linger around 5%, which is considerably lower than the rates observed for their
female counterparts and suggests that hormones may be influential for women (Labad et al.,
2005).

Women with OCD appear to be at a greater risk for developing postpartum depression

Misri & Kendrick, 2007). For instance, Williams and Koran (1997) found that 37% of their
(
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sample of 24 outpatients diagnosed with OCD who gave birth experienced postpartum
depression, nearly double the expected rate. A literature review by Vulink and colleagues (2006)
estimated 37 to 60% comorbidity between OCD and depression in the postpartum. In a study by
Abramowitz and colleagues (2010), women who were classified as depressed according to the
Edinburgh Postnatal Depression Scale (EPDS) had significantly higher compulsion scores on the
Yale-Brown Obsessive Compulsive Scale (Y-BOCS). Obsessive thoughts are more likely to
accompany depressive episodes with postpartum onset as opposed to onset outside this window
(57% vs. 36%; Wisner, Peindl, Gigliotti, & Hanusa, 1999).

Similar risk factors have been observed for postpartum depression and OCD. Maina and
colleagues (1999) found that postpartum OCD was significantly associated with obstetric
complications such as ceasarean section, which has also been found to be a risk factor for
postpartum depression (Josefsson et al., 2002). Labad et al. (2005) examined outpatients
diagnosed with OCD and found that the greater the number of PMS symptoms women
experienced, the more likely they were to experience the onset or worsening of OCD during the
postpartum period. The fact that the premenstrual and postpartum period are both associated with
fluctuating hormone levels and that both OCD and PMS symptoms respond to treatment with
selective serotonin reuptake inhibitors (SSRIs) is consistent with the hormonal sensitivity
hypothesis (Labad et al., 2005).

Subclinical OCD symptoms during pregnancy and the postpartum. Maternal
preoccupations have been found to resemble obsessive-compulsive symptoms (Leckman et al.,
1999). Sub-clinical obsessive and compulsive behaviour, among women without a history or
diagnosis of OCD, appears to be extremely common in the postpartum period (Misri &

Kendrick, 2007). For instance, Abramowitz and colleagues (2010) found that 87% of postpartum
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women endorsed having at least one intrusive thought, with the two most common intrusive
thoughts involving the infant dying of sudden infant death syndrome (SIDS; 57%) and thoughts
of the infant suffocating (52%). Women reporting intrusive thoughts also used neutralizing or
ritualistic strategies in response to these thoughts, with the most common being reassurance that
everything is okay (72%) and checking on the baby more frequently (68%). Thirty-eight percent
of women had clinically significant obsessive compulsive symptoms according to the Y-BOCS,
whereas the majority of women experienced only mild obsessive-compulsive symptoms.

The focus of maternal preoccupations was further explored by Brockington, Macdonald,
and Wainscott (2006) in the course of interviewing 129 mothers. In the prepartum, the most
frequent fear expressed was of foetal abnormality (43%), followed by fear of foetal death (40%),
inadequacy as a mother (32%), and fear of inadequate support (21%). Despite these high rates of
reported fears, they were only clinically significant in 2-9% of women. Fear of foetal death was
more likely to be reported by women who experienced the death of an infant in utero, multiple
miscarriages, stillbirths, and infertility problems. Where losing a child increased maternal
preoccupations in subsequent pregnancies, in general the unfamiliarity with pregnancy in
primiparous (or first-time) mothers leads to significantly higher anxiety and greater
preoccupation with their baby compared to multiparous mothers (Eberhard-Gran, Tambs,
Opjordsmoen, Skrondal, & Eskild, 2003; Leckman et al., 1999; Maina et al., 1999). Maternal
preoccupations in the postpartum period were parallel to those in pregnancy, with morbid anxiety
about the infant’s health and safety the most common (32%), followed by pathological fear of
crib death (29%). These fears were associated with sleep deprivation and frequent checking of

the infant throughout the night to ensure the child was still breathing. Additional fears included
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fear of criticism or removal of child (19%) and fear of lack of support (16%). Although
frequently endorsed, these fears caused significant impairment in only 5 to 12% of women.

Leckman and colleagues (1999) also found a high rate of maternal worry with over 80%
of mothers worried that something bad would happen to their baby. With over 90% of women
reporting checking on their babies (Leckman et al., 1999), this behaviour is clearly adaptive.
Whereas most women reported checking on their babies in response to some type of signal from
the infant, 75% of parents admitted to checking behaviour even when they subjectively knew
that everything was okay. Thus, excessive anxiety and checking could possibly represent the
over-activation of an adaptive behaviour meant to increase parental responsiveness and bonding.
Given that the majority of women do experience some degree of obsessive-compulsive
symptoms during pregnancy or the postpartum, maternal preoccupations should be viewed on a
continuum or dimensionally rather than categorically. It remains unclear whether or not we are
over-pathologizing the occurrence of anxiety at a time where it is advantageous.

Menopause. Although research in this area is currently limited, menopause does appear
to be associated with an exacerbation of OCD symptoms. For instance, Labad et al. (2005)
reported worsening of OCD symptoms in 8% of women during menopause. In addition, Vulink
et al. (2006) found that 47% of women with OCD going through menopause experienced
symptom exacerbation. Clearly further research is needed to clarify the course of symptoms at
this time.
Evolutionary models of OCD

The evolutionary value of increased anxiety and preoccupation with a newborn infant is
clear, as increased vigilance increases the chance of infant survival (Esel, 2010; Ross & McLean,

2006). Human infants, unlike most other species, are born into the world completely dependent
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on their mother for survival. Women are highly invested in their offspring given the fact that a
woman has a limited number of potential opportunities to reproduce across her lifetime (Hahn-
Holbrook, Holbrook, & Haselton, 2011). Furthermore, only recently have infant mortality rates
fallen due to increased quality of living and advanced medical care (Leckman et al., 1999). Not
only would losing a child be devastating for a mother, but it would also dramatically reduce her
reproductive success (Hahn-Holbrook et al., 2011). Therefore, obsessive thinking and ritualistic
behaviour that led to harm avoidance would be adaptive in the sense that it increased infant
survival and successful reproduction, thereby increasing the likelihood of natural selection of
these traits (Eilam, Izhar, & Mort, 2011).

This line of reasoning has led to evolutionary accounts of OCD, which suggest that
individuals with OCD have an exaggerated or pathological form of an adaptive mechanism that
helps to protect offspring from real or potential threats (Eilam et al., 2011; Hahn-Holbrook et al.,
2011; Woody & Szechtman, 2011). This potential mechanism has been described as a
motivational system and has received several labels, including the “hazard-precaution system”
and the “security motivation system” (Woody & Szechtman, 2011).

When individuals are highly sensitive to potential threats their security motivation system
becomes hyperactive, which initiates behaviour aimed at reducing the subjective feeling of
danger or that things are “not right.” However, individuals with OCD do not stop after
completing a ritualistic behaviour because they do not receive a proper stop-signal (Eilam et al.,
2011). Researchers have described this stop signal as a “sense of knowing”, or yedasentience
(Szechtman & Woody, 2004). Often times there is no clear stop-signal from the environment and
it must be generated within the individual (Woody & Boyer, 2011). For instance, the smell of

rotting food motivates us to throw it out, but an individual with OCD may be unsure whether to
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throw out the food beside it as it may also be contaminated. In other words, an internal stop
signal is not generated to conclude that the correct precautions have been made and it is now safe
to stop. Therefore, excessive activation of the security motivation system and improper inhibition
of the system is thought to be the underlying mechanism of OCD.

The security motivation system differs from that of a fear based, flight-or-fight response
to an easily identifiable threat or danger (e.g., encountering a bear in the woods). In contrast, it is
more focused on anticipated or hidden threats (e.g., potential contamination) that are more
difficult to predict and have a high cost (Woody & Szechtman, 2011). Whereas fear commonly
encourages avoidance behaviour, the security motivation system is geared more towards the
engagement of preventative behaviour (e.g., washing; Woody & Szechtman, 2011). Brain areas
activated upon imagination of future scenarios are the same regions implicated in OCD (Brune,
2006). This suggests that individuals with OCD are cognizant of future events and tend to engage
in behaviour that would prevent anticipated danger (Brune, 2006). Therefore, it has been
hypothesized that individuals with OCD should be less likely to engage in risky behaviour.
Cognitive theory of OCD

According to the cognitive model of OCD, it is not the intrusive thoughts alone that cause
distress but the significance and meaning attributed to these thoughts (Salkovskis, 1999). The
majority of individuals experience intrusive thoughts but individuals with OCD attribute greater
meaning and significance to these thoughts. For instance, a new mother may have an intrusive
thought of harming her infant and believe that this thought speaks to her “true” feelings about the
infant or she may become afraid that she will harm the infant (Abramowitz, Schwartz, Moore, &

Luenzmann, 2003). Due to the significance attributed to intrusive thoughts, individuals with
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OCD increase their efforts to control their thoughts using thought suppression or they engage in
rituals to “neutralize” the negative thoughts (e.g., by repeating positive thoughts).

The belief that having a thought increases the likelihood of it occurring is referred to as
thought-action fusion (Smari & Hélmsteinsson, 2001). There are two components to thought
action fusion: a negative thought increases the likelihood of a negative event happening to the
self or others, and that having a thought is the moral equivalent of committing the act in question
(e.g., thinking about smothering your child is the equivalent of actually smothering your child;
Smari & Holmsteinsson, 2001). Thought-action fusion has been found to be significantly more
likely in individuals with obsessional thinking compared to non-obsessionals or “normal” control
groups (Shafran, Thordarson, & Rachman, 1996). Additional beliefs surrounding the
uncontrollability and danger of thoughts have also been found to predict obsessive-compulsive
symptoms (Myers & Wells, 2005).

Inflated responsibility, or the belief that an individual has the power to cause an event or
prevent an event from happening, is another important cognitive component of OCD (Myers &
Wells, 2005). For instance, believing you caused a fellow student to suffer an anaphylactic shock
in the library because you did not clean up your peanut butter cookie crumbs earlier that day
(Purdon & Clark, 2005). Similarly, if an individual with OCD has an intrusive thought about a
loved one being involved in a car accident and the loved one is involved in an accident several
days later, the individual is likely to believe that their thought caused the accident (Shafran et al.,
1996). Clearly these beliefs would cause significant distress for the individual. Responsibility
beliefs were found to mediate the relationship between intrusive thoughts and obsessive-
compulsive symptoms (Smari & Holmsteinsson, 2001). An inflated sense of responsibility can

also occur due to major situational changes, such as the birth of a child (Salkovskis, Shafran,
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Rachman, & Freeston, 1999). Infants are born totally dependent on their parents for care and
safety, which can cause a heightened sense of responsibility and lead to maternal preoccupations
and frequent checking to ensure the infant is not in harm’s way (Leckman et al., 2004).

Many constructs that are important for the development and maintenance of OCD (e.g.,
inflated responsibility beliefs) as well as symptoms of OCD (e.g., excessive washing) can be
conceptualized as strategies for reducing harm (Brune, 2006). Alonso and colleagues (2008)
found that outpatients diagnosed with OCD had significantly higher harm avoidance scores and
lower novelty-seeking scores (according to the Temperament and Character Inventory) compared
to matched controls. Similarly, Ettelt and colleagues (2008) found that individuals diagnosed
with OCD had higher harm avoidance scores (assessed using Cloninger's Tridimensional
Personality Questionnaire) compared to age and sex-matched controls. Furthermore, the first
degree relatives of individuals diagnosed with OCD had higher levels of harm avoidance
compared to first degree relatives of control subjects. Anxiety in general is associated with risk-
avoidance as decision-making is associated with the overestimation of the probability and
severity of negative outcomes (Maner, 2009).

Disgust also plays a role in harm avoidance. Sensation seeking was found to negatively
correlate with scores on the Disgust Scale (Rozin, Haidt, McCauley, Dunlop, & Ashmore, 1999).
In a study by Fessler, Pillsworth, and Flamson (2004), a mood induction procedure was used to
examine the influence of different emotions on risk-taking behaviour. Men in the anger condition
displayed significantly more risk-taking behaviour in a gambling task than men in the control
condition. In contrast, women were found to be less likely to engage in risk-taking behaviour

following a disgust induction compared to women in the control condition.
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Cross-cultural differences in personality have been found according to the prevalence of
infectious disease. Consistent with their hypothesis, Schaller and Murray (2008) found that
disease prevalence significantly negatively correlated with sociosexuality, extraversion, and
openness to experience. In essence, the risk of disease transmission increases when people
expose themselves to unfamiliar people and practices (Schaller & Murray, 2008). Therefore,
people living in areas with increased disease prevalence tended to exhibit a more cautious
disposition. Similarly, individuals who are prone to contamination fears should be less likely to
engage in risky behaviour (e.g., unprotected sex).

There also appear to be consistent sex differences in risk-taking. In a meta-analysis of
150 studies, Byrnes, Miller, and Schafer (1999) concluded that men engage in greater risk-taking
compared to women. The effect size was small but meaningful (d = 0.13), indicating an
approximate 6% difference in the likelihood of engaging in risky behaviour (e.g., unsafe driving)
between men and women. However, the authors warn that there is variability in estimates
depending upon age and specific contexts. In other words, men are more likely overall to engage
in risky behaviour compared to women, but there are specific situations where these sex
differences disappear (e.g., smoking). These findings support examining both overall risk-taking
as well as risk-taking within specific domains.

Disgust sensitivity

Disgust is one of six basic human emotions that are easily recognizable across cultures,
along with happiness, sadness, fear, anger, and surprise (Brune, 2006). The characteristic
expression of disgust consists of a wrinkled brow-line and raised upper lip (Jhung et al., 2010;
Rozin, Haidt, & McCauley, 1999). Gaping of the mouth is also common in relation to food and

can be seen even among rats (Curtis, de Barra, & Aunger, 2011). Physiologically, disgust is
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associated with a feeling of nausea and can cause a gagging reflex or vomiting (Rachman, 2004).
Brain structures such as the insula and putamen are critical for recognizing and expressing
disgust. For instance, a patient (N.K.) with damage to the insula and putamen was significantly
less able to recognize facial and vocal expressions of disgust compared to controls, although no
differences were observed across the other primary emotions (Calder, Keane, Mane, Antoun, &
Young, 2000). In addition, when the insula was electrically stimulated by the famous
neurosurgeon Wilder Penfield, patients experienced unpleasant tastes and feelings of nausea
(Calder, Lawrence, & Young, 2001). The basal ganglia are also activated when viewing or
smelling disgust-provoking stimuli or recalling autobiographical memories of disgust (Curtis et
al., 2011). Brain regions found to be involved with processing disgusting stimuli in an fMRI
study included the insula, ventrolateral prefrontal cortex, temporal pole, putamen—globus
pallidus, dorsal anterior cingulate gyrus, and the visual cortex (Mataix-Cols et al., 2008).
Disgust was initially defined narrowly as a reaction that facilitated the rejection of food
(Haidt, McCauley, & Rozin, 1994), but is now viewed more broadly as being potentially induced
across a variety of stimuli. Haidt and colleagues (1994) were the first to create a measure of
disgust that captured individual differences in disgust sensitivity and identified the different
domains of disgust. Following a rational-empirical approach to test construction, a list of
disgusting objects and actions was created and continually refined based on item-analysis across
four samples of respondents. The final Disgust Scale consisted of eight domains: food (e.g.,
spoiled milk), body products (e.g., vomit, mucous), animal (e.g., cockroach, maggot), sex (e.g.,
incest), personal hygiene (e.g., not letting your body touch a public toilet), envelope violations
(e.g., seeing someone’s intestines exposed), death (e.g., touching a dead body), and magical

thinking (e.g., chocolate shaped like dog poop; Haidt et al., 1994). According to a two-stage
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theory of disgust, the first three domains pertain to core disgust whereas the next four pertain to
animal-reminder disgust. The last domain, magical thinking, is thought to occur across many
disgust situations and therefore is not considered its own distinct disgust elicitor. Whereas core
disgust is viewed as an oral defense (or a first line defense against contaminated foods), animal-
reminder disgust corresponds to stimuli that remind us of our own mortality, or animal nature.

Disgust has also been conceptualized more broadly to include sexual and moral disgust.
Tybur, Lieberman, and Griskevicius (2009) propose a multidimensional model of disgust based
on factor analysis that consists of pathogen, sexual, and moral disgust. Pathogen disgust aids in
the avoidance of potential contaminants and is elicited by exposure to stimuli such as dead
bodies or feces. In contrast, sexual disgust motivates avoidance of sexual behaviour such as
inbreeding that result in decreased reproductive success. Finally, moral disgust motivates
avoidance of individuals who engage in antisocial activities such as stealing that from an
evolutionary perspective would have a high cost on one’s social group. This model is reflected in
the Three Domain Disgust Scale created by the authors, with research showing discriminant
validity across the three domains of disgust.

Baumeister, Vohs, and Funder (2007) point out the possible discrepancy between self-
reports and actual behaviour. Therefore, it is important to consider the predictive validity of
questionnaires. Studies have shown that questionnaire measures of disgust do indeed predict
actual behaviour. In an fMRI study Mataix-Cols et al. (2008) found that high trait disgust
sensitivity predicted greater brain activation in response to viewing disgusting pictures from the
International Affective Picture System. In a series of experiments examining the predictive
validity of the 32-item Disgust Scale, Rozin, Haidt, McCauley, Dunlop, et al. (1999) found that

willingness to engage in disgust-provoking tasks (e.g., touching or picking up a mealworm) was
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significantly correlated with Disgust Scale total scores from two months earlier (» = -.41) and at
the time of testing (» = -.51). In addition, the authors found that questionnaire scores were not
associated with factors such as embarrassment (e.g., touching an unused tampon or condom) and
compliance (i.e., general willingness to engage in unpleasant tasks), that added variance to the
prediction of behavioural tasks. Deacon and Olatun;ji (2007) found that Disgust Scale scores
predicted increased anxiety and avoidance of behavioural tasks involving exposure to a used
comb, a cookie on the floor, and a bedpan filled with toilet water. Finally, scores on the core,
animal-reminder, and contamination subscales of the Disgust Scale-Revised were found to
predict specific behavioural patterns. Core disgust, animal-reminder disgust, and contamination
disgust uniquely predicted visual avoidance of a video depicting the consumption of coagulated
cow blood, surgery, and potential contaminants, respectively (Olatunji, Haidt, McKay, & David,
2008).

The role of disgust in OCD symptomatology. Fear has been characterized as the
prominent emotion associated with anxiety disorders, with little focus on disgust (Rachman,
2004). Nevertheless, researchers are now increasingly becoming aware of the role of disgust in
the development of anxiety disorders such as OCD. Disgust has been strongly linked to disease
avoidance. For instance, Stevenson, Case, and Oaten (2009) found evidence for disgust
sensitivity as an adaptive mechanism for preventing illness. In a sample of over 600 university
students, higher disgust sensitivity and contamination scores (as measured by the Padua
Inventory) significantly predicted fewer recent infections. Disgust may be particularly important
in the development of contamination fears. Individuals with OCD often report feelings of disgust
rather than fear in the presence of contaminated objects, which leads to excessive washing to

reduce these feelings (Tolin, Woods, & Abramowitz, 2006). McKay (2006) reported that
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individuals suffering from the contamination subtype of OCD were slower to habituate to
disgust-provoking stimuli across exposure sessions compared to individuals with non-
contamination OCD symptoms. Furthermore, functional magnetic resonance imaging (fMRI)
experiments have shown that metabolic activity in the insula correlates with Y-BOCS scores and
Padua Inventory—Revised (PI-R) scores, particularly washing symptoms (Calder et al., 2001;
Mataix-Cols et al., 2004).

Over the course of history, humans have developed a physiological immune system that
is quick to respond to pathogens and foreign material after it has invaded the body. However, it
is also possible that humans have developed a “behavioural immune system” to avoid infection
altogether (Neuberg, Kenrick, & Schaller, 2011; Van Vugt & Park, 2009). Disgust can help
species avoid potential contaminants and infectious disease by either recognizing cues of
potential contamination before direct exposure, or ridding the body of contaminants after
exposure (e.g., vomiting; Lienard, 2011; Rozin, Haidt, & McCauley, 1999). For instance, the
appearance of rotting food elicits a feeling of disgust that enables us to avoid eating a
contaminated substance that could cause infection. On the other hand, experiencing disgust upon
eating an unknown but dangerous food source may cause vomiting, ridding of the body of a
potential toxin.

Just as the physiological immune system can overreact to normal tissues in the body (as
in the case of an autoimmune disease), so too can the behavioural immune system perceive
potential threats of contamination or disease that are actually harmless (Neuberg et al., 2011).
Sympathetic magic works according to this principle, as a secondary object can acquire the
properties of a contaminated object through physical contact. For example, Olatunji, Lohr,

Sawchuk, and Tolin (2007) asked participants to pick up a pencil that had been dropped in the
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toilet and then sanitized. Participants in the high OCD symptom group were significantly more
likely to refuse to comply with the task than participants in the low OCD symptom group.
Through the endorsement of a number of irrational beliefs individuals can come to believe that
an object is contaminated even when there is no objective threat (Olatunji, Lohr, et al., 2007).
For instance, people are reluctant to drink from a water fountain on top of a toilet despite no
objective threat of contamination.

Sympathetic magic dates back to writings from the early 1900’s that attempted to explain
the universal principles underlying magic (Nemeroff & Rozin, 1994). In the disgust literature
sympathetic magic refers to the beliefs about the transmission of contagion (Olatunji et al.,
2007). Researchers have identified two primary laws of sympathetic magic: the law of contagion
and the law of similarity (Rozin, Millman, & Nemeroff, 1986). The “chain of contagion”
procedure by Tolin, Worhunsky, and Maltby (2004) clearly demonstrates the law of contagion,
or “once in contact, always in contact” (Oaten, Stevenson, & Case, 2009, p. 312). The chain of
contagion procedure involved a pencil being touched to a contaminated object, and then a second
pencil was touched to the first, and so on until 12 pencils had been used. Anxious and non-
anxious control participants reported that the threat of contamination quickly decreased with the
addition of pencils and by the end of 12 pencils reported a 100% drop in contamination ratings.
In contrast, individuals diagnosed with OCD only reported a 40% drop in contamination ratings
following the last pencil. Despite 12 degrees of removal from the original source of
contamination, participants with OCD still endorsed a high contamination rating. Thus, an
essence of the original contaminant still existed and could not be eliminated. No differences were

reported across groups when a non-threatening object was used (i.e., a piece of candy).
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The law of similarity refers to the belief that objects that are similar share the “same
essence” (Oaten et al., 2009). For example, in a study by Rozin and colleagues (1986),
participants were given two pieces of the same chocolate fudge, one in the shape of a disc and
another in the shape of dog feces, and were asked to rate their desire for each piece of fudge. The
fudge in the shape of dog feces was given significantly lower ratings compared to the fudge in
the shape of a disc. Although these beliefs are irrational, they are clearly adaptive as it is safer to
avoid an object that has come into contact with a contaminant at some point in time or resembles
a known pathogen (Oaten et al., 2009).

Disgust has also been associated with OCD symptoms in non-clinical samples. In a study
by Olatunji, Lohr, and colleagues (2007) introductory psychology students were separated into a
high and low OCD symptom group based on contamination scores on the Padua Inventory. The
high OCD symptom group was less likely to engage in a series of behavioural avoidance tasks
(e.g., picking up a pair of stained underwear) and found them more disgust-provoking than the
low OCD symptom group. Several other researchers have also found that disgust sensitivity
predicted obsessive-compulsive symptoms in a non-clinical sample (Mancini, Gragnani, &
D’Olimpio, 2001; Murisa et al., 2000; Tolin et al., 2006). Disgust sensitivity has been found to
most strongly predict cleaning and washing symptoms (Mancini et al., 2001; Murisa et al., 2000;
Tolin et al., 2006). Whereas disgust is most associated with cleaning and washing subscales,
anxiety and depression were found to be better predictors of the impulses and rumination
subscales of the Padua Inventory-Revised (Mancini et al., 2001). Furthermore, the relationship
between disgust sensitivity and OCD contamination symptoms has been found to be independent

of trait anxiety across several studies (Mancini et al., 2001; Moretz & McKay, 2008; Olatunji,
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Cisler, McKay, & Phillips, 2010; Olatunji, Sawchuk, Arrindell, & Lohr, 2005; Tolin et al.,
20006).

Sex differences in disgust: The potential role of progesterone. Research has shown
that women have greater disgust sensitivity compared to men (Druschel & Sherman, 1999;
Murisa et al., 2000). For instance, Haidt et al. (1994) found that women scored a full standard
deviation higher on the Disgust Scale than men. In a study by Rohrmann, Hopp, and Quirin
(2008) women and men were shown pictures and film clips to elicit disgust (e.g., viewing an
amputation). Across both pictures and films, women consistently showed greater disgust
responses compared to men. In addition to self-reports women showed greater skin conductance
to disgust-eliciting stimuli than men. Tybur and colleagues (2009) also found that women scored
consistently higher than men in terms of disgust sensitivity, with a large effect size for the sexual
domain and small effect sizes for the moral and pathogen domains. In a large sample of
undergraduate students, Olatunji and colleagues (2005) found that disgust sensitivity predicted
contamination fears, with a greater effect for women than men. The authors also found support
for disgust sensitivity mediating the relationship between sex and contamination fears. A
consensus regarding the cause of observed sex differences in disgust sensitivity is yet to be
established.

It has been argued that greater disgust sensitivity in women is a function of women
scoring higher than men in neuroticism. Neuroticism, as generally assessed by the NEO
Personality Inventory-Revised, measures the six personality facets of anxiety, depression, angry
hostility, self-consciousness, impulsiveness, and vulnerability (Costa & McCrae, 1992). Women
are 2 to 3 times more likely to experience depression in comparison to men (Curtis et al., 2011).

Disgust sensitivity has been found to be positively related to neuroticism and negatively related
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to openness to experience (Druschel & Sherman, 1999; Olatunji et al., 2008). Thus, individuals
who are high on neuroticism are more likely to experience negative affect, including disgust
(Druschel & Sherman, 1999). However, studies also suggest that disgust sensitivity is distinct
from anxiety and depression. For instance, Olatunjia, Lohr, et al. (2007) found that participants
in the high OCD symptom group experienced greater disgust sensitivity even when negative
affect scores were controlled. Similarly, Tolin and colleagues (2004) found that anxious and non-
anxious control participants performed similarly in their chain of contagion procedure and did
not show the same degree of sympathetic magic beliefs as the OCD group.

It is also possible that there is a hormonal mechanism underlying the sex differences in
disgust sensitivity. Not only are women more likely than men to have obsessions and
compulsions concerning contamination, but the onset and exacerbation of OCD symptoms is
closely tied to reproductive events such as menarche and pregnancy (Lienard, 2011). These
reproductive times correspond to times of increased progesterone levels. Progesterone levels rise
after ovulation and are highest in the mid-luteal phase of the menstrual cycle. If conception does
not occur progesterone levels decrease. If conception does occur, progesterone levels rise across
pregnancy (Fessler, 2002). Whereas estrogen has a stimulating response on the immune system,
progesterone suppresses the immune system (Druckmann, 2001). The suppression of the immune
system by progesterone ensures that conception can in fact occur without the embryo being
rejected (Lienard, 2011). In short, high progesterone levels stimulate the production of
progesterone-induced blocking factor (PIBF), which stimulates T Helper cells and thereby
decreases Natural Killer cells (Fessler, 2002). Therefore, foreign paternal material is less likely

to be attacked by the body, but as a consequence women become more susceptible to infection

(Fessler, 2002; Fleischman & Fessler, 2011).
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Given the fact that the immune system is reduced when progesterone levels are increased,
it would be adaptive to develop behavioural strategies to ensure avoidance of potential
contaminants at these times. The idea that disgust sensitivity increases to compensate for greater
vulnerability to infection during times of immunosuppression has been termed the compensatory
prophylaxis hypothesis (Fessler, Eng, & Navarrete, 2005). In other words, changes in the
physiological immune system spark commensurate changes in the behavioural immune system to
help avoid exposure to infectious agents (Curtis et al., 2011). Consistent with this hypothesis,
healthy faces have been found to be more strongly preferred during times of immunosuppression
(or high progesterone). Jones, Perrett, and colleagues (2005) found that women preferred the
faces of men that were pre-rated as healthy compared to unhealthy more when they were in the
luteal phase of the menstrual cycle versus the follicular phase (in the context of a short-term
relationship). Similarly, pregnant women had a stronger preference for healthy faces compared to
non-pregnant women (Jones, Perrett, et al., 2005). Furthermore, women who perceive
themselves as more vulnerable to disease also show stronger preferences for healthy faces, which
would potentially decrease the likelihood of interacting with individuals who could transmit
disease (Welling, Conway, Debruine, & Jones, 2007). Conway and colleagues (2007) found that
women were more sensitive to cues of nearby threat and contagion when their progesterone
levels were higher. More specifically, when progesterone levels were high participants rated
disgusted and fearful facial expressions as more intense when the gaze was averted versus direct.
However, there was no difference in intensity of happy facial expressions with direct versus
averted gaze. The authors state that averted gaze signals the presence of a nearby physical threat

or source of contagion. Thus, women with higher progesterone levels were more sensitive to
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recognizing facial cues signaling threat or contagion. This heightened sensitivity to potential
threats with increased progesterone is thought to be adaptive for protecting the fetus from harm.

Several researchers have conceptualized food aversions and morning sickness during
pregnancy as adaptive mechanisms for reducing the risk of infection at times that are critical for
reproductive success. Food aversions are closely linked with disgust sensitivity. Lesions to the
insula (a region of the brain critical for experiencing disgust) in rats results in difficulty acquiring
taste aversions (Calder et al., 2001). After reviewing 41 studies, Flaxman and Sherman (2000)
reported that as many as 65% of pregnant women experienced food aversions. Food aversions
were significantly more likely to occur in the first trimester of pregnancy than in the second or
third trimester. The most common food aversions were to animal products (i.e., meat, fish,
poultry, and eggs), with a rate twice as high as non-pregnant controls. In contrast, pregnancy
cravings tended to be highest for foods that had the lowest likelihood of being reported as food
aversions, such as fruit, grains and starches, dairy and ice cream, and sweets. Avoiding meat
during the first trimester of pregnancy may be an important precautionary measure for avoiding
food-borne illness. This mechanism would have been particularly important in early human
history given the lack of refrigeration and sanitary conditions, as meat that is raw or left for long
periods at room temperature is likely to develop bacteria or spoil (Flaxman & Sherman, 2000;
Hahn-Holbrook et al., 2011).

Morning sickness during the first trimester of pregnancy has been viewed as a
mechanism for voiding the body of potential toxins at a time when the risk of fetal deformation
is highest. The first trimester of pregnancy is a critical time for the development of the fetus, as
the neural tube is developing and any exposure to viruses or toxins can result in serious

deformation (Lienard, 2011). In fact, Flaxman and Sherman (2000) found that increased nausea
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and vomiting during pregnancy resulted in a decreased risk of miscarriage across nine studies
examined. In addition, societies where morning sickness is less common are significantly less
likely to consider meat a staple food.

Disgust sensitivity has also been found to increase during the first trimester of pregnancy
along with morning sickness and food aversions. In a study by Fessler and colleagues (2005),
496 pregnant women answered an online survey assessing their disgust sensitivity using the
Disgust Scale and their current level of nausea. Consistent with their hypothesis, disgust
sensitivity was greatest during the first trimester of pregnancy. Although women in the first
trimester of pregnancy experienced greater levels of nausea compared to women in the second
and third trimester of pregnancy, even after controlling for nausea there was still a significant
elevation in disgust in the first trimester of pregnancy in the food domain. The results of this
study suggest that women develop increased sensitivity to disgust in the first semester of
pregnancy- a time when the immune system is the most compromised and food-borne illness
would incur the greatest risk to the fetus.

Disgust sensitivity has also been examined across the menstrual cycle. Using an internet-
based questionnaire, Fessler and Navarrete (2003) examined the effect of conception risk and
immunosuppression on disgust sensitivity across the menstrual cycle in free-cycling women.
Based on the number of days since the onset of menstruation, the authors calculated the
conception risk and presumed level of immunosuppression (according to daily reference values
for progesterone) for 307 women. The authors found that sexual disgust was related to
conception risk as hypothesized, but presumed conception risk did not predict global disgust
scores or any of the individual disgust subscales. However, the subscales of the original Disgust

Scale (Haidt et al., 1994) have poor psychometric properties (Olatunji et al., 2008).
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Sub-clinical OCD symptoms have recently been found to be associated with progesterone
levels in normally cycling female undergraduates (Gonda et al., 2008). Using a prospective
design, the well-being of 63 free-cycling undergraduate women was examined across three
phases the menstrual cycle (early follicular, late follicular, and late luteal). Obsessive-compulsive
symptoms as measured by the Symptom Distress Checklist (SCL-51) were found to increase
from the late follicular to the late luteal phase, in addition to increases in anxiety, depression, and
somatization (Gonda et al., 2008).

Avgoustinaki and colleagues (2012) examined the association between sex steroids and
Minnesota Multiphasic Personality Inventory (MMPI) subscales in a sample of young health
professionals (n = 59). All women were free-cycling (non-hormonal contraceptive users) with
normal menstrual cycles and were tested on the 21* day of their menstrual cycle (i.e., mid-luteal
phase). The authors found a significant correlation between progesterone levels and scale 7
(Psychasthenia/Obsessive compulsive behaviour). However, within a regression model
progesterone only explained 7% of the variance in scale 7, which was not significant.

In a recent study by Fleischman and Fessler (2011), undergraduate participants provided
a saliva sample for measurement of hormone levels, rated their level of disgust in response to
disgust-eliciting photographs, completed the Revised Padua Obsessive-Compulsive Inventory,
and completed a self-report questionnaire concerning behaviour in public bathrooms. Public
bathrooms display clear clues of potential contamination and can lead to ritualistic behaviour in
individuals with and without OCD (e.g., covering the toilet seat, excessive hand-washing). The
authors found a significant positive correlation between progesterone levels and OCD symptoms

of contamination, but a non-significant trend for non-contamination OCD symptoms (e.g.,
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ordering). Furthermore, disgust sensitivity and bathroom behaviour related to disease avoidance
were also significantly correlated with progesterone levels.

Upon examining the influence of progesterone levels across the menstrual cycle in
relation to OCD symptoms, research to date has a number of methodological limitations. Only
one study used a prospective, within-subjects design (Gonda et al., 2008), and none of the studies
employed both a prospective, repeated-measures design combined with measuring salivary
hormone levels. A within-subjects design would allow for the examination of individual
variability in the magnitude of change across the menstrual cycle in OCD symptoms and provide
stronger conclusions. Furthermore, women using hormonal contraceptives were excluded in
previous studies. Thus, what is needed is a within-subjects design following women across the
menstrual cycle where progesterone levels are measured and hormonal contraceptive users are
included as a comparison group.

The role of hormones in facial preference and emotion recognition

Hormones have been shown to influence women’s facial preferences. Women'’s
preference for masculinized male faces has been shown to vary across the menstrual cycle, with
a strong preference for masculine male faces during the menstrual phase compared to the luteal
phase of the cycle (Penton-Voak & Perrett, 2000). Penton-Voak and colleagues (1999) found
that women preferred less feminine male faces during periods of high versus low conception-risk
in the context of short-term relationships. In a study by Macrae, Alnwick, Milne, and
Schloerscheidt (2002), female participants were shown 100 faces and asked to categorize them as
male or female. During the high conception risk phase of the menstrual cycle (i.e., ovulation)
women were faster at categorizing male faces, but no differences were found in the

categorization of female faces. Similarly, Johnston, Hagel, Franklin, Fink, and Grammer (2001)
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showed that women were significantly more likely to choose a more masculinized face as
conception risk increased before ovulation compared to after ovulation. Furthermore, a
preference for masculinity in male faces is not shown in pre-pubescent and post-menopausal
women, only in women of reproductively active ages, thus strengthening the hormonal account
(Little et al., 2010).

Masculinized and symmetrical male faces are thought to be indicators of higher levels of
testosterone and disease-resistance (DeBruine, Jones, Tybur, Lieberman, & Griskevicius, 2010;
Fink, Neave, Manning, & Grammer, 2006; Penton-Voak et al., 1999; Penton-Voak & Chen,
2004). When women were given a forced-choice task they rated pictures of men who had higher
salivary testosterone levels as more masculine than men with lower salivary testosterone levels
(Penton-Voak & Chen, 2004). Symmetrical faces are rated as more attractive and healthier
compared to faces low in symmetry (Fink et al., 2006). More masculinized faces have been
classified as more healthy (Johnston et al., 2001), and facial masculinity has in fact been found to
negatively correlate with frequency and duration of disease (Thornhill & Gangestad, 2006). High
facial symmetry has been related to measures of increased fertility in men, thus acting as a gauge
of greater genetic quality (Oinonen & Mazmanian, 2007). Oinonen and Mazmanian (2007) found
that in general women prefer more symmetrical male faces, with greater symmetry detection
performance during menses compared to the luteal phase. The fact that Penton-Voak et al. (1999)
did not find differences in facial preferences across the cycle in women using hormonal
contraceptives, suggests that these differences are influenced by hormones. These findings show
a differential pattern of preferences for male faces depending on menstrual cycle phase or
conception risk, suggesting that these differences reflect adaptive strategies for acquiring more

desirable genes at a time crucial for reproduction (Welling et al., 2007).
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High masculinity and related high testosterone is associated with low paternal
investment, as research suggests that men with high-testosterone levels are more likely to have
short-term relationships, less likely to get married, and are less responsive to infants (DeBruine
et al., 2010). Therefore, researchers hypothesize that, for women, a trade-off occurs between the
benefits and costs of increased masculinity in a partner (e.g., healthy offspring versus low
paternal investment; DeBruine et al., 2010; Penton-Voak & Perrett, 2000). Jones, Little, and
colleagues (2005) found that women were most attracted to masculinity during the late follicular
phase when progesterone levels are low and most attracted to apparent health during the mid-
luteal phase when progesterone levels are highest. High progesterone levels were also associated
with a preference for more feminine male faces. Women were also found to report greater
commitment to their partner when progesterone levels were highest (Jones, Little, et al., 2005).
These findings make sense from an evolutionary perspective, as periods of high progesterone
mimic pregnancy and it would be advantageous for pregnant women to seek out high paternal
investment within a stable relationship.

Women’s preferences for masculinized faces also vary as a function of pathogen disgust.
Pathogen disgust scores have been found to be positively correlated with a preference for
masculinity in male faces (DeBruine et al., 2010). In addition, women preferred more masculine
and symmetric male faces after viewing slides depicting images of high pathogen cues compared
to images of low pathogen cues (Little, DeBruine, & Jones, 2011). In a study examining nearly
5,000 women from 30 different countries, preference for masculinized male faces increased as an
index of national health decreased (based on World Health Organization statistics such as impact
of communicable diseases; DeBruine et al., 2010). These findings are consistent with the

findings of Jones, Perrett, and colleagues (2005), who found that high progesterone levels were
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associated with increased attraction to apparent health in faces. Therefore, increased pathogen
exposure or exposure to pathogen cues may prime the preference for masculinity in male
partners in order to reduce the risk of infection during pregnancy (Jones, Little, et al., 2005).

Emotional recognition has also been found to vary across the menstrual cycle. Compared
to other facial expressions, disgust, fear, and anger may be the most crucial from an evolutionary
perspective as they signal a threat (Collignon et al., 2010). In ancient history, displaying
expressions of fear or disgust provided cues to another person to signal potential threats (e.g., a
predator or a source of contamination). In many instances, we take cues from other people in
terms of what we approach or avoid, which could have a direct impact on our survival (Martin et
al., 2006). Using a cross-sectional design, Pearson and Lewis (2005) found that fear recognition
was significantly higher in the pre-ovulatory stage when estrogen levels are highest and lowest
during menses when estrogen levels are lowest. Although hormone levels were not directly
measured in this study, the findings suggest that higher estrogen levels facilitate more accurate
recognition of fear. In an fMRI study conducted by Derntl, Windischberger, and colleagues
(2008), amygdala activation was significantly stronger in women in the follicular phase
compared to women in the luteal phase, corresponding to greater emotion recognition in the
follicular phase than in the luteal phase. Derntl, Kryspin-Exner, Fernbach, Moser, and Habel
(2008) also found higher emotion recognition accuracy in the late follicular phase. In addition,
emotion recognition accuracy was negatively correlated with progesterone levels. However,
females were more likely to misperceive other negative emotions (e.g., sadness, fear) as angry or
disgusted in the luteal phase compared to the follicular phase.

Women have been found to be more accurate at identifying and portraying expressions of

disgust compared to men. In a study conducted by Collignon et al. (2010), male and female
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participants were shown emotional stimuli (visual, auditory, and bimodal) representing fear or
disgust and then given a forced-choice discrimination test. Women were found to outperform
men across all three modalities. Male and female participants were more accurate when the actor
portraying the emotion was female. Guapo and colleagues (2009) also found that for every
emotion except fear, female faces were identified more accurately than male faces. This female
advantage may be a function of differences in caretaking between the sexes, as the importance of
conveying and perceiving an emotion quickly is essential (Collignon et al., 2010).

In contrast to previous findings (e.g., Derntl, Kryspin-Exner, et al., 2008), women might
be expected to show enhanced recognition of disgust during times of immunosuppression or
increased progesterone (i.e., the luteal phase) according to the compensatory prophylaxis
hypothesis. As already discussed, women display enhanced preferences for healthy faces (Jones,
Perrett, et al., 2005) and enhanced perceptions of intensity of disgusted faces with averted eyes
(Conway et al., 2007) during the luteal phase of the menstrual cycle. If considering only
immunosuppression, opiate users have a suppressed immune system and were found to be 47%
more accurate in recognizing facial expressions of disgust compared to former users, and 31%
more accurate than control participants (Martin et al., 2006). Given the increased levels of
progesterone during pregnancy, enhanced recognition of disgust would be expected. In a
prospective study by Pearson, Lightman, and Evans (2009), facial recognition accuracy was
examined i