
Vol.:(0123456789)

https://doi.org/10.1007/s40750-022-00198-4

1 3

ORIGINAL ARTICLE

Fertility predicts self‑development‑oriented 
competitiveness in naturally cycling women 
but not hormonal contraceptive users

Lindsie C. Arthur1  · Khandis R. Blake1,2 

Received: 7 March 2022 / Revised: 31 July 2022 / Accepted: 2 August 2022 / 
© The Author(s) 2022

Abstract
Objective A growing body of research has begun investigating the relationship 
between hormones and female competitiveness. Many researchers have focused 
on the effect of the menstrual cycle and hormonal contraceptives. Despite many 
attempts at understanding hormone-behavior associations, contradictory findings 
have made it difficult to determine the existence of true effects. The aim of the cur-
rent research was to use a robust methodological design to investigate the effect of 
fertility probability on four competitive orientations in naturally cycling women and 
hormonal contraceptive users.
Methods Using a longitudinal diary study with over 3,900 observations from 21 
countries, we explore the effect of fertility probability on four self-report competitive 
orientations after controlling for menstruation: self-developmental competition, hyper 
competitiveness, competition avoidance, and lack of interest toward competition.
Results Using Bayesian estimation for ordinal mixed models, we found that fertil-
ity probability was associated with an increase in self-development competitiveness 
amongst naturally cycling women but not hormonal contraceptive users. We also 
found weak evidence that hormonal contraceptive users show reduced interest in 
competing compared to naturally cycling women. There were no other robust effects 
of fertility or hormonal contraceptive use.
Conclusions These results suggest that fertility probability is associated with 
increased fluctuations in self-development competitive motivation and that hormo-
nal contraceptives interfere with this effect. This research contributes to the growing 
body of literature suggesting that hormonal contraceptives may influence psychol-
ogy and behavior by disrupting evolved hormonal mechanisms.
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From the simplest unicellular organisms (Baker, 2011), through to complex mul-
ticellular species, survival and reproduction are subject to competition (West-
Eberhard, 1979). Human competition is generally thought to center around access 
to material resources, such as shelter, food, safety and mates (Smolla et al., 2015). 
However, competition for social status is an important social and behavioral out-
come that humans use to acquire other goods and services. By competing for status, 
individuals improve their relative position within a community or group. High-status 
groups and individuals can then leverage their status in order to access resources 
that aid survival and reproduction, as evidenced by better physical and mental health 
amongst high-status individuals (Anderson et al., 2012; Scott et al., 2014). To help 
understand the social and biological drivers of female competition, researchers have 
begun to explore within-sex differences in competition and competitive motivation.

One avenue of research suggests that female competitiveness may vary across 
the menstrual cycle and with the use of hormonal contraceptives (HCs). Hormones 
originate at different organs within the endocrine system and regulate important 
bodily functions by sending signals around the body. In women,1 gonadal hormones 
(e.g., estradiol, progesterone) are primarily produced in the ovaries and are vital to 
sex differentiation, healthy development and reproduction (Burrows, 2013). How-
ever, a growing body of research suggests that these same hormones are implicated 
in a range of other functions, including immunoregulation (Bereshchenko et  al., 
2018; Bouman et al., 2005), cognitive functioning (Sherwin, 2003, 2012; Toffoletto 
et al., 2014) and the coordination of adaptive social behavior (Adkins-Regan, 2005; 
Roney, 2016). Of interest to this paper is the potential for hormones to coordinate 
adaptive behaviors which enrich competitive outcomes for women.

Across the menstrual cycle gonadal hormones fluctuate to enable healthy repro-
duction, and many researchers have proposed that certain times of the cycle may be 
associated with increased competition in naturally cycling (NC) women. One the-
ory – the ovulatory competition hypothesis (Durante et al., 2014; Nikiforidis et al., 
2017) – posits that competitiveness may be elevated in women who are approach-
ing ovulation, compared to women in other times in the cycle. Evidence for this 
theory derives from research revealing a mid-cycle increase in intrasexual competi-
tion, including the use of beauty products and desire to wear sexy clothes (Batres 
et al., 2018; Durante et al., 2008; Saad & Stenstrom, 2012). Adding additional sup-
port for an association between hormones and competitiveness comes from research 
suggesting that women using HCs display a reduced level of competitive motiva-
tion compared to NC women (e.g., Bradshaw et al., 2020; Buser, 2012; Casto et al., 
2020, 2021a), suggesting that exogenous hormones in HCs may suppress underlying 
(likely non-conscious) competitive motivations.

Critically, in recent years, several well-powered non-replications have cast doubt 
on the association between fluctuating fertility and psychological and behavioral 
outcomes (e.g., Arslan et al., 2018; Hahn et al., 2016; Jones et al., 2018a; Ranehill 
et  al., 2018). The repeated non-replication of early research has sparked ongoing 

1 We use women/woman throughout this manuscript to indicate human persons with a menstrual cycle, 
however we acknowledge that not all people who experience a menstrual cycle identify as women.
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debate in the literature, including critiques of methodological designs, analyses and 
resulting theories (Jones et al., 2019; Stern et al., 2019; but see, Gangestad et al., 
2019a, b). Further, a recent review by Arthur et al. (2022) concludes that the associ-
ation between HCs and competitiveness is highly variable and that critical method-
ological limitations restrict researchers from drawing firm conclusions about HCs. 
Taken together, there is a need to conduct large-scale, methodologically robust stud-
ies examining menstrual cycle effects on competitiveness with both NC women and 
HC users.

The aims of this paper were twofold. First, we aimed to investigate the effect of 
fertility probability on four competitive orientations (self-developmental competi-
tion, hyper competitiveness, competition avoidance, and lack of interest toward 
competition) in NC women and HC users. Second, we sought to address limitations 
in previous research that would help provide a better understanding of mixed find-
ings. The current study contains several key strengths. Using a longitudinal within-
subjects design and continuous measure of fertility, we provide a clearer and more 
complete picture of self-report competitiveness across the cycle compared to sam-
pling from only fertile and non-fertile phases (Gangestad et al., 2016; Roney, 2018). 
The decreased reliability of fertile-phase identification is also compensated for by 
the increase in sample size (Arslan et  al., 2018). By using a nuanced measure of 
competition that includes four competitive orientations, we demonstrate that cycle 
phase is associated with some, but not all, competitive orientations. Finally, our 
sample contains over 3900 observations from 21 countries, providing this field with 
much-needed cross cultural data.

The Menstrual Cycle and Hormonal Contraceptives

The average menstrual cycle occurs over a 28-day period, with 21-to-35-day cycles 
considered within the normal range (Azari & Kaminski, 2019). Each ovulatory 
cycle is made up of three key phases – the follicular, ovulatory, and luteal phases 
– which are each characterized by fluctuations in estradiol and progesterone. Based 
on the average 28-day cycle, the first 14 days (i.e., the follicular phase) are marked 
by low progesterone and rising estradiol, which peaks during ovulation (roughly day 
14). The final 14 days (i.e., the luteal phase) are characterized by progesterone domi-
nance, which subsides again before the start of the next cycle. Different behaviors 
have been observed at different times in the cycle, leading researchers to believe that 
those behaviors may be associated with cycling levels of estradiol and progesterone.

For HC users, the natural menstrual cycle is disrupted through the provision of 
exogenous hormones. HCs contain progestin (a synthetic form of progesterone) or 
a combination of progestin and synthetic estradiol (Melo & Creinin, 2016). Sev-
eral methods of administration are used, including an oral pill taken daily (widely 
referred to as “the pill”), devices inserted into the body (e.g., the intrauterine device 
[IUD], the implant/rod), contraceptive injection or the vagina ring. Regardless of 
the administration method, HCs usually prevent pregnancy by suppressing ovu-
lation or creating an inhospitable environment for a fertilized embryo (Baird & 
Glasier, 1993). Given that HCs largely disrupt naturally occurring fluctuations in 
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endogenous estradiol and progesterone, this suggests that if the menstrual cycle is 
associated with fluctuating competitiveness, that HCs may disrupt this pattern.

Hormones and Competition

Given the reproductive relevance of the menstrual cycle, research investigating the 
relationship between hormones and female behavior has often focused on shifts in 
mating relevant psychology and behavior. As briefly outlined above, the ovulatory 
competition hypothesis (Durante et  al., 2014; Nikiforidis et  al., 2017) posits that 
ovulation is associated with an increase in intrasexual competitiveness, with a focus 
on mate-seeking. Support for this theory comes from studies demonstrating that fer-
tile (compared to non-fertile) women self-report increased intrasexual competitive-
ness, assertiveness, and use of mate attraction strategies, including heightened use of 
make-up, other grooming behaviours, and desire to wear sexy clothing (Batres et al., 
2018; Blake et  al., 2017; Durante et  al., 2008; Piccoli et  al., 2013; Saad & Sten-
strom, 2012). However, several well-powered non-replications (e.g., Arslan et  al., 
2018; Hahn et al, 2016; Schleifenbaum et al., 2021) have since failed to find a robust 
association between fertility and increased intrasexual competition for mates, cast-
ing doubt on the reliability of this association.

Another way researchers have conceptualized competition across the menstrual 
cycle is by looking at fluctuations in mate preferences. While both sexes compete for 
access to mates, males see greater fitness gains by securing more mating opportuni-
ties, whereas females see greater gains by accessing higher quality mates (Clutton-
Brock & Huchard, 2013; Rosvall, 2011). The ovulatory shift hypothesis (Gangestad 
& Thornhill, 1998, 2008) proposes that during phases of high fertility, women dis-
play heightened attraction to men with traits indicating high genetic quality (e.g., 
masculinity). A meta-analysis of women’s mating preferences indeed suggests that 
when selecting partners for a short-term relationship, fertility is associated with a 
small (Hedge’s g = 0.21) preference for masculine partners (Gildersleeve et  al., 
2014a). Meanwhile, a second meta-analysis (using similar papers) and two critical 
commentaries argue that the effect of fertility on masculinity preferences is subject 
to publication bias and “p-hacking” through the use of flexible fertility estimates 
(Harris et al., 2014; Wood & Carden, 2014; Wood et al., 2014; but see Gildersleeve 
et al., 2014b). In addition to the contradictory meta-analyses, more recent well-pow-
ered research reports no association between cycle phase and masculinity prefer-
ences (e.g., Jones et al., 2018a; Marcinkowska et al., 2019; Stern et al., 2021; van 
Stein et  al., 2019), though rebuttal commentaries have been proposed (Gangestad 
et al., 2019a, b).

Given high variability within the mate seeking literature, other theories may 
better explain cycle shifts in competition for mates, such as the motivational shift 
hypothesis (Roney & Simmons, 2017). According to Roney and Simmons (2017), 
women experience cycle related shifts in motivational priorities between reproduc-
tive and other survival behaviors (e.g., feeding). The mid-cycle increase in estradiol 
is thought to be associated with a general increase in sexual motivation and intrasex-
ual competition, while this same period is associated with a decrease in self-reported 
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food intake. Several well-powered studies find support for this theory, arguing that 
fertility may be associated with a broad increase in sexual motivation, rather than a 
specific preference for mates with masculine features (Jünger et al., 2018a, b; Stern 
et al., 2020).

Given that HCs reduce hormonal variation across the ovulatory cycle, research-
ers have also investigated whether HCs are associated with systematic differences in 
intrasexual competition for mates, though the research is again mixed. Batres et al. 
(2018) found that HC users spend less time putting on make-up compared to NC 
women. Similarly, Schwarz and Hassebrauck (2008) found that although NC women 
increased the use of sexualized clothing during the middle of their cycle, the same 
pattern is not observed in HC users. Regarding mate selection, there is some evi-
dence that HC users do not report a general preference for masculine men (Feinberg 
et al., 2008; Gori et al., 2014), suggesting that they are not motivated to compete for 
high quality genes for their offspring. However, mirroring the mate seeking litera-
ture for NC women, contradictory research can be found regarding the association 
between HCs and intrasexual competition (e.g., Jones et al., 2018a; Marcinkowska 
et al., 2019; for review, Arthur et al., 2022).

Competition for Status

In addition to competition for mates (which may increase status indirectly; for 
review, Buss & Schmitt, 2019), some research suggests that the menstrual cycle is 
associated with fluctuations in status-seeking through other pathways. Durante et al. 
(2014) demonstrated that as women approached the fertile phase of the cycle, they 
preferred higher relative status (i.e., more value relative to others), while Fisher 
(2004) and Piccoli et al. (2013) reported that derogation of other women increased 
with fertility risk in NC women. These three studies suggest that fertility is associ-
ated with a desire to maximize one’s social position relative to other women. When 
status is achieved through direct competition with others, HC users displayed poorer 
competitive persistence compared to NC women, as seen in both physically and psy-
chologically difficult tasks (Bradshaw et  al., 2020; Casto et  al., 2020). This work 
collectively suggests that endogenous hormones may lead to fluctuations in status 
motivation and that HCs may blunt this effect.

The literature regarding competition for economic resources (which can also 
enhance status) is again mixed. In a novel study, Miller et  al. (2007) recorded tip 
earnings for professional lap dancers, finding that HC users earned less than NC 
women in the fertile phase. Although the authors conclude that men are more 
attracted to fertile women, it is also possible that HCs suppress a mid-cycle increase 
in competitiveness experienced by NC women. Other researchers have used a com-
bination of tasks from social psychology (e.g., social value orientation; Anderl 
et al., 2015) and behavioral economics, such as the dictator and ultimatum games 
(Eisenbruch & Roney, 2016; Lucas & Koff, 2013), auction games (Chen et al., 2013;  
Pearson & Schipper, 2013; Schipper, 2015), and the piece-rate or tournament entry 
scheme (Buser, 2012; Ranehill et al., 2018; Wozniak et al., 2014), many of which 
report contradictory or null associations between HCs and competitive outcomes. A 
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detailed analysis of this literature is presented in Arthur et al. (2022) and Nikiforidis 
et al. (2017).

Despite the importance of accurately measuring female competitiveness, 
researchers in this field face social and methodological constraints. For example, 
experimental lab competitions are often male-biased and fail to account for gender 
differences in the socialization of competitive behavior (Casto & Prasad, 2017). Fur-
ther, in the mate competition literature, researchers often make assumptions about 
what is motivating female behavior. For example, women’s beautification (e.g., pro-
vocative dress, use of make-up) has often been used as evidence of increased mating 
motivation. While mating likely motivates some appearance enhancement, wom-
en’s beautification also leads to benefits beyond mating, including improved social 
interactions and personal status acquisition (see Blake, 2022; Bradshaw & DelPri-
ore, 2022). It is important to consider these limitations when reviewing the existing 
research and when designing future investigations. By measuring competitive incli-
nations directly, researchers are able to bypass these limitations.

Theoretical Justification for Shifting Levels of Competitiveness

As with all evolved traits and behaviors, engaging in competition can be costly and 
often involves trade-offs with other adaptive behaviors. For women, an underly-
ing tension regarding the costs of competition is that securing valuable resources 
requires some level of competition, but if a woman is outwardly perceived by others 
as a threat, then she may herself become the victim of competition. For example, 
despite the advantages conferred upon high-status individuals, blatant status-seek-
ing in women is often met with backlash due to gender norm violations (Benenson, 
2013; Campbell, 2013). Women and girls also express distress when other women 
outperform them in terms of appearance, popularity, employment and academic 
success (Benenson & Benarroch, 1998; Simmons, 2002; Vigil, 2007; for review, 
Reynolds, 2021). Maintaining a continuous level of high competition may therefore 
inhibit a woman’s ability to maintain positive relationships with others, especially 
other women.

Instead, we propose that women alternate (or, ‘trade-off’) between periods of high 
and low competitive motivation, a process which may be mediated by underlying hor-
monal mechanisms (Arthur et al., 2022). Specifically, it is possible that women limit 
competition to conditions in which it is most beneficial, such as periods of high fertility 
when potential reproductive gains are highest. Elsewhere the costs of competing may 
outweigh the benefits, resulting in an energetic shift away from competition and toward 
other motivational priorities (e.g., affiliation). This theoretical framework presumes 
that high competitiveness during the fertile window is a byproduct of increased mating 
competition during this period. It bears distinct conceptual cohesion with the motiva-
tional shift hypothesis (Roney & Simmons, 2017) which posits that when reproduc-
tive gains are highest (i.e., the fertile phase) women experience an increase in sexual 
motivation, while the non-reproductive phase is associated with increases in survival 
(i.e., feeding) behavior. Understanding how competition fluctuates across the menstrual 
cycle is the one step towards unpacking this theoretical model.
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The Current Study

In the current study, we sought to resolve existing uncertainty regarding menstrual 
cycle shifts in competition for NC women and HC users. Using an online self-report 
diary study, we collected data regarding HC use, menstrual cycle phase and self-report 
competitiveness across four competitive orientations: self-developmental competitive-
ness, hypercompetitive, competitive avoidance, and lack of interest toward competi-
tion (Orosz et al., 2018). We used menstrual onset dates to form a continuous meas-
ure of fertility probability, providing a clearer understanding of how competitiveness 
changes across the full menstrual cycle. The method and analytic strategy reported here 
was pre-registered as part of a separate investigation from this project (https:// osf. io/ 
zw8qx). The predictions here were not preregistered, however the first author formu-
lated the hypotheses without prior access to the data and before any analyses had been 
conducted.

To avoid making assumptions about what women are motivated to compete for, we 
used a general measure of competition that assessed competitive inclinations without 
specifying the competitive strategy or competitive outcome. Measuring competition 
through four sub-domains further broadened understanding whether some competi-
tive orientations demonstrate a stronger association with certain cycle phases relative 
to others. Self-development (i.e., relating to achievement motivation and success) and 
hyper-competitiveness (i.e., a strong results-based motivation and a desire to dominate 
others) are both approach-based orientations, with high scores representing a desire to 
compete. In contrast, high scores in competitive avoidance (i.e., an avoidance of com-
petitions) and lack of interest in competition (i.e., an overall disinterest in competition) 
represent a desire to avoid competitive situations. Based on existing research demon-
strating a mid-cycle increase in competitiveness in naturally cycling women but not 
hormonal contraceptive users, we predicted:

Hypothesis 1: An ovulatory increase in self-reported a) self-development competi-
tiveness and b) hyper competitiveness, in naturally cycling women but not hormonal 
contraceptive users.
Hypothesis 2: An ovulatory decrease in self-reported a) competition avoidance and 
b) lack of interest toward competition, in naturally cycling women but not hormonal 
contraceptive users.

Method

Participants

Three hundred and thirty-six cis-gender women (Mage = 26.51, SD = 6.25) were 
recruited from the University of Melbourne undergraduate participation pool and 
the general community for a study involving daily surveys on the menstrual cycle 
and psychological phenomena. Selection criteria for eligibility were fluency in Eng-
lish; regular menstrual cycles; self-reported confidence about menstrual cycle length 
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exceeding the scale mid-point (i.e., ‘3 – somewhat confident’ and above); menstrual 
cycle length between 22–35 days (M = 28.13, SD = 2.94); aged between 18–45 years; 
pre-menopausal; no emergency contraception or breastfeeding or pregnancy use 
within the past three months; no polycystic ovarian syndrome or endometriosis; and 
no medically diagnosed fertility or endocrine issues, leaving n = 278 (Mage = 26.34, 
SD = 6.08).

Most participants were exclusively heterosexual (62.78%), 25.94% were occa-
sionally or more than occasionally homosexual, 4.51% were bisexual, 5.64% were 
pansexual, 1.88% were exclusively homosexual and 1.13% were asexual. More 
than half (56.5%) of participants reported being in a relationship (n = 157) and the 
remaining 43.5% were single (n = 121). The largest proportion of participants of 
participants (18.96%) were from Australia/New Zealand, 18.59% reported mixed 
ethnicity, 15.24% were South-East Asian, 10.41% were North American, 7.43% 
were Southern European, 7.06% East Asian, 6.69% were Northern European and 
the remaining 15.61% each occupied less than 4% each and were collectively from 
Southern, Western or Central Asia, Latin America, Eastern or Western Europe, Afri-
can or unspecified. Most participants reported average relative socio-economic sta-
tus (57.25%), 4.09% reported low socio-economic status, and 38.66% reported high 
socio-economic status. For religion, 65.43% report no religious affiliation, 24.91% 
report being religious and 9.67% did not respond to this question.

Hormonal Contraceptive Use

The final sample included 69.63% NC women (n = 192) and 30.37% HC users 
(n = 86). Of the HC users, 74.39% used combined oral contraceptives, 4.88% used 
the vaginal ring, 3.66% used the contraceptive implant, 2.44% used the contracep-
tive patch and 14.63% (n = 12) did not provide sufficient information to determine 
contraceptive type. Most HC users (65.85%) used contraceptives containing andro-
genic progestins, 19.51% contained anti-androgenic progestins and 14.63% (n = 12) 
did not provide sufficient information to determine androgen type.

Procedure

Participants were invited to join the study in exchange for a personalized feed-
back report, including information about how their menstrual cycle relates to 
individual changes in a range of variables from the ongoing study (e.g., mood, 
big-5 personality, health, assertiveness, self-esteem and impulsiveness). The 
undergraduate participants were also provided with course credit. This study was 
conducted using formR (Arslan et  al., 2020), an open-source survey framework 
that was specifically designed for longitudinal diary studies. A brief prescreening 
and baseline survey were used to collect demographic and menstrual cycle char-
acteristics, followed by 28-days of daily surveys. During the daily survey stage, 
participants were automatically issued a daily email link at 5  pm local time. 
After 28  days, participants were offered the opportunity to complete the study 
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or continue collecting data for an additional 28  days (median number of daily 
entries = 10, M = 14.34, SD = 12.87, range = 1–53). Following the final daily sur-
vey and a 10 day pause, participants were emailed a link to the follow-up survey. 
Feedback reports were generated and shared with participants shortly after the 
final survey. All surveys were accessed via participants personal devices (includ-
ing laptops, tablets, and mobile phones). This study was approved by the Uni-
versity of Melbourne Human Research Ethics. All data were collected between 
September 2020 to June 2021.

Measures

Two sets of measures were used in this study: person-level variables (measured 
during the prescreening, baseline or follow up survey) and within-person variables 
(measured daily). Person-level variables included questions regarding HC use and 
the menstrual cycle. To identify group level differences between NC women and 
HC users, person-level data was also collected for depression, anxiety, stress, mate 
value and sociosexual orientation. As part of a larger study, within-person meas-
ures included questions regarding current menstrual cycle status, competitiveness, 
self-objectification, affect, Big-5 personality (i.e., agreeableness, conscientiousness, 
extraversion, neuroticism, openness), agency, impulsiveness, self-regulation, health, 
and sexual behavior. Measures related to competitiveness are reported in the current 
paper. Examples of each scale measure are provided in Table 1.

Competitiveness Competitiveness was measured using the Multidimensional Com-
petitive Orientation Inventory (MCOI; Orosz et al., 2018), a 12-item scale with four 
subscales: hypercompetitive orientation (α = 0.83), self-developmental competitive 
orientation (α = 0.83), competition avoidance (α = 0.83), and lack of interest toward 
competition (α = 0.77). All items were ordinal and measured on a 5-point scale rang-
ing from strongly disagree, disagree, neither, agree, strongly agree. One item within 
each subscale was randomly presented each day.

Cronbach’s alpha after reverse coding where appropriate found low internal con-
sistency across the four sub-scales (α = 0.495) and Pearson’s correlations between 
the two approach (R = 0.33) and two avoidant (R = 0.20) competitive orientations 
were small suggesting that retaining the four orientation types (as opposed to aver-
aging values across orientations) was appropriate for these data.

Sociosexual Orientation (SOI‑R) Sociosexual orientation was measured using the 
Revised Sociosexual Orientation Scale (SOI-R; Penke & Asendorpf, 2008). In the 
baseline survey, participants were asked a total of nine questions about their sexual 
behavior, attitudes and desires.

Mate Value Mate value was measured using the Mate Value Scale (Edlund & Saga-
rin, 2014). In the baseline survey, participants were asked a total of nine questions 
about their perceptions of themselves as a romantic partner.
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Depression, Anxiety and Stress Mood disorders were measured in the baseline sur-
vey using the short-form Depression, Anxiety and Stress Scale (DASS-21; Lovibond 
& Lovibond, 1995).

Contraceptive Use Participants indicated their contraceptive use via the following 
multi-choice categories: hormonal contraceptives (e.g., the pill, hormonal implant/
rod, depot injections, vaginal ring, hormone plasters), barrier method (e.g., con-
doms, diaphragm), period/fertility tracking app (e.g., Clue, Flo, Glow), fertility 
awareness method (e.g., diary, calendar, temperature), having no (or less) sexual 
intercourse when fertile, hormonal intrauterine device (e.g., Mirena), copper intra-
uterine device, morning-after pill, other contraceptive, or none. Participants were 
also offered an opportunity to write the name of their current HC. This information 
was used to determine details such as route of administration (e.g., pill, patch) and 
androgen content (see Participants section above). As noted in the Participants sec-
tion, anyone indicating usage of the morning after pill within the past three months 
were excluded from the study.

Menstrual Cycle Characteristics Fertility probability was estimated using the back-
ward-counting method. This method counts backward from the reported or esti-
mated onset of menses to the day on which the outcome variable is sampled. For 
example, a daily survey completed 5  days prior to a participant’s next menstrual 
onset would be assigned as backward-counted Day -5. Each backward-counted day 
corresponded to a specific fertility probability value based on the estimates gener-
ated by Stirnemann et al. (2013), a method advocated for by Gangestad et al. (2016). 
Fertility probability estimates were assigned to all participants (irrespective of HC 
and NC grouping), enabling us to compare patterns between HC users and NC 
women. Cycle-phase variation among HC participants would suggest variation unre-
lated to endogenous hormones.

To gather the necessary cycle data, the baseline survey asked participants to 
report their average cycle length and the start date of their current cycle. In each 
daily survey and at follow-up, participants were asked if and when their subsequent 
cycle had started. This survey question was accompanied by a calendar, as recom-
mended by Welling and Burriss (2019) to assist recall accuracy. All responses were 
checked for consistency and where discrepancies emerged with multiple onsets 
reported within the same week, we used the median date. In a small number of cases 
where onsets were reported within the same fortnight (1.26%), we excluded these 
data from analysis. In cases where the next menstrual onset date was not reported 
(31.94% of cycles), we inferred it from the average cycle length reported by the par-
ticipant at baseline (as recommended by Welling and Burriss 2019). Each day, par-
ticipants also indicated whether they were currently menstruating. In some cases, 
participants indicated that their cycle had started but did not indicate that they were 
bleeding, thus we coerced the first day of each cycle to contain values indicative of 
menstruation.
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Data Analysis

HCs and Menstrual Cycle Effects

Bayesian estimation for ordinal mixed models is required to test the effects of fertil-
ity and HCs on ordinal outcomes. We used default (uninformative) priors, which 
ensured that our parameter estimates were maximally influenced by the data and 
were asymptotically equivalent to those obtained under maximum likelihood esti-
mation. Model convergence was determined by PSR values reaching < 1.05, after 
which the number of Bayesian iterations was doubled to ensure stable convergence 
was reached. We concluded there was evidence for an effect whenever the 95% cred-
ible intervals did not cross zero. Bayesian multilevel models correct for problems of 
multiple comparisons through the use of partial pooling and low group level vari-
ation (see Gelman et al., 2012). The inflation of type 1 errors is therefore unlikely. 
Due to the nature of Bayesian models and random number generation in r simula-
tions (including brms), output can vary between replications of the same model. To 
create reproducible output we applied set.seed(123) to all primary models. By set-
ting a uniform seed value simulations can be reproduced.

Our primary model controlled for menstruation and included a random slope for 
fertility probability and a random intercept for the individual (model 1). The main 
predictor of interest was the interaction between fertility probability and HC, with 
support for mid-cycle shifts in outcome variables indicated by an interaction where 
fertility probability affected the outcome variable in the NC group only.

In Wilkinson notation (Bates et al., 2014; Wilkinson & Rogers, 1973), model 1 
equation can be formalised as:

Robustness Tests

In models including evidence of an interaction, we ran additional robustness tests. 
First, we ran analyses excluding participants who did not reported a next menstrual 
onset date, as fertility probability for these participants was inferred based on the 
reported cycle length (model 2). We then repeated models among participants who 
were most likely to ovulate (model 3) by excluding people who were aged over 
40, had highly variable cycle lengths (varied by over 7 days), were heavy smokers 
(1 + pack per day), high self-reported high stress levels or had recently lost a large 
amount of weight (over 8 kgs), had a BMI below 18.5 or above 25, or were profes-
sional and semi-professional athletes. To account for possible progestogenic effects 
we also created a luteal phase variable by backwards counting four to ten days 
before the onset of the next menstrual cycle and included it as an additional control 
variable to the primary model (model 4). Finally, we ran additional models control-
ling for the potential confounders of age (model 5), relationship status (model 6) and 

outcome
ti
∼ 1 + (menstruation

ti
+ fertility_probability

ti
)

∗ hormonal_contraceptive_useri + (1 + fertility_probability
ti
|person)
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sociosexual orientation (model 7). Previous research suggests competition may vary 
based on age (Mayr et al., 2012) and relationship status (Cobey et al., 2013), and HC 
users in our sample reported higher scores on the SOI than NC users (see Table 2 
below). Datasets, model specification code and sample output are available in the 
Open Science Framework (https:// osf. io/ rs6bm).

Power and effect size estimates

To approximate a minimum detectable effect size, we simulated power for identi-
cal models to the Bayesian formula but modelled using the R package lme4. We 
used the simr package to estimate the power obtained to detect effects of particular 
sizes for the primary interaction of interest (HC × fertility probability). To do so, we 
imputed the average observed fixed effect for the other variables in the model (i.e., 
averaged across all outcome variables), then simulated power to detect an interac-
tion at effect sizes ranging from 0.1–0.3 (at intervals of 0.05). One thousand simu-
lations indicated that we had 80% power to detect a minimum effect of b =  ~ 0.18. 
To estimate Marginal  R2 and Conditional  R2 values we calculated Nakagawa’s  R2 
(Lüdecke et al., 2021) for the GLMM models with identical formula specification to 
the Bayesian models. Marginal  R2 provides variance explained only by fixed effects 
and conditional  R2 provides the variance explained by both fixed and random effects 
(Nakagawa & Schielzeth, 2013).

Table 2  Person level variables 
for NC women and HC users

Note. M and SD are used to represent mean and standard deviation, 
respectively. Data are compared by Mann–Whitney U-test. Signifi-
cant items are highlighted in bold

Variable NC (n = 192) HC (n = 86) P value

M SD M SD

Demographics
Age 26.8 6.64 25.4 4.61 .231
Weight (kg) 62.5 12.7 64.6 15.9 .470
Height (cm) 164 7.73 164 6.22 .583
Mate Value
Total 3.37 0.80 3.53 0.79 .119
DASS
Depression 1.92 0.69 1.97 0.66 .586
Anxiety 1.66 1.57 1.62 1.57 .354
Stress 2.37 0.51 2.39 0.54 .911
SOI-R
Total 2.62 1.03 2.83 0.89 .005
Behaviour 2.26 1.66 2.69 1.59 .001
Attitude 3.13 1.16 3.60 0.99 .002
Desire 2.35 0.29 2.21 0.83 .267
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Data Visualization

To continuously visualize outcome variation according to cycle phase without 
imposing discrete phases such as menstruation and the fertile window, we fit Bayes-
ian mixed models with a Gaussian family and cyclic cubic splines over backward-
counted cycle days by HC status. For slight regularization, we set half-normal priors 
with a SD of 1 on the random intercepts. We then took 100 random samples from 
the posterior and visualized the conditional means for the continuous splines by HC 
status, as well as the difference in splines between NC and HC groups. The resulting 
visualized variation reflects the average patterns in the data and includes the uncer-
tainty resulting from the person-level clustering in the data.

Results

Descriptive Statistics

Compared to NC women, HC users had less restrictive sociosexual behavior and 
attitudes. No other differences emerged for person level variables (see Table 2).

Hypothesis Testing

Table 3 contains the results of the primary mixed models (model 1) for competitive 
orientation. As hypothesized, there was evidence for an interaction between Fertil-
ity x HC use for self-development competitiveness (H1a; see Fig.  1). NC women 
(b = 0.73, SE = 0.28, CrI = 0.18, 1.29), but not HC users (b = -0.12, SE = 0.37, 
CrI = -0.85, 0.59), experienced a mid-cycle increase in self-report self-development 
competitiveness. Robustness tests indicated that this effect was 23% stronger when 
we restricted the sample to women who we didn’t infer ovulation without a next 
menstrual onset date (b = 0.90, SE = 0.32, CrI = 0.28, 1.52). However, restricting 
the sample to women most likely to ovulate did not provide evidence of an effect 
(b = 0.34, SE = 0.58, CrI = -0.81, 1.50), likely owing to the 59.6% reduction in sam-
ple size (n = 76). The interaction effect was not moderated by age (CrI = -0.04, 0.30), 
relationship status (CrI = -1.32, 3.00) or sociosexual orientation (CrI = -0.59, 1.40). 
For competitive avoidance (H2a), there was weak evidence for a Fertility x HC use 
interaction. Although this interaction suggests cycle shifts may vary between NC 
women and HC users, the large credible interval (which almost crosses zero) sug-
gests a high degree of uncertainty and visual inspection of competitive avoidance 
(Fig. 2) produces no clear patterns for either group.

Counter to our hypotheses, hyper-competitiveness and lack of interest in competi-
tion did not provide evidence for a Fertility x HC interaction. Even so, a negative 
association between HCs and hyper-competitiveness was observed, indicating that 
HC users report less hyper-competitiveness compared to NC women. Conversely, a 
positive association between HCs and lack of interest in competition indicates that 
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HC users may lack interest in competing compared to NC women. For both vari-
ables, large credible intervals (and credible intervals close to zero) suggest a high 
degree of uncertainty. Further, for hyper-competitiveness, competitive avoidance and 
lack of interest in competition, setting a different seed value (or resetting the model 
to randomly generate a seed value) produced some credible intervals that crossed 
zero.

Plotting the effects of backward counted cycle day on the remaining outcome var-
iables, delineated by HC and NC subgroups, depicts an interesting, albeit explora-
tory, relationships between variables (see Fig.  2). Hyper-competitiveness visually 
peaked for NC women around the estimated day of ovulation, where such effects are 
not seen for HC users. In contrast, lack of interest in competition and competitive 
avoidance displayed no clear patterns for HC users of NC women.

Discussion

We used a longitudinal diary study to investigate the relationship between com-
petitiveness, menstrual cycle shifts and HC use. We investigated fertility probabil-
ity effects for four competitive orientations: self-developmental competition, hyper 
competitiveness, competition avoidance, and lack of interest toward competition. 
Each orientation captured a different aspect of competition and was domain general, 
providing nuanced insights regarding hormones and competition that avoided mak-
ing inferences about the outcome of competition or the competitive strategy. Much 
like the menstrual cycle literature more broadly, results were mixed across the four 

Fig. 1  Levels of self-development competitiveness as a function of backward-counted cycle day. Note. 
This figure shows the conditional mean for self-development competitiveness (y-axis), plotted based 
on backward-counted cycle day (x-axis). Black = Hormonal contraceptive users; Red = Naturally 
cycling women; Blue = difference in splines between NC and HC groups; dashed line = estimated day 
of ovulation
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competitive orientations. We found evidence of a mid-cycle increase in self-devel-
opment competitiveness for NC women but not HC users. We also found prelimi-
nary evidence for a negative association between HCs and hyper-competitiveness 
and a positive association between HCs and lack of interest in competition, but note 
that large credible intervals (and credible intervals close to zero) suggested a high 
degree of uncertainty. Competitive avoidance was not reliably associated with fertil-
ity probability, HC use or their interaction, with credible intervals for the interaction 
likewise suggesting a high degree of uncertainty and visual inspection of competi-
tive avoidance yielding no clear patterns. Below we review each orientation within 
the context of existing literature and in relation to the theoretical framework we pre-
sented in the introduction.

Self-development competition is an approach-based orientation, related to 
achievement motivation and success (Orosz et al., 2018). We found evidence of this 
outcome being associated with the interaction between HC use and fertility proba-
bility. Sub-group analysis revealed that when fertility probability was high compared 
to low, NC women but not HC users self-reported higher self-development competi-
tiveness. To our knowledge, this is the first study to identify a mid-cycle increase in 
a domain-general motivation to compete and achieve in order to benefit the self, a 
pattern that is not observed in HC users. Compared to fertility x HC interactions 
observed in similar studies (e.g., Arslan et  al., 2018; Schleifenbaum et  al., 2021), 
the size of this fixed effect (marginal  R2 = 0.003) was of a similar magnitude, while 
the size of the fixed and random effects (conditional  R2 = 0.484) and the size of the 
unstandardized2 regression coefficient of the interaction was considerably larger. 
The conditional  R2 reflects the between level variance (i.e., differences in intercepts 
among subjects), and variance around the effect of fertility probability for each indi-
vidual (i.e., if the slope varies among different people). This suggests that we had 
considerably more heterogeneity at the between-person level, which may reflect 
cross-cultural differences in our diverse participant pool compared to similar studies 
(e.g., Arslan et al., 2018; Schleifenbaum et al., 2021). From a theoretical perspec-
tive, mid-cycle increases in self-development competition that is only observed in 
NC women provides support for both the ovulatory competition hypothesis (Durante 
et al., 2014; Nikiforidis et al., 2017) and the theory of HCs as endocrine mediated 
behavioral disruptors (Arthur et al., 2022).

Competitive avoidance is an avoidance-based orientation, with scores indicating 
a general anxiety towards competitive situations (Orosz et al., 2018). In our study, 
weak evidence for an interaction between fertility and HC use revealed that the 
effect of fertility on competitive avoidance differed for NC women and HC users. 
However, analyzing each group separately revealed no evidence for an association 
between fertility and competitive avoidance. In other words, while the slope of fer-
tility differed between the groups, neither slope was significantly different from 
zero. This result could indicate that the current work was insufficiently powered to 

2 The use of unstandardized 5-point outcome variable is comparable to similar longitudinal designs 
(e.g., Arslan et al., 2018; Schleifenbaum et al., 2021). However, we note that previous studies used sur-
veys with a greater number of items and thus may better reflect a continuous outcome variable.
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detect a small true effect, though sensitivity analysis suggested that our work was 
powered to detect a minimum effect size of b =  ~ 0.18. It is also possible that there is 
no notable association between fertility or HCs and competitive avoidance, replicat-
ing past work (e.g., Hahn et al., 2016; Lucas & Koff, 2013; Ranehill et al., 2018). 
Given the large credible interval for this interaction, and that the interval approached 
zero (or included zero, depending on the seed value), our data suggests that competi-
tive avoidance is probably not associated with fertility or HC use to any meaningful 
magnitude. We note that this does not rule out the possibility that competitive avoid-
ance is associated with other endogenous hormones and expand upon this possibility 
in the ‘Future Directions’ below.

Results for hyper-competitiveness and lack of interest in competition provided 
weak evidence in favor of lower competitive motivation in HC users. Specifically, 
HC use was negatively associated with hyper-competitiveness and positively associ-
ated with a lack of interest in competition. A general reduction in competitiveness 
for HC users is in line with previous research demonstrating that HCs are associ-
ated with reduced competitive motivation. For instance, Casto et al., (2020, 2021a) 
reported that when competing in a physical task, NC women were willing to com-
pete longer than HC users. Bradshaw et  al. (2020) reported a similar association 
between reduced competitive persistence and HCs, whereby NC women persist for 
longer and thus outperform HC users on a series of tasks. For both of our findings, 
however, credible intervals were large and close to zero, suggesting a high degree 
of uncertainty. We recommend that these results be interpreted as preliminary and 
suggest that future research should aim to replicate these effects in a larger sample.

As highlighted by a reviewer, visual inspection of Fig. 1 (self-developmental) and 
Fig.  2 (specifically, hyper-competitive and competitive avoidance) indicates some 
variability around menstruation. Although our statistical analysis did not detect evi-
dence for an association between menstruation and any competitive orientation, it is 
possible that there are other cycle related peaks (or troughs) in competitiveness that 
our data did not detect. Future investigations into patterns across the entire cycle, 
including statistical operationalization of other cycle events (i.e., luteal phase, pre-
menstrual phase) may provide further insight into shifting motivational states.

Several null findings are also worth investigating. Counter to our hypotheses, 
hyper-competitiveness, competitive avoidance and lack of interest in competi-
tion were not associated with fertility probability in NC women, nor was there an 
interaction between fertility probability and HC for hyper-competitiveness or lack 
of interest in competition. Women are known to face societal pressure in competi-
tive contexts (see Benenson, 2013; Campbell, 2013; Reynolds 2021) and self-report 
surveys may have been vulnerable to impression management when responding to 
questions about hyper-competitiveness. In support of this possibility, the intercept 
for hyper-competitiveness was lower than self-development competitiveness (see 

Fig. 2  Levels of hyper-competitiveness, lack of interest in competition and competitive avoidance as a 
function of backward-counted cycle day. Note. This figure shows the conditional mean for a) hyper-com-
petitiveness; b) lack of interest in competition; c) competitive avoidance (y-axis), plotted based on back-
ward-counted cycle day (x-axis). Black = Hormonal contraceptive users; Red = Naturally cycling women; 
Blue = difference in splines between NC and HC groups; dashed line = estimated day of ovulation

▸
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Table 3), indicating that women were less likely to rate themselves as hyper-com-
petitive overall. Another possibility is that desire to win and to beat others is not 
associated with cycle phase or HC use. Critically, previous studies reporting that 
cycle phase and HCs are not associated with overt competitiveness (e.g., Hahn et al., 
2016; Ranehill et  al., 2018) have used measurement tools that are undermined by 
the socialization of competition in women, including self-report measures or male-
biased experimental designs tasks (for review, Casto & Prasad, 2017). Research 
investigating behavioral avoidance of (or disinterest in) competitions (as opposed to 
competitive motivation) is lacking and limits our ability to theorize regarding hor-
monal correlates of competitive avoidance. Using behavioral measures to investigate 
associations between cycle phase and the avoidance of socially competitive situa-
tions may provide a novel approach to measuring competition in women.

Nuanced Competitive Strategies in Women: Insights for Status Seeking Among 
Users and Non‑Users

The results reported here demonstrate that when studying competition in women, it 
is important to differentiate between different types of competition. Although self-
developmental competitiveness and hyper-competitiveness are both approach-based 
orientations, each orientation was associated with different behavioral strategies and 
status outcomes. One theory of status-seeking in humans indicates that there are 
two main pathways to status attainment: the prestige route and the dominance route 
(Cheng et  al., 2013, 2014; Henrich & Gil-White, 2001). Prestige-based strategies 
involve displays of skills and knowledge, while dominance-based strategies involve 
using power to coerce or influence others. Of the two approach-based competitive 
strategies studied here, self-development competition aligns with prestige while 
hyper-competitiveness aligns with dominance. For instance, self-development com-
petition is centered on the improvement of personal skills and abilities, while hyper-
competitiveness represents a desire to win at any cost (Orosz et al., 2018). Research 
also shows that both prestige and self-development competition are negatively cor-
related with aggression (Johnson et al., 2007; Ryckman et al., 1996).

Within the context of status research, a potential implication of our findings is 
that HC use may decrease the mid-cycle peak in prestige-seeking observed in NC 
women, and that HC use may decrease dominance-based status-seeking strategies 
overall. Although both dominance and prestige are effective in obtaining status 
(Cheng et al., 2013; McClanahan et al., 2021), women are more likely to use pres-
tige (Hays, 2013). A mid-cycle suppression of prestige-motivated competitiveness 
may thus have implications on HC users’ ability to gain status. For instance, while 
fertile women may use prestige to signal that they are competent and skilled, an 
attenuation of this relationship suggests that HC use diminishes the desire to signal 
competence and instrumental value to others. Given that we did not measure domi-
nance and prestige, we acknowledge that the link between our research and these 
constructs is highly speculative and requires direct investigation. Even so, given the 
importance of status in human society this is an important area for future research.
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Proposed Hormonal Mechanisms Affecting Hormones and Competition

Although we did not measure hormone levels directly, the fertile phase is accom-
panied by rising estradiol until ovulation occurs (Baird & Fraser, 1974). A fertile 
phase increase in self-development competition may thus be driven by an increase 
in estradiol. Existing hormone research has illustrated several ties between estradiol 
and competitive behaviors in humans. In adolescent girls, estradiol is positively cor-
related with aggressive risk taking (Vermeersch et  al., 2008), while women show 
positive correlations between estradiol and implicit power motivation (Stanton & 
Edelstein, 2009; Stanton & Schultheiss, 2007) and assertiveness (Blake et al., 2017). 
In men, estradiol has also been associated with psychological aggression (Eriksson 
et al., 2003), which includes behaviors women commonly use to compete with oth-
ers (e.g., social isolation, humiliation). For these reasons, we propose further studies 
investigating the role of estradiol on self-developmental competition.

The mechanisms through which HCs are associated with competition is not yet 
well understood, though it is possible that HCs influence competition through mul-
tiple pathways (for review, Arthur et al., 2022). One possibility is that HCs suppress 
a mid-cycle increase in estradiol. This possibility is supported by previous research 
demonstrating both a positive correlation between endogenous estrogens and com-
petition, and that HCs attenuate the relationship between estradiol and power that 
is experienced by NC women (Stanton & Edelstein, 2009; Stanton & Schultheiss, 
2007). Here we find that HCs attenuated the mid-cycle increase in self-developmen-
tal competition, which may support the role of estradiol in achievement-based com-
petitiveness. Direct tests of the relationship between estradiol and competition in HC 
users presents a fruitful opportunity for research.

Another possible mechanism that HCs may disrupt competition is through the 
relationship between HCs and testosterone. Testosterone has been linked to competi-
tion in men (for review, Archer, 2006) and, to a lesser extent, women (Casto et al, 
2019; Edwards & Casto, 2013). A well-documented effect of HCs is the lowering of 
serum total and free testosterone levels by an average of 31% and 61%, respectively 
(Zimmerman et al., 2014). Linking HCs and testosterone in a sample of NC women 
and a subset of HC users (oral contraceptive users only), Casto et  al., (2021a, b) 
revealed that lower testosterone levels in HC users explained differences in competi-
tiveness between HC users and NC women. In our study, the main effect of HC use 
on hyper-competitiveness may thus be explained by the depression of testosterone 
across the full cycle for HC users. Some women also experience a small-to-moder-
ate mid-cycle increase in testosterone (Bui et al., 2013; Rothman et al., 2011) which 
may explain the mid-cycle increases in self-development competitiveness in NC 
women but not HC users. However, few studies have explicitly tested the effect of 
testosterone and competitiveness in fertile NC women, limiting our ability to draw 
further conclusions.

One final possibility is that HCs disrupt competition through the extended deliv-
ery of synthetic progestins. During reproduction, an important physiological role of 
progesterone is to maintain a healthy pregnancy. Some research suggests that the 
luteal phase is associated with increased health-related risks. For example, pathogen 
avoidance is elevated for women in the luteal phase compared to follicular phase 
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(Miłkowska et al., 2021; but see, Jones et al., 2018b; Stern & Shiramizu, 2022), and 
for female mice following injection with progesterone (Bressan & Kramer, 2022). 
Progesterone is also associated with higher subjective anxiety in general (Reynolds 
et al., 2018; but see, Hahn et al., 2020). It may be that progesterone also inhibits risk 
taking that is specific to social settings, including competition (Casto et al., 2021b). 
For example, in the case of hyper-competitiveness, high levels of synthetic proges-
terone in HC may lead HC users to avoid situations that require them to compete 
with others. It is important to note that few studies have directly investigated the link 
between competition and progesterone, providing an opportunity for future research.

Though we have presented several possible mechanisms through which hormones 
may influence competition, it is likely that competition is mediated through a range 
of complex and specialized neuroendocrine pathways. For instance, mating relevant 
competition may be concentrated in the fertile phase, when estradiol is high, and 
conception is most likely. In contrast, testosterone levels may influence baseline lev-
els of competitiveness and not competitive fluctuations across the cycle. And finally, 
progesterone may drive avoidance of competitions that are physically or psychologi-
cally risky to a woman (or her future offspring). An important takeaway point is that 
these questions warrant further investigation and that investing time and money in 
understanding female physiology is important because it affects a significant propor-
tion of the world’s population.

Limitations and Future Directions

The research presented here has several limitations. Our design relied on self-report 
measures of competition, raising concerns about social desirability bias and self-
enhancement (Paulhus & Vazire, 2007). Future research testing the link between the 
self-report measures used in this study (i.e., MCOI; Orosz et al., 2018) and actual 
behavior would enhance the strength and validity of our conclusions. Our design 
also uses a general measure of competition (which could mean different things to 
different people) and assumes that participants are aware of changes to their own 
competitive motivations, despite the fact that hormones may mediate behavior 
through non-conscious mechanisms. Each day, our survey structure presented par-
ticipants with one of three possible questions for each of the four competitive orien-
tations. Although we did not use a single item measure (which are less reliable than 
scales with multiple items; Diamantopoulos et al., 2012), the presentation of ques-
tions did vary across participants and days, which may have led to an increase in 
measurement error. A replication of this study using a larger number of survey items 
or demonstrating changes to competitive behavior (in place of competitive motiva-
tion) would strengthen the impact and validity of these findings.

Our design also had limitations in terms of fertility estimates and sample size. 
In addition to estimating fertility using daily diary entries, employing non-counting 
methods (e.g., luteinizing hormone tests) would have further improved the validity 
of our estimates. Even so, research has shown that studies with large samples and 
repeated measures have many strengths, including accounting for reduced accuracy 
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in identifying the fertile phase (Arslan et al., 2022). Although our analyses included 
almost 3,900 observations, sensitivity power analyses indicated that we were only 
sufficiently powered to detect effect sizes of b =  ~ 0.18. Robustness tests which 
restricted our analyses to women who reported a next menstrual onset date (i.e., 
excluding participants that we did not need to infer a menstrual onset date; model 
2) and women most likely to ovulate (model 3), increased the validity of our cycle 
phase estimates but further reduced the overall samples size. A larger sample of 
HC users would have allowed us to investigate within-group differences among HC 
users, including comparisons of administration type, chemical formula and duration 
of HC use. These limitations could be addressed in future research by introducing 
direct hormone measurement (e.g., salivary assays, luteinizing hormone tests) and 
increasing the total sample.

A final limitation of this study is that causal effects of HCs cannot be concluded 
based on the current quasi-experimental design. It is possible that HC users differ 
from non-users in a meaningful way, leading to unobserved selection effects that 
may influence competitive motivation. Botzet et al. (2021) attempted to disentangle 
causal effects from selection effects in a study investigating the relationship between 
HCs and measures of relationship quality and sexual function. In their analysis, they 
found that age and relationship duration were significant predictors of contraceptive 
choice (e.g., hormonal vs non-hormonal), suggesting that HC users and non-users 
vary in meaningful ways. In any case, to truly determine causation, a randomized 
control trial or longitudinal design where participants are tested both on and off HCs 
would be needed.

Theoretical and Practical Implications

The theory presented in our introduction proposes that women alternate (or, ‘trade-
off’) between periods of high and low competitive motivation. Our data partially 
supports this theory while also highlighting limitations in the way competition is 
researched among female populations. To better understand the relationship between 
the menstrual cycle and competitiveness, researchers should consider using (or 
developing) measures which bypass (or are sensitive to) the socialization of female 
competitiveness. Further, although this theoretical framework presumes that high 
competitiveness during the fertile window is a byproduct of increased mating com-
petition during this period, the data collected in the current study cannot test this 
hypothesis. To investigate what drives increased competitiveness during the fer-
tile phase, researchers may seek to correlate mating related competition with other 
forms of competition.

One final caveat is that our study looked at possible high and low phases of com-
petition, though a more developed theoretical framework requires a trade with other 
biologically relevant behaviours. As outlined above, the motivational shift hypoth-
esis (Roney & Simmons, 2017) proposes that the fertile phase is associated with 
an increase in sexual motivation and decrease in feeding behavior. Investigating a 
trade-off between competition and affiliation, or competition and cooperation may 
better inform our understanding of the functional benefits of cycling competitive 
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motivation. Future research should continue to investigate the possibility of an endo-
crine-mediated trade-off between competition and other key behaviours.

Understanding how the menstrual cycle and HCs influence competition is impor-
tant because it contributes to our holistic understanding of female competition. 
Engaging in competitive situations provides women with a host of benefits that 
are only available to those willing to compete against others. For example, achiev-
ing gender equality requires that men and women compete for access to the same 
resources. Likewise, the finite number of mates in an environment means that only 
women who compete effectively will gain access to high-quality mates and the 
resources that they hold. Failing to investigate the way behavior changes across the 
menstrual cycle limits our understanding of an important biological correlate of sta-
tus behaviors, and suppressing it risks the perpetuation of masculinity as the domi-
nant biological framework for humans. Identifying potential barriers to competition 
– be it social, political or biological – is of value to women around the world.

Conclusion

Our research suggests that NC women experience fluctuations in achievement-ori-
ented competitiveness across the cycle. HC use eliminated the mid-cycle peak in 
self-developmental competitiveness and may be associated with reduced competi-
tive motivation overall. By understanding the effect of HCs and fertility on com-
petitiveness, this information can be used to inform women of the possible costs 
and benefits of HC use. This study improves our understanding of hormones and 
competition while providing new information regarding the potential psychological 
consequences of HCs.
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