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Abstract

The psychological construct of sociosexuality—one’s sexual openness or propensity to
engage in uncommitted sexual relationships—has been broadly examined within numerous
cultures and mating contexts. Although there is some evidence suggesting that components of
sociosexuality, namely behavior, desire and attitude, change within-person, relatively little
research has investigated potential sources of such variation. The aim of our study was to
explore if the individual components of sociosexuality change across the menstrual cycle,
either as a function of cycle phase or ovarian hormones. Ona »indred and two naturally
cycling women, both single and in a committed relations'up. completed questions from the
the SOI-R (Sociosexuality Revised) questionnaire threo times during a menstrual cycle,
scheduled to coincide with their early follicular, pevi-.«ulatory, and luteal phases. Women
provided saliva samples and performed lutein. iny hormone tests to distinguish between
ovulatory and anovulatory cycles. Worr »n reported slightly more openness to uncommitted
sexual relationships during the pen-2vulatory session, but significant differences were
restricted only to women who evhilit.d the luteinizing hormone surge. Ovarian hormone
concentrations within cycles cignnicantly predicted SOI Attitude and Desire scores, with
estradiol positively related. «~d progesterone negatively related to openness to uncommitted
sexuality. These effects weie generally modest in size. The results of this study suggest that

sociosexuality can vary within short periods of time, such as a single menstrual cycle.
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1. Introduction

Sociosexuality is defined as one’s propensity towards engaging in uncommitted sexual
relationships (Penke & Asendorpf, 2008; Simpson & Gangestad, 1991). The self-report scale
measuring sociosexuality, the Sociosexual Orientation Inventory (SOI; Simpson &
Gangestad, 1991), along with an updated version, the SOI-R (Penke & Asendorpf, 2008),
have been adapted to a number of different languages and validated for use in a variety of
cultural contexts (Bailey, Kirk, Zhu, Dunne, & Martin, 2000; Marcinkowska et al., 2019;
Nascimento, Hanel, Monteiro, Gouveia, & Little, 2018; Penke © ~.~endorpf, 2008). There are
three components of sociosexuality, each covering somewhat different aspects: Behavior
(asking about past experiences of uncommitted sexrair ~ncounters), Attitude (about one’s
opinions on uncommitted sexual encounters) and De.'re (about one’s wish to engage in
uncommitted sexual relations). Sociosexuality h.s #merged as an important construct within
human sexuality, as findings have linke ¢ S©JI scores to numerous aspects of human mating
systems. Some of these features are reictively stable within individuals, such as biological sex
(Clark, 2006), facial sexual dimrrol i, or facial attractiveness (Boothroyd, Jones, Burt,
DeBruine, & Perrett, 2008). Sc~iosexuality is also facultative, however, and varies depending
on ecological factors such ~s mate availability (Arnocky, Woodruff, & Schmitt, 2016),
relationship status oi re'atuunship satisfaction (Penke & Asendorpf, 2008), or national health
indices (Marcinkowska et al. 2019). Thus, while most research assesses sociosexuality as a
relatively stable, trait-like characteristic (e.g. Gettler et al., 2019; Penke & Asendorpf, 2008),
a number of studies suggest that, at least to some extent, components of sociosexuality can
change depending on both broader sociocultural context (Schmitt, 2005) and individual
factors.

Relatedly, a growing body of evidence suggests that women’s sexual feelings and

behaviors vary as a function of overall fertility (i.e., reproductive state: Marcinkowska,



Jasienska, & Prokop, 2017), position in the menstrual cycle (e.g. Arslan et al., 2018), and sex
hormone concentrations (i.e., estradiol, progesterone and testosterone: Jones et al., 2018;
Roney & Simmons, 2013). Within this body of findings, women’s overall sexual motivation
(Sheldon, Cooper, Geary, Hoard, & DeSoto, 2006; Roney & Simmons, 2013), frequency of
sexual fantasies (Sherwin, Gelfand, & Brender, 1985), and in-pair versus extra-pair sexual
interests (Grebe, Thompson, & Gangestad, 2016) have all been linked to concentrations of sex
hormones. Three predominant accounts for these hormone-linked changes have been
proposed. The “dual-sexuality hypothesis” proposes that wo™en sexual behavior changes
depending on conception probability: women direct their et tion towards putative indicators
of mate genetic quality when conception is likely, and «>wards more investing males when
conception is unlikely (Gangestad, Thornhill, & CGarv~r-Apgar, 2005). The “motivational
priority hypothesis” states that sexual motivatio. fiactions as a means of promoting general
sexual behavior whenever possibility fc- ccnception is high (and hence it balances out the
costs of mating efforts and risks of se,.1ally transmitted diseases; Roney & Simmons, 2013;
Roney, 2018). The “spandrel hvnot.'e,is” predicts that within-woman changes in mating
behavior are a by-product of ai: adaptation based on between-woman variation in levels of sex
hormones and related reprouc-t’ve behavior (Havlicek, Cobey, Barrett, Klapilova, & Roberts,
2015). While all of tiiesc hypotheses propose that women’s sexuality does fluctuate in relation
to their conception probability throughout the menstrual cycle, debate continues regarding the
precise nature of these relationships, and whether hormone-linked changes are broader or
targeted in nature (e.g. Grebe et al.,, 2016; Marcinkowska et al., 2016; Marcinkowska,
Kaminski, Little, & Jasienska, 2018; Junger et al., 2018; Gangestad et al., 2019). If women’s
sexuality in general varies throughout the menstrual cycle, mediated by changing levels of sex

hormones, one might expect that sociosexuality is one component of that shifts (Charles &



Alexander, 2011; Jones et al., 2018; Shirazi et al., 2019; van Stein, Strauss, & Brenk-Franz,
2019).

Shimoda et al. (2018) reported changes in extrapair (P = 0.01), but not in-pair (P =
0.07), sexual desire between peri-ovulatory and luteal phase (no levels of sex hormones were
measured and only 35 women took part in the study). Other recent, albeit larger study by
Jones et al. (2018), based on 584 naturally cycling women, found no evidence that facial
masculinity preference is related to changes in women’s salivary steroid hormone levels.
Another large study by Shirazi et al. (2019), based on 348 n=tui 'ly cycling women, found
that an increase in estradiol predicted elevated sociosext'ai Jesire, however changes in sex
hormones were not associated with general sexual desire. Even within this relatively narrow
research question of hormonal underpinnings of sext’al ‘esire and behavior, evidence thus far
has been mixed, with both positive and n.d results concerning propensity towards
uncommitted sexual relationships.

A better understanding of the .’nks between ovarian hormone concentrations, cycle
phase, and sociosexuality is neressary to evaluate the plausibility of various proposed
underlying evolutionary mec!anisins. The present study investigates whether multiple
components of women’s sou’ ncexuality vary between cycle phases using a large sample of
menstrual cycles. Buiiu’ny upon analyses based on cycle phase, we also collected multiple
saliva samples from women during their cycles to assess both within-woman and between-
woman relationships of ovarian hormone concentrations and reported sociosexuality. Finally,
we also had women complete daily LH tests mid-cycle to distinguish ovulatory cycles from
anovulatory ones. Following the ‘“dual-sexuality hypothesis”, we would expect to see a
significant increase in women’s sociosexuality during fertile phase, and a positive correlation
with estradiol’s and negative with progesterone’s daily levels. If, on the other hand, the

“spandrel hypothesis” was in place, we would expect to see sociosexuality significantly



related to between women (i.e. average) hormone levels, rather than within women (i.e. daily)
ones. As we did not measure in-pair vs extra-pair sexual desire, based on this set of data it
would be difficult to directly confirm or deny “motivational priority hypothesis”. More
broadly if conception probability per se was driving changes in women’s sexuality, then we
might expect to see different results for ovulatory versus anovulatory cycles.
2. Methods

2.1. Participants

One hundred and two women, on average 29 yearc 0.1 (mean=28.8, SD=4.67),
participated in the study. Criteria for inclusion were: regu.>r menstrual cycles (difference
between length of consecutive cycles not greater than 5 ¢~vs); no diagnosed health problems
of the reproductive system (e.g. polycystic ovary syna>me); and not being pregnant, breast
feeding or using hormonal contraceptives for a. e~st 3 months prior to participation in the
study. The data analyzed here were cc’«ectzd as part of a larger project conducted by the
authors in Southern Poland betwee:: 2014 and 2019 (Marcinkowska, Galbarczyk, &
Jasienska, 2017; Marcinkowska et al., 2,18, Marcinkowska 2020).

2.2 Procedure

Each woman partic.na’ed in the study throughout one entire menstrual cycle.
Participants were instr.~teu to collect daily saliva samples every morning starting from the
first day of menstrual bleeding until the end of the cycle marked by the onset of next
menstrual bleeding. A subset of these saliva samples was assayed for measurement of
estradiol (E2) and progesterone (P) concentrations (see section 2.3 for details on sample
selection). Women also took daily urine luteinizing hormone ovulation tests (LH tests)
between the 10th and 20th day of the cycle (or until a positive test result). Levels of

luteinizing hormone (LH) usually peak just before ovulation, and the LH surge can be used as



a reliable physiological estimate of the fertile window within menstrual cycle (Dunson,
Weinberg, Baird, Kesner, & Wilcox, 2001).

Based on the LH test results, participants were divided in two groups: 1) LH+ group
included participants that obtained a positive result of LH test before the 20" day of the cycle
(N=75); 2) LH- group included participants who did not obtain a positive LH test result
throughout the cycle (N=27).

During the menstrual cycle, participants attended three in-person meetings: 1) in the
early follicular phase, during the first week of the cycle (M=5 1,/ days after the onset of the
menses, SD=2.11); 2) in the peri-ovulatory period, as <uu. as possible after obtaining a
positive LH test result, or on the last day of conductinn L tests (i.e. 20™ day of the cycle) if
only negative results were obtained (M=12.11 day: w~fore the onset of the next menses,
SD=3.65); and 3) in the luteal phase, apprcxihately one week after the second meeting
(M=4.11 days before the onset of the n xt *nenses, SD=3.63). During each meeting women
completed a survey consisting of socic -demographic questions and the SOI-R questionnaire
(Penke & Asendorpf, 2008).

The SOI-R questionne:ve cunsists of nine questions (three per component), which
participants answer on a 1-9 :~2.e; scores for each of the three questions are averaged to yield
an SOI component scu.@. ~or questions on SOI Behavior (SOI-B), participants report their
number of sexual partners in the last year, number of sexual partners with whom they had
intercourse only once, and number of sexual partners with whom they did not have long-term
relationship plans. For SOI Attitude (SOI-A), participants express how much they agree with
the statement “sex without love is ok” and whether they can imagine themselves having
casual sex with someone they are not in a long-term relationship with. In the SOI Desire
(SOI-D) component, participants report how frequently they have sexual fantasies or

experience sexual arousal concerning someone they are not in a long-term relationship with,



or have spontaneous sexual fantasies involving someone they have just met. Participants
completed SOI Attitude and SOI Desire components at all three in-person meetings. As SOI
Behavior reflects current sociosexuality (i.e. sexual openness on the day of the meeting) to a
lesser extent than the other two components, it was measured only once, during the last
meeting (following Jones et al., 2018).

2.3. Hormonal Analysis

Daily concentrations of estradiol (E2) and progesterone (P) were assessed from the
day of in-person meetings, one day before meetings and two <:vs Sefore meetings, which
allowed for exploration of time-lagged effects of these hc ‘mo 1es. Sample sizes for time-
lagged hormones were reduced due to financial cons’.i.'n., which necessitated us
prioritizing day-of saliva samples for both hormones, followed by mid-cycle measurements
of E2, and luteal phase measurements of P. v~ obtained 285 E2 and P measurements for
the day-of the in-person meeting, 145 E2 a.'4 136 P measurements for one day before the
meeting and 148 E2 measurements an ! 1.7 P measurements for 2 days before the meeting.
E2 and P hormonal assays were cynducted with DRG International ELISA plates SLV4188
(sensitivity: 0.4 pg/ml, standarc range: 1 — 100 pg/ml) for estradiol and SLV3140 for
progesterone (sensitiity: 2.5 pg/ml, standard range: 10-5000 pg/ml). All measurements
were conducted in dupli.ates. Inter-assay and intra-coefficients of variation were within an
acceptable range: 10.01% and 7.5% for E2, and 14.1% and 4.9% for P, respectively
(Schultheiss & Stanton, 2009).

2.4. Data analysis

We conducted a series of linear mixed-effect models (LMM) using the Ime4 package
(Bates, Machler, Bolker, & Walker, 2015) in R. To account for within-participant dependency

of responses, we included a participant-level random intercept in models predicting the



Attitude component (SOI-A) and Desire component (SOI-D) of sociosexuality. As the
Behavior component (SOI-B) was measured only once, we ran linear regressions for this
measure rather than LMMs. Within the family of models predicting each SOl component, we
conducted one set of analyses with test session (our proxy of cycle phase) as the key
predictor of interest, and a parallel set of models with z-scored E2 and P concentrations as
the predictors of interest.

Finally, within the set of analyses assessing ovari'n hormones, we performed
separate regressions for day-of hormone concentrations, ne Jlay lagged concentrations,
and two day lagged concentrations. All analyses contair e '+ status (confirmed vs. not) and
relationship status (single vs. in a committed relati.nsh'p) as between-woman factors, and
included two-way interactions between eaci of these factors and ovarian hormone
concentrations / cycle phase. All degrers (f ticedom were estimated using Satterthwaite
approximation and are reported to ti.= nearest whole number.

In LMM analyses using ovar.a 1 hormones, one can assess two orthogonal measures
of variation for each hormon<: w.*hin-woman (levels mean-centered within-woman), and
between-woman (variation ac'oss woman-specific means; see West et al., 2011). We
entered both terms n . ir analyses and reported results for each. As an alternative analytic
strategy, grand-mean centering hormone levels (as opposed to separating within-woman
and between-woman components) allows for analysis of the total association of a hormonal
measure with an outcome (e.g., Kreft et al., 1995); we report these alternative models in our
Electronic Supplementary Materials (ESM 2).

All data and analysis scripts necessary to reproduce our results are available in
Electronic Supplementary Material (ESM).

3. Results



3.1. Within-Woman Correlations of SOI-D and SOI-A

Table 1 reports the within-woman correlations of SOI-D and SOI-A scores across
sessions. Within SOI components, correlations are high: 0.77 < r <0.85 for SOI-D; 0.77 <r <
0.78 for SOI-A. Correlations between components’ scores at the same session are somewhat

weaker, though still exceeding 0.5.

3.2. SOI Desire

3.2.1. Cycle Phase

In our model predicting SOI-D from cycle phase ~nd its interactions with LH status
and relationship status, we found a non-significant main >frect of phase: F(2,190) =1.49, p =
0.227. Predicted SOI-D scores were slightly high2r during the peri-ovulatory session (3.23 £
0.16 on a 9-point scale) than the follicular s~ssion (3.07 + 0.16) or luteal session (2.97 +
0.16); no pairwise comparisons between ,‘hases reached statistical significance. The main
effect of relationship status was hic..!v significant (t(100) = -4.00, p < 0.001), with single
women reporting higher SOI-D (4.0~ + 0.28) than women in relationships (2.73 £ 0.17). The
interaction between cycle phace ad relationship status was non-significant (F(2, 190) = 1.13,
p = 0.326); the interact’'on ~etween LH status and cycle phase fell just short of statistical
significance (F(2, 189) = 2.56, p = 0.080). Post-hoc pairwise comparisons of the LH status x
cycle phase interaction revealed just one statistically significant difference that survived p-
value adjustment for multiple comparisons: SOI-D differences between the peri-ovulatory
phase and luteal phase in LH+ women (peri-ovulatory scores exceeded luteal scores by 0.48 +
0.14, p = 0.008).

3.2.2. Ovarian Hormones

In the model assessing concurrent, within-woman centered concentrations of E2 and

P, along with women’s average concentrations of these hormones across all measurements,



we found significant, opposing effects of within-woman variation for the two hormones:
positive for E2 (t(174) = 2.18, p = 0.031) and negative for P (t(174) = -2.08, p = 0.039).
Between-woman effects of these hormones were weaker and non-significant, though
directionally consistent with within-woman effects: t(95) = 0.82, p = 0.416 for E2; t(96) = -
1.26, p = 0.210 for P. No interactions between these hormonal effects and relationship status
or LH status reached statistical significance; as with results for cycle phase, the main effect of
relationship status was significant, with single women scoring higher on SOI-D (t(92) = -3.84,
p <0.001). See Table 2 for full model results.

Lagged within-woman effects of hormone conce itr.‘ions, based on a substantially
reduced number of measurements, were uniformly n~n-sianificant predictors of SOI-D; see

Table S1 in ESM 1.

3.3. SOI Attitude

3.3.1. Cycle Phase

Like SOI-D, SOI-A dic not differ significantly across cycle phases F(2,189) = 1.92, p
= 0.149), though predictea ~crres were once again slightly higher for the peri-ovulatory
session (4.40 = 0.25; compared to either the follicular session (4.27 £ 0.25) or luteal session
(3.95 £ 0.25). Here, the main effect of relationship status fell just short of significance (t(99) =
-1.96, p = 0.054), but ran in the same direction as the SOI-D model (4.94 + 0.44 for singles
vs. 3.93 + 0.27 for women in relationships). The interaction between cycle phase and
relationship status was non-significant (F(2, 189) = 0.18, p = 0.837), as was the interaction
between LH status and cycle phase (F(2, 188) = 1.88, p = 0.155). Post-hoc pairwise
comparisons of the LH status x cycle phase interaction revealed just one statistically

significant difference that survived p-value adjustment (the same significant comparison from



SOI-D analyses): SOI-A scores during the peri-ovulatory session were higher than luteal

session scores in LH+ women (difference of 0.66 + 0.23, p = 0.047).

3.2.2 Ovarian Hormones

Results for hormonal predictors of SOI-A were qualitatively similar to results for SOI-
D. Relationship status was significant as a main effect (t(90) = -2.30, p = 0.024). E2 and P had
differing within-woman effects on SOI-A: we observed a non-significant effect for E2 (t(173)
= 0.96, p = 0.338), but a significant and negative effect for 2 (t(174) = -2.53, p = 0.012).
Between-woman main effects of both hormones were non-si¢ nificant (t(95) = 1.48, p = 0.143
for E2; t(96) = -0.97, p = 0.335) for P), but both were gual. “ies by interactions with LH status
(Table 3). Decomposing these interactions, the simg'= sl pe of average E2 concentrations on
SOI-A scores was significant and positive for L}+i-.2gative women (1.54 + 0.61), but negative
and non-significant for LH-positive womz> (-7 53 £ 0.30). The simple slope of average P
concentrations was significant and negativ~ for LH-negative women (-1.14 + 0.54), but
positive and non-significant for '_r nositive women (0.51 = 0.34). We observed no
comparable interactions of wi*hin-wwvoman hormone concentrations and LH status. No
interactions between any hori.»anal measurements and relationship status reached statistical
significance. See Table  for ‘ull results.

Lagged within-+uman effects of hormone concentrations were uniformly non-
significant predictors of SOI-A, whether one-day or two-day lagged, though there was once

again substantially reduced statistical power in these analyses; see Table S2 in ESM 1.

3.3 SOl Behavior



SOI-B was only assessed during the third session, precluding an analysis of how
scores varied across sessions. In a model including both concurrent and average hormone
concentrations as predictors on SOI-B, hormonal main effects trended in the same direction as
for SOI-D and SOI-A analyses, but were uniformly non-significant. Between-woman E2
significantly interacted with relationship status in this model, such that for single women, the
slope of E2 was negative and significant (-0.99 + 0.46), and for paired women, was positive

and non-significant (0.13 + 0.25). See Table 4 for full results.

3.4 Combined SOI Scores

While our focus in this study was on predictors of in.'vidual SOl components, one might
also wonder how cycle phase or ovarian hormones preu:~c SOI-R overall. This question can
be assessed in two different ways: first, via mod./, th.at predict the sum of SOI-D and SOI-A
(the two components measured multiple *f:me; across the cycle); and second, via models that
predict the sum of all three componen.: (SOI-D, SOI-A, and SOI-B), although analyses here

are restricted to the third session in wtic1 women completed all three SOI components.

For the SOI-D + SOI-A scm, Jifferences between cycle phases fell short of significance,
F(2,189) = 2.46, p = 0.085), *Mmth peri-ovulatory scores (7.64 + 0.37) slightly exceeding either
follicular (7.34 = 0.37) or 'uteal scores (6.92 + 0.37). Reflecting results from individual
components, peri-ovulatory scores were significantly higher than luteal scores in LH+ women
only (t(189) = 4.02, p = 0.001). In models with ovarian hormones as predictors, within-
woman E2 showed a positive relationship that fell just short of significance (t(172) = 1.77, p
=0.079), whereas within-woman P showed a significant negative relationship (t(172) = -2.87,
p = 0.005). See Figure 1. Also reflecting previous results, between-woman main effects of
both hormones were non-significant, but qualified by interactions with LH status. The simple

slope of average E2 concentrations was significant and positive for LH-negative women (2.01



+ 0.93), but negative and non-significant for LH-positive women (-0.62 = 0.45). The simple
slope of average P concentrations was negative and nearly significant for LH-negative women

(-1.57 £ 0.81), but positive and non-significant for LH-positive women (0.42 + 0.52).

Figure 1. Predicted marginal effects of within-woman estradiol and progesterone on SOI-R

Combined scores (SOI-D + SOI-A). Shaded bands represent 95% confidence intervals.

For the SOI-D + SOI-A + SOI-B sum, within-woman E2 ar.” P showed opposing,
significant effects: t(68) = 2.49, p = 0.015 for E2; t(68) =-2.0 p =0.042 for P. In addition,
average ovarian hormone concentrations were found to i:ite,~~c with LH and relationship
status in some cases. Average E2 interacted with rela:onship status, such that its effect was
negative in single women only. Average P intersct.d with LH status, such that its effect was

negative in LH- women only. See Table S~ .7 ECML.

3.5 Robustness Analyses

We assessed the sensitivity cf our “esults to a number of alternative, defensible analytic
strategies: i.e., models using iv2-uansformed instead of raw hormone concentrations; models
using a logged hormone atic (In(E/P); cf. Baird et al., 1991; Gangestad et al., 2019) rather
than individual concentrai .ons; and models substituting grand-mean centered hormone
concentrations for individual within-woman and between-woman components. We present the
full results of these robustness analyses in our Electronic Supplementary Material. In general,
significant within-woman main effects of hormones were robust to alternative model
specifications, and grand-mean centered main effects of hormones closely tracked within-
woman centered effects. In contrast, the significant interactions between average hormone
levels and relationship status or LH status, reported above, exhibited less robustness when

assessed in alternative models. See ESM 2 for full results.



4. Discussion

In this study, we assessed women’s self-reported sociosexuality at multiple time points
to determine whether it might differ as a function of cycle phase or ovarian hormone
concentrations. We found only limited evidence that sociosexuality varies between putative
cycle phases: while women reported slightly less restricted sociosexuality around the peri-
ovulatory period, pairwise comparisons revealed only one robust difference, in which peri-
ovulatory sociosexuality scores were less restricted than luteal phase scores in LH+ women
only. While inextricably linked to cycle phase, actual ovarian hoi,mones exhibited somewhat
more consistent associations with sociosexuality. In most ani.'yses performed, within-woman
E2 was positively related to SOI scores, and within--voman P was negatively related.
Exceptions to these general patterns emerged in anrlys~s with smaller sample sizes—either
lagged hormonal measurements, or the SOI B cr.nponent that was only measured once.
Additionally, SOI scores strongly depe 'der. on relationship status—single women showed
more interest in uncommitted sexual re'ationships than paired ones, likely due to the costs of
extra-pair mating women in relatienst.*r; could incur.

Our results provide fu-ther, broader analysis that supplements and expands upon
previously published studies. Cur results are partially consistent with Shirazi et al. (2019),
who also found that w.*hii-woman changes in E2 positively predicted SOI-D and total SOI
scores (but not SOI-A), though changes in P did not significantly predict any element of SOI.
Our results contrast with Jones et al. (2018), who reported no evidence that within-woman
changes in sociosexuality track ovarian hormone concentrations. Lastly, Van Stein et al.
(2019) did not find changes in SOI-R total score or its components across the menstrual cycle;
however, they did not have hormonal data and did not control for relationship status.
Importantly, when conducting the SOI-R questionnaire multiple times within short time

periods, inclusion of the SOI Behavior component will decrease the total score variation, as



responses to questions, e.g. about overall lifetime number of short-term sexual relationships,
are unlikely to vary as much as attitudes or desires concerning uncommitted sexual
relationships. Based on the results of our study, we suggest that for within-individual designs,
SOI-R components should be analyzed separately.

Additionally, our results suggest that estimated cycle phase, in absence of other
information about women’s cycles, might be too noisy of a variable to reliably detect cyclic
variation in SOI, perhaps due to variation in cycle length, inter-individual variation in sex
hormones and/or an appreciable number of cycles in which th= ¢, mected LH surge does not
occur. Indeed, we only found significant differences in sr.cicsexuality between cycle phases
when restricting analyses to LH+ cycles. In contrast ti.> relatively consistent relationships
between sociosexuality and ovarian hormone f'ucciations provides further evidence
supporting the notion that gonadal hormone f'uc a2‘ions mediate shifts in women’s sexuality
(Grebe et al., 2016; Roney & Simmons, Z017).

Differences in sociosexuality uotween the peri-ovulatory and luteal phases, and as a
function of ovarian hormone fluctiat o7 across the cycle, are consistent with both the dual-
sexuality and, indirectly, for m.tiva.donal priority hypotheses (Roney, 2018; Gangestad et al.,
2019). As the SOI-R meastire rpenness towards uncommitted sexual relationships in general,
in this study we coulu nou discriminate between in-pair and extra-pair sexual attitude and
desire, which would be necessary to adjudicate between these two hypotheses. In contrast, our
results do not support the “spandrel hypothesis” (Havlicek et al., 2015), as between-woman
differences in ovarian hormones did not predict reported sociosexuality.

While more work should be done to determine whether the interactions we report
between average ovarian hormones and LH status are robust, it is interesting that the
significant between-women hormonal effects were found in non-ovulatory cycles only. As

these interactions were not as robust as within-woman main effects in supplementary analyses



(ESM 2), one possibility is simply that these interactions are spurious. However, if these
patterns proved robust, it could be because anovulatory cycles could putatively be
characterized by a greater variation in hormonal levels (which could then lead to a lack of
ovulation). A second possibility is that varying lengths of follicular and luteal phases made it
sometimes impossible for LH tests conducted between the 10™ and 20™ day of the cycle to
correctly detect timing of ovulation, and the peri-ovulatory meeting accordingly. More in-
depth analysis of anovulatory cycles would be needed to distinguish between these
possibilities.

There are three main limitations relevant to the in*ci.vetation of our results. The first
is the effect size of our significant results. Taking SO1-D as an example, our standardized
coefficients predict that SOI-D increases by just C.z oints for every one SD increase a
woman experiences from her average E2, and dc ‘reases by just 0.16 points for every one SD
increase from her average P concentrz<ors. While these effect size estimates are likely
attenuated by measurement error, suv a modest magnitude suggests that there are other
characteristics, both circumstantial .07 intrinsic to the individual, that explain the vast
majority of the variation in soc asexdality. Small effect sizes also suggest that a large number
of observations is likely nece~s7ry to achieve the power necessary to detect true associations.
Additionally, followiny nicviously suggested statistical approach ((Jones, Marcinkowska, &
DeBruine, 2019; Stern, Arslan, Gerlach, & Penke, 2019), however see (Gangestad, Dinh,
Grebe, Del Giudice, & Thompson, 2019)), we have conducted multiple robustness tests (see
ESM 2), where we have tested whether observed results are sensitive to specific analytic
decisions.

We did not find any associations between lagged hormone concentrations and
sociosexuality, even though Roney and Simmons (2013) do report some significant

associations with overall sexual desire. While this pattern of effects could be interpreted as



evidence that only general sexual desire, not sociosexuality, tracks ovarian hormones
concentrations from days prior, it could simply be due to the fact that we had a much smaller
number of lagged hormone measurements available, and we missed true effects that were
small in magnitude. Even a large sample such as ours likely has limited statistical power when
missing data is pervasive.

A second limitation is a lack of randomization in the order of meetings and
questionnaire administration. It is possible that due to the repetitive answering of the same
questions in a particular order, variation in responses would reflac. <imply a rehearsed answer
(wherein participants tried to match their previous scores i stead of giving a new answer)
instead of showing real variation in actual sociosexuality. However, if that was the case, we
would have expected to see a flat or linear trend froi~> the 1% to 3™ meeting. Instead, we
observed a slight bell curve pattern in the scorrs : atz.ined.

A third, rarely addressed, pc sib'e limitation is related to the fact that all
sociosexuality measurements were s>if-reported. According to the ‘social desirability
hypothesis’, participants completing .1 veys will respond in a manner viewed by others as
favorable (Meston, Heiman, T.one.l, & Paulhus, 1998). It is thus possible that the scores for
sociosexuality would be hiai.~<' in the peri-ovulatory phase not because of an actual shift in
feelings towards uncon.miued sexual relationships, but because of lower social desirability of
participants (in a similar manner as, for example, social anxiety is related to changing levels
of sex hormones (Reynolds et al., 2018)). In that case, the changes observed would be in the
realm of general openness to discuss issues related to one’s own sexuality, not in
sociosexuality per se. This may be particularly likely for the SOI Attitude component, as it
“reflects social self-representation and cultural socialization” (Penke & Asendorpf, 2008).
However, assuming such bases for observed variability, one could speculate that the

mechanism driving the decrease of social desirability (and hence increase in openness to



share one’s true sexual openness) could be unique to reported changes in sociosexuality. In
the future this could be accounted for by including measures of actual sexual behaviors and,
therefore, testing the predictive validity of changes in sociosexuality for variation in sexual
behavior.

In conclusion, the results of this study are consistent with the notion that
sociosexuality can vary even within short periods of time, such as during a single menstrual
cycle. Observed relationships also provide support for the idea that cyclic changes in multiple

aspects of women’s sexuality are mediated by shifts in their ovo+ia.. hormone concentrations.
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Table 1. Correlation table for SOI-A and SOI-D scores across sessions.

Follicular SOI- Peri- Luteal Follicular Peri- Luteal SOI-
D Ovulatory SOI-D SOI-A Ovulatory A
SOI-D SOI-A
Follicular SOI-D 1
Peri-Ovulatory SOI- 0.85 1
D
Luteal SOI-D 0.77 0.81 1
Follicular SOI-A 0.64 0.69 0.58 1
Peri-Ovulatory SOI- 0.61 0.67 0.52 0.77 1
A
Luteal SOI-A 0.44 0.52 0.51 0.78 0.77 1

Table 2. Linear mixed models predicting SOI-D scores. For . «cle phase results, effects
represent differences between listed phase and overall n-con. Zffects with p < 0.10 in
italics; p < 0.05 in bold.

Cycle Phase
Effect Estimate (y) SE i DF t p
Phase (follicular) -0.02 0.0 B 190 -0.30 0.766
Phase (peri-ovulatory) 0.12 ').U_,‘ 7 189 1.63 0.103
Relationship Status -0.66 B v.16 100 -4.00 <0.001
LH Status -0.09 | 0.17 98 -0.57 0.572
Phase (foll) x Relationship O.L; 0.07 191 0.42 0.673
Phase (peri) x Relationship T).10 0.07 190 -1.47 0.144
Phase (foll) x LH ﬂ» 0.03 0.07 189 0.41 0.680
Phase (peri) x LH -0.15 0.07 189 -2.14 0.036
Hormone Levels
Effect Estimate (y) SE DF t p
Relationship Status -0.65 0.17 92 -3.84 <0.001
LH Status -0.04 0.17 90 -0.24 0.815
Within-Woman Centered Hormones
Estradiol 0.20 0.09 174 2.18 0.031




Progesterone -0.16 0.08 174 -2.08 0.039
E2 x Relationship -0.09 0.09 175 -0.98 0.328
P x Relationship 0.10 0.08 173 1.27 0.205

E2 x LH Status -0.12 0.10 174 -1.29 0.198

P x LH Status -0.01 0.08 173 -0.09 0.931

Between-Woman (Average) Hormones

Estradiol 0.18 0.22 95 0.82 0.416
Progesterone -0.27 0.22 a6 Nl -1.26 0.210
E2 x Relationship -0.11 0.18 9y -0.63 0.533
P x Relationship -0.15 0.20 N 96 -0.78 0.437
E2 x LH Status 0.29 o2 94 1.29 0.200
P x LH Status -0.18 J.20 96 -0.86 0.392

Table 3. Linear mixed models prricu.ng SOI-A scores. For cycle phase results, effects
represent differences between lis el phase and overall mean. Effects with p <0.10 in
it lics; p < 0.05 in bold.

Cycle Phase

Effect J:sumate (y) SE DF t p
Phase (follicular) N\ 0.14 0.12 189 1.17 0.245
Phase (peri-ovulatory) 0.10 0.12 188 0.82 0.412
Relationship Status -0.50 0.26 99 -1.96 0.053
LH Status -0.23 0.26 97 -0.89 0.377
Phase (foll) x Relationship -0.06 0.11 190 -0.53 0.595
Phase (peri) x Relationship 0.00 0.11 189 0.02 0.983
Phase (foll) x LH 0.11 0.11 188 1.01 0.316




Phase (peri) x LH -0.21 0.11 188 -1.94 0.054
Hormone Levels
Effect Estimate (y) SE DF t p
Relationship Status -0.59 0.25 90 -2.30 0.024
LH Status -0.13 0.26 89 -0.49 0.624
Within-Woman Centered Hormones
Estradiol 0.14 0.15 173 0.96 0.338
Progesterone -0.33 0.13 174— )| -2.53 0.012
E2 x Relationship 0.13 0.15 175 0.87 0.387
P x Relationship 0.09 0.13 N 173 0.67 0.503
E2 x LH Status 0.10 01’ 173 0.63 0.528
P x LH Status -0.12 | J.13 173 -0.92 0.357
Between-\w'~man (Average) Hormones
Estradiol 0.F2 (%) 0.34 95 1.48 0.143
Progesterone -0 32 0.33 96 -0.97 0.335
E2 x Relationship L 0.06 0.28 99 0.21 0.831
P x Relationship N\ -0.46 0.30 86 -1.52 0.132
E2 x LH Status 1.03 0.34 93 3.04 0.003
P x LH Status -0.82 0.31 95 -2.66 0.009

Table 4. Multiple regression predicting SOI-B scores. Effects with p < 0.10 in italics; p < 0.05

in bold.
Effect Estimate SE DF t p
(b)
Relationship Status -0.22 0.22 68 -1.01 0.318
LH Status -0.09 0.16 68 -0.53 0.600




Within-Woman Centered Hormones

Estradiol 0.25 0.23 68 1.09 0.280
Progesterone -0.23 0.38 68 -0.59 0.556
E2 x Relationship 0.18 0.23 68 0.78 0.436
P x Relationship -0.13 0.31 68 -0.43 0.667
E2 x LH Status 0.23 0.24 68 0.99 0.325
P x LH Status -0.33 0.31 68 -1.04 0.301
Between-Woman (Average) Horrr'o..—°c

Estradiol -0.43 0.28 63 -1.57 0.122
Progesterone 0.17 0.33 N 68 0.51 0.615
E2 x Relationship 0.56 02’ 68 2.26 0.027
P x Relationship -0.46 J.30 68 -1.55 0.125
E2 x LH Status 0.26 | 0.23 68 1.16 0.251
P x LH Status -032 & 0.20 68 -1.61 0.111
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