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A B S T R A C T

Infidelity is the major cause of breakups and individuals with a history of infidelity are more likely to repeat it,
but may also present a greater opportunity for short-term sexual relationships. Here in a pre-registered, double-
blind study involving 160 subjects we report that while both sexes valued faithful individuals most for short-term
and long-term relationships, both single men and those in a relationship were more interested in having short-
term relationships with previously unfaithful individuals than women. Oxytocin administration resulted in men
rating the faces of unfaithful women as more attractive and likeable but in women rating those of unfaithful men
as less attractive and also finding them less memorable. Oxytocin also increased single men’s interest in having
short-term relationships with previously unfaithful women whereas it increased single women’s interest in
having long-term relationships with faithful men. Thus, oxytocin release during courtship may first act to am-
plify sex-dependent priorities in attraction and mate choice before subsequently promoting romantic bonds.

1. Introduction

Individuals who have previously been unfaithful in a relationship
are over 3 times more likely to repeat this in subsequent ones (Knopp
et al., 2017), and infidelity is the most common cause of divorce
(Lansford, 2009). Indeed, social knowledge about prospective partners,
particularly in terms of previous infidelity, can significantly influence
their perceived attractiveness (Quist et al., 2012; Wyckoff et al., 2019).
Thus in women, knowledge of previous infidelity reduces the perceived
facial attractiveness of men (Quist et al., 2012). Gossip is also a pow-
erful social medium for disseminating social knowledge about others
and negative information appears to be used as an intrasexual compe-
tition strategy to reduce a rival’s value as a prospective mate. However,
gossip can additionally be used strategically to disseminate positive
information about allies (McAndrew et al., 2007; McAndrew and
Milenkovic, 2002).

Infidelity in a partner represents a long-term relationship risk to
both sexes that can particularly impact negatively on females in terms
of loss of support for raising offspring but for males may also increase
the risk of being cuckolded and raising another male’s offspring (Buss
and Schmitt, 1993). Indeed, it is argued that this difference in the
perceived risk of infidelity by the sexes is reflected in women being
more concerned by emotional infidelity but men by sexual infidelity
(Buss et al., 1992; Buss, 2018; Sagarin et al., 2012). However, while

both sexes clearly prefer fidelity in a prospective long-term partner,
there may be some sex differences in the context of short-term re-
lationships. According to the Parental Investment Theory (Trivers,
1972) men are more likely to pursue short-term relationships and en-
gage in casual sex in order to increase their reproductive potential (Buss
and Schmitt, 1993; Oliver and Hyde, 1993) whereas women with a
greater obligatory parental investment are more likely to seek long-
term partners. However, women may also pursue short-term relation-
ships to maximize their chance of reproducing with more masculine
men who have the highest levels of genetic fitness (Penton-Voak et al.,
1999) or in the context of resource allocation or mate switching prio-
rities (Buss et al., 2017; Greiling and Buss, 2000).

There is also an element of social learning in mate choice: “wanting
women other men want or vice versa”, known as “mate-choice copying”
(Place et al., 2010) which could be evidenced by knowledge that in-
dividuals have had multiple affairs. As Scott Fitzgerald wrote of
Gatsby’s perception of Daisy in “The Great Gatsby” (Fitzgerald, 1925):
“It excited him, too, that many men had already loved Daisy – it in-
creased her value in his eyes”. Overall therefore, individuals with a
previous history of infidelity could be considered as more attractive for
short-term relationships in men rather than in women, due to a greater
perceived potential availability for reproduction opportunities.

In terms of the biological underpinnings of evolutionary sex-dif-
ferences in human mate choice strategy, one potential candidate is the
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highly evolutionarily conserved neuropeptide oxytocin (OXT) which
plays a key role in the formation and maintenance of affiliative and
partner bonds in a number of species (Cavanaugh et al., 2014;
Donaldson and Young, 2008; Kendrick et al., 2017), including humans
(Preckel et al., 2014; Scheele et al., 2013, 2012), as well as in social
learning (Hu et al., 2015) and conformity (De Dreu and Kret, 2016; Luo
et al., 2017a, 2017b; Xu et al., 2019). In humans, OXT facilitates sex-
dependent differences in social priorities, particularly in terms of po-
sitive or negative social attributes (Gao et al., 2016; Luo et al., 2017a,
2017b; Scheele et al., 2014). Oxytocin can also sex-dependently facil-
itate approach (female) or avoidance (men) behavior towards attractive
strangers of the opposite sex (Preckel et al., 2014; Scheele et al., 2012)
although in men its avoidance effects only occur in men already in a
relationship and not in single individuals (Scheele et al., 2012). How-
ever, it is currently unknown whether OXT may influence evolved sex-
differences in human mate-choice priorities and additionally whether
its effects are modulated by the different priorities for finding a new
partner in those who are single (high) as opposed to those in an existing
stable relationship (low).

Against this background we have therefore investigated whether
sex-dependent biases in patterns of mate choice revealed by knowledge
of previous emotional or sexual fidelity/infidelity in men and women
who are either currently single or in a committed relationship, are in-
fluenced by intranasal OXT administration. We hypothesized firstly that
under placebo (PLC) control conditions men would exhibit a greater
short-term relationship preference for women who had been unfaithful
in a previous relationship whereas women would exhibit an aversion to
unfaithful men and instead show a greater long-term relationship pre-
ference for men who had previously been faithful. Secondly, we hy-
pothesized that under OXT such sex differences in mate preference
would be enhanced and particularly in single individuals who should
have a greater priority for finding a partner (either for a short or long-
term relationship) than those already in an established relationship.

2. Methods

2.1. Participants

160 heterosexual human subjects (80 males, age range 18–27 years)
from the University of Electronic Science and Technology of China (UESTC)
were recruited to take part in a double-blind, placebo-controlled, between-
subject design experiment. An initial power analysis showed that with this
number of subjects the study had > 80% statistical power for detecting
significant effects with a medium effect size (Partial eta squared (η2

p) = 0.06
for ANOVAs and Cohen’s d= 0.45 for post-hoc tests – G*Power 3.1.9.4).
Previous OXT administration studies have generally reported small to
medium effect sizes (Walum et al., 2016). And the power analysis for AN-
OVAs was based on the four different treatment and gender groups and the
p value was adjusted for the number of potential treatment effects in four
way ANOVAs (p= 0.05/15, i.e. p= 0.0033). When relationship status was
included to make 8 different groups then the ANOVA power was reduced to
66%. All subjects signed written informed consent, spent 2.5 h in the lab on
average and received monetary compensation (100 CNY) for their partici-
pation. The study was approved by the local ethics committee at the Uni-
versity of Electronic Science and Technology of China and was in ac-
cordance with the latest revision of the Declaration of Helsinki. The study
was also pre-registered on the NIH registration website (Trial ID:
NCT02733237; https://clinicaltrials.gov/ct2/show/NCT02733237).

All subjects had normal or corrected-to-normal vision, were not
color-blind and reported no history of or current neurological or psy-
chiatric disorders. Subjects were free of regular and current use of
medication and instructed to abstain from caffeine, nicotine and alcohol
intake the day before and on the day of the experiment. None of the
female subjects was pregnant or using oral contraceptives or tested at
specific stages of their menstrual cycle. Using onset date of previous
menses and cycle length (mean ± sem: 30.83 ± 0.37 days) provided

by the subjects we estimated (backward counting (Gangestad et al.,
2016)) whether they were in follicular phase (between the end of
menses and ovulation, high conception risk) or luteal phase (after
ovulation and before the onset of menses, low conception risk) on the
experimental day (Penton-Voak et al., 1999). Eight females reported
having irregular menstrual cycles and were excluded for menstrual
cycle related analysis. The proportion in their follicular (n= 39; 22 in
the OXT group) or luteal (n= 33; 16 in the OXT group) phases did not
differ between the groups (Fisher’s exact test: p= 0.636, two-sided).
There were no significant menstrual cycle effects found for results ob-
tained in the study itself (see Supplementary results). Inclusion criteria
were subjects who were either currently single (n = 82; 39 males) or
those who were currently in a committed relationship of > 6 months
duration (32.00 ± 2.45 months; n = 78; 41 males). Relationship status
was included as a factor since previous studies have indicated that it
can modulate OXT effects in men (Scheele et al., 2012; Zhao et al.,
2018). All single subjects expressed an interest in finding a heterosexual
romantic partner and those in a relationship reported that it was a
stable exclusive one and that they were not looking for another partner.
Indeed, subjects in a relationship scored significantly higher on the
passionate love scale than single subjects (102.09 ± 1.55 vs.
96.46 ± 1.70 - t(158) = 2.442, p= 0.016, d = 0.387) providing fur-
ther support for their being in love. Both the individuals in the singles
and relationships groups had relatively limited experiences in terms of
previous relationships with 77.5% of them having had no previous
partners or a maximum of one (37.5% none and 40% one with similar
proportions in both groups). Thus, it is unlikely that many of the sub-
jects had extensive actual experience of infidelity or fidelity behavior in
a previous partner.

To control for potential confounds, before intranasal treatment all
subjects completed a range of validated questionnaires (Chinese ver-
sions) measuring mood, personality traits and attitudes toward love,
trust and forgiveness (see Supplementary methods). Univariate
ANOVAs on questionnaires and age showed no significant differences
between the OXT- and PLC-treated males and females (sex x treatment
interaction: all ps> 0.070; see Table 1).

2.2. Intranasal administration

Subjects were randomly assigned to receive intranasal administra-
tion of either OXT (n= 80, 40 males and 40 females; 40 IU; OXT-Spray,
Sichuan Meike Pharmaceutical Co. Ltd, China; 5 puffs of 4 IU per nostril
with a 30 s interval between each puff) or PLC (n= 80, 40 males and 40
females; identical sprays with the same ingredients other than the
neuropeptide, i.e., glycerin and sodium chloride) following a standar-
dized protocol (Guastella et al., 2013). In previous studies, we have
found similar behavioral and neural effects of 24 and 40 IU OXT doses,
although the higher dose tended to produce more consistent results
(Geng et al., 2018; Xu et al., 2015; Zhao et al., 2017) and this was
recently supported by a study from another group showing dose-de-
pendent effects using these same doses (Shin et al., 2018). We therefore
decided to use the higher 40 IU dose here to try and maximize effects.
Although we could not measure blood or cerebrospinal fluid OXT
concentrations following intranasal application other studies have re-
ported that they produce only relative small increases within the gen-
eral physiological range (Quintana et al., 2018; Striepens et al., 2013).
While it is currently unclear whether intranasal OXT produces direct
effects on the brain or also indirectly via peripheral effects, it has been
established that OXT administered via this route does enter into the
brain cerebroventricular system in monkeys (Lee et al., 2018) and alters
cerebral blood flow in an extensive number of brain regions known to
express OXT receptor mRNA in humans (Paloyelis et al., 2016). A re-
cent study comparing functional and brain effects of intranasal and
intravenous OXT administration also only found effects when it is given
intranasally (Quintana et al., 2016). For allocation of the participants to
the two treatment groups a computer-generated list of random numbers
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was used (groups, n = 2; numbers per group, n = 40; simple rando-
mization). Treatment allocation was done by an experimenter not in-
volved in data acquisition and analyses. Subjects and experimenter
were blind to drug condition. In post experiment interviews subjects
were unable to guess better than chance whether they had received
OXT or PLC treatment (81 subjects guessed correctly; χ2= 0.025,
p= 0.874). In line with standardized recommendations (Guastella
et al., 2013) and two studies reporting pharmacodynamics of central
effects of intranasal OXT in humans (Paloyelis et al., 2016; Spengler
et al., 2017) the experimental paradigm started 45 min after intranasal
treatment. During these 45 min subjects were given instructions on
performing the task, and simply asked to relax but were not allowed to
use their mobile phones and internet. For the first 30 min. they could
read a magazine or play offline simple computer games if they wanted,
but neither the computer games nor the magazines included any overt
social/sexual/competitive components (i.e. computer games were all
solitaire spatial problem solving or cardgame types such as standard
Microsoft games, and magazines were all technical, scientific or geo-
graphical). This control over the subjects’ post-treatment activities was
due to previous experiments reporting possible potential steroid and
peptide interactions with sex hormones such as testosterone having
been shown to be increased by sexual arousal (van Anders et al., 2011).
For the remaining 15 min before the experiment started subjects were
familiarized with the testing environment and given a number of trial
stimuli as practice (in this case the faces shown were paired with
neutral verbal statements which did not suggest either fidelity or in-
fidelity behavior).

2.3. Stimuli

Before the formal experiment, we generated 54 sentences describing
a behavior indicative of fidelity or infidelity (either emotional or sexual;
12–14 sentences for each behavior type) that a male or female in-
dividual had performed during a past relationship. Sexual and emo-
tional infidelity were defined as in Takahashi et al (2006). Sexual in-
fidelity included situations where a sexual relationship or deep physical
contact with other members of the opposite sex was indicated explicitly
or implicitly, whereas sexual fidelity included situations where an

individual had rejected/avoided such behavior. Emotional infidelity
included situations indicating some form of romantic emotional re-
sponse or commitment to other members of the opposite sex, whereas
emotional fidelity included situations where an individual had re-
jected/avoided such behavior. Each sentence was written in Chinese,
used the past tense and had male and female versions (i.e. “She…….”
for male subjects in the study and “He……” for female subjects). In a
pre-study, an independent sample of forty volunteers (21 males) were
asked to decide whether the behavior described was an example of
emotional or sexual infidelity/fidelity and also to rate how strong it was
using a 9-point scale. Based on the data from this pre-study, we selected
40 sentences (10 for each behavior type) with a high discrimination
between sexual and emotional fidelity or infidelity (i.e. all the chosen
sentences were correctly classified as representing fidelity or infidelity
behaviors by the raters and with a mean accuracy of 87.6% for dis-
tinguishing emotional from sexual examples). There were no differ-
ences between male and female examples in terms of discrimination
accuracy or strength (all ps> 0.258). Table S1 gives examples of the
emotional or sexual fidelity/infidelity behavior sentences.

Facial images of 80 males and 80 females with neutral expressions
were selected from an in-house database of 260 face images following a
pilot rating by 36 subjects (17 males) of valence, attractiveness, like-
ability, trustworthiness of the faces from the opposite sex as well as how
aroused they were by them. All face images were carefully edited (re-
moving accessories or background details, but keeping hair, ears and
neck) and presented in full color at a 600*800 Pixel resolution on a
black background (faces life-size). All selected faces were rated as
having a neutral valence (range 4.3–6.0; mean = 5.09) and average
attractiveness (range 4.0–5.9, mean = 4.79), likeability (range 4.1–5.8,
mean = 4.81) and trustworthiness (range 4.2–6.0, mean = 5.07). Half
of the faces used for the rating task were divided randomly into four
groups (i.e. 10 faces per group for each sex). Mean valence, attrac-
tiveness, likeability, trustworthiness and arousal ratings of the faces in
each group did not differ significantly for both male and female faces
(ANOVAs all ps> 0.964). Each group of faces was assigned for pairing
with sentences describing each one of the four different fidelity/in-
fidelity types. To control for possible face/sentence-group differences,
the pairings of face group and sentence type were randomized across

Table 1
Ages and questionnaire scores in the four experimental groups (mean ± S.E.M.).

Measurements Placebo Oxytocin Sex x Treatment p-value

Male Female Male Female

Age(years) 23.0 ± 0.3 22.8 ± 0.3 22.9 ± 0.3 22.7 ± 0.3 0.872
Positive and Negative Affective Scale (PANAS) -Positive 31.6 ± 0.8 29.2 ± 0.9 28.8 ± 0.9 28.5 ± 1.0 0.237
Positive and Negative Affective Scale (PANAS) -Negative 21.7 ± 1.3 18.1 ± 1.1 19.2 ± 1.1 18.0 ± 1.0 0.306
NEO-Five Factor Inventory-Agreeableness 42.4 ± 0.7 41.4 ± 0.6 40.7 ± 0.6 40.9 ± 0.8 0.365
NEO-Five Factor Inventory-Conscientiousness 42.7 ± 0.8 41.7 ± 0.7 41.4 ± 0.8 42.3 ± 0.8 0.220
NEO-Five Factor Inventory-Extraversion 41.2 ± 0.8 38.8 ± 1.0 39.9 ± 1.0 40.8 ± 0.8 0.070
NEO-Five Factor Inventory-Neuroticism 33.8 ± 1.3 34.5 ± 1.1 34.4 ± 1.1 34.1 ± 1.2 0.667
NEO-Five Factor Inventory-Openness 40.4 ± 0.7 38.2 ± 0.9 39.8 ± 0.8 39.3 ± 0.8 0.275
Self-Esteem Scale (SES) 30.6 ± 0.7 31.3 ± 0.6 30.5 ± 0.6 30.8 ± 0.8 0.811
Interpersonal Reactivity Index (IRI) 50.0 ± 1.6 51.9 ± 1.5 45.0 ± 1.4 50.8 ± 1.6 0.200
Autism Spectrum Quotient (ASQ) 20.0 ± 0.7 20.7 ± 0.9 20.7 ± 0.6 19.7 ± 0.8 0.254
Beck Depression Inventory (BDI-II) 8.1 ± 0.9 7.9 ± 1.2 8.8 ± 1.3 7.2 ± 0.9 0.512
Liebowitz's Social Anxiety Scale (LSAS)-Avoid 20.8 ± 1.9 19.1 ± 1.8 20.2 ± 1.4 21.5 ± 1.9 0.421
Liebowitz's Social Anxiety Scale (LSAS)-Fear 24.7 ± 2.0 21.6 ± 1.6 22.2 ± 1.5 25.3 ± 2.1 0.089
Passionate Love Scale (PLS) 103.4 ± 2.4 99.0 ± 2.3 97.8 ± 2.0 96.7 ± 2.5 0.476
Love Attitude Scale (LAS)-Agape 26.9 ± 0.6 22.0 ± 0.5 25.2 ± 0.6 20.8 ± 0.5 0.686
Love Attitude Scale (LAS)-Eros 24.1 ± 0.5 23.5 ± 0.5 23.4 ± 0.6 23.6 ± 0.6 0.529
Love Attitude Scale (LAS)-Ludus 19.3 ± 0.7 19.0 ± 0.6 19.9 ± 0.5 18.9 ± 0.5 0.573
Love Attitude Scale (LAS)-Mania 21.2 ± 0.7 19.7 ± 0.7 21.0 ± 0.6 19.9 ± 0.7 0.706
Love Attitude Scale (LAS)-Pragma 22.6 ± 0.7 23.1 ± 0.6 20.9 ± 0.7 23.0 ± 0.6 0.213
Love Attitude Scale (LAS)-Storge 22.8 ± 0.7 21.5 ± 0.7 21.3 ± 0.7 21.7 ± 0.8 0.261
General Trust Scale (GTS) 32.0 ± 0.5 31.6 ± 0.6 31.2 ± 0.6 31.8 ± 0.7 0.380
Tendency to Forgive Scale (TTF) 14.3 ± 0.5 14.3 ± 0.5 14.1 ± 0.6 13.9 ± 0.7 0.846
Attitudes toward Forgiveness Scale (ATF) 28.5 ± 0.7 27.9 ± 0.7 27.4 ± 0.6 26.5 ± 0.7 0.808
Trait Forgivingness Scale (TFS) 32.7 ± 0.9 32.5 ± 0.9 32.0 ± 0.8 30.9 ± 1.0 0.614
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individual subjects in the main study (i.e. each face group was paired
with each one of the four different sentence types randomly for in-
dividual subjects so 40 subjects had one face group associated with one
type of sentence whereas for another 40 subjects the same face group
was paired with another type of sentence and so on). The remaining
faces were used as novel stimuli in the recognition memory test and had
equivalent valence, attractiveness, likeability, trustworthiness and
arousal ratings compared to the faces paired with sentences for both
sexes (all ps> 0.661).

2.4. Procedure

The experimental task (see Fig. 1) was presented on a computer
with a 27-inch monitor (screen resolution: 1920*1080 pixels; refresh
rate: 60 Hz). In the rating task, subjects viewed neutral expression face
pictures of 40 unfamiliar members of the opposite sex with average
attractiveness paired with verbal information describing examples of
how they had been either emotionally or sexually faithful or unfaithful
during a previous relationship (see Table S1). We included fidelity type
as a factor since previous research has reported that men are more in-
fluenced by sexual infidelity and women by emotional infidelity (Buss
et al., 1992; Buss, 2018; Sagarin et al., 2012). Subjects were told that
these individuals were currently single and instructed to view their
faces, read the sentences describing their previous behavior silently and
then rate (on a 9-point scale) their facial attractiveness, likeability,
trustworthiness and arousal elicited by them based on their overall
impression of them. Next, subjects were asked whether they would like
to have a short- or long-term romantic relationship with the person
(response options: “yes”, “maybe” or “no” - see Fig. 1). There was no
time limitation for subjects’ responses. The percentage of “yes/maybe”
responses made by each subject for each condition was taken to in-
dicate their overall willingness to have a relationship with this kind of
person. Given that “maybe’ responses can be ambiguous to some extent
we additionally analyzed the data by computing an “interest index”
where “yes” responses were assigned a value of 2, “maybe” a value of 1
and “no” a value of zero (see Supplementary results).

Finally, subjects completed a surprise recognition memory test for
these 40 faces intermixed with another 40 novel faces (order of stimuli
randomized). Each trial started with a 600–800 ms fixation cross fol-
lowed by a face presented for 1500 ms and subjects responded whether

the face was familiar or not without any time limitation. Four subjects
had to be excluded from this part of the analysis due to technical fail-
ures during data acquisition.

2.5. Statistical Analysis

All data analyses were performed using SPSS 23.0 software (SPSS
Inc., Chicago, Illinois, USA). In all cases, data from rating scores, re-
cognition memory accuracy and percentage of “yes/maybe” responses
for having a short- or long-term relationship with a target individual
were subjected to four way (analysis of the PLC group alone) or five
way (analysis of the PLC vs. OXT treatment groups) repeated-measures
ANOVAs and significant (p < 0.05) main effects and relevant interac-
tions were reported. Significant interactions were explored using
Simple Effect Tests, which were all Bonferroni-corrected for multiple
comparisons. For both ANOVAs and post-hoc tests measures of effect
size are given (Partial eta squared (η2

p) or Cohen’s d). Small, medium,
and large effects were represented respectively as 0.01, 0.06, and 0.14
for η2

p, 0.20, 0.50, and 0.80 for Cohen’s d (Cohen, 1988). Although re-
latively few studies include corrections for use of multiway ANOVAs for
completeness we additionally subjected all significant effects to this
using a false discovery rate (FDR) correction procedure (see Cramer
et al., 2016) and report which findings survive this correction.

3. Results

3.1. Sex-differences on the impact of knowledge of previous fidelity or
infidelity

To identify treatment-independent sex differences on evaluations of
a potential partner who had previously displayed emotional or sexual
fidelity or infidelity in a relationship, we first analyzed data from the
PLC control group using four way repeated-measures ANOVAs with
fidelity (fidelity vs. infidelity) and type (emotional vs. sexual) as within-
subject factors and sex and relationship status as between-subject fac-
tors.

For attractiveness, likeability, trustworthiness and arousal ratings of
the face pictures paired with examples of fidelity or infidelity behaviors
there were significant main effects of fidelity (attractiveness: F
(1,76) = 82.167, p< 0.001, η2

p = 0.519; likeability: F

Fig. 1. Example of a single trial in the rating task. Following a
1.5–2 s fixation cross, each facial picture (unknown, opposite
sex) was shown for 6 s and paired with a sentence describing a
behavior indicative of fidelity or infidelity (either emotional
or sexual) he/she exhibited during a previous relationship.
Each subject viewed 10 trials for each fidelity/infidelity type -
emotional fidelity, sexual fidelity, emotional infidelity and
sexual infidelity.
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(1,76) = 284.784, p< 0.001, η2
p = 0.789; trustworthiness: F

(1,76) = 380.909, p< 0.001, η2
p = 0.834; arousal: F(1,76) = 27.799,

p< 0.001, η2
p = 0.268 - all PFDR < 0.001) with faces paired with de-

scriptors of either emotional or sexual fidelity being rated higher than
those paired with emotional or sexual infidelity (see Fig. S1 and Table
S2). This demonstrated the efficacy of our paradigm and that, as ex-
pected, both men and women show an overall preference for in-
dividuals with a history of fidelity compared with infidelity. There were
no significant fidelity x sex interactions (all ps> 0.328) and while there
was a significant type x sex interaction for likeability ratings (F
(1,76) = 5.447, p = 0.022, η2

p = 0.067) it did not survive FDR correc-
tion (PFDR = 0.111). Given previous findings in the literature for sex-
differences in responses to emotional and sexual infidelity we con-
ducted exploratory post-hoc Bonferroni corrected comparisons which
revealed that women rated men who exhibited an emotional type of
fidelity/infidelity (4.15 ± 0.10, 95% CI = [3.96, 4.34]) more likeable
than those exhibiting a sexual type (3.94 ± 0.10, 95% CI = [3.74,
4.15]; p= 0.001, d= 0.366 – see Fig. S1a). No difference was found in
men (p= 0.849). There was also a similar trend for this with attrac-
tiveness ratings (F(1,76) = 3.731, p = 0.057, η2

p = 0.047 – see Fig.
S1b). There were no significant main effects of fidelity or interactions
involving type and sex for recognition memory accuracy (all
ps> 0.094). Full details of behavioral ratings for both emotional and
sexual fidelity/infidelity types are given in Supplementary Table S2.

For both short-term and long-term relationship preferences, analysis
in the PLC group revealed a main effect of fidelity (short-term: F
(1,76) = 98.004, p< 0.001, η2

p = 0.563; long-term: F(1,76) = 164.045,
p< 0.001, η2

p = 0.683 - all PFDR < 0.001) showing that both sexes
preferred individuals with a previous history of fidelity compared to
infidelity (see Fig. 2 and Table S2). For short-term relationship pre-
ference there was also a significant fidelity x sex interaction (F
(1,76) = 8.807, p = 0.004, η2

p = 0.104; PFDR = 0.030). Post-hoc Bon-
ferroni corrected comparisons showed that 31.8 ± 3.6% (95% CI =
[24.6%, 38.9%]) of responses made by men expressed interest (i.e.
“yes” or “maybe” decisions) in having a short-term relationship with an
unfaithful individual, whereas only 17.0 ± 3.6% (95% CI = [9.8%,
24.1%]) of responses made by women did (p= 0.005, d= 0.658 – see
Fig. 2). There were no sex-differences for long-term relationship pre-
ferences (all ps> 0.109), with both men (44.1 ± 4.9%, 95% CI =
[34.4%, 53.9%]) and women (47.9 ± 4.9%, 95% CI = [38.1%,

57.6%]) showing an equivalent and greater preference for partners
exhibiting previous fidelity (p= 0.589). A secondary analysis using a
computed “interest index” (yes = 2, maybe = 1, no = 0) produced
similar results (see Supplementary results and Fig. S2).

A separate analysis on female subjects found no evidence for a
significant influence of menstrual cycle stage (i.e. whether women were
at a stage representing either a high or low risk of conception) on any of
the measures taken (see Supplementary results).

3.2. Effects of intranasal oxytocin on sex-differences in mate choice

To examine the effects of OXT on evaluations of potential partners
showing previous fidelity or infidelity, five way repeated-measures
ANOVAs with fidelity (fidelity vs. infidelity) and type (emotional vs.
sexual) as within-subject factors and treatment, sex and relationship
status as between-subject factors were performed on rating scores, re-
cognition memory accuracy and percentage of “yes/maybe” responses
(and interest index) for having a short- or long-term relationship with a
target individual.

There were significant fidelity x treatment x sex interactions for
attractiveness (F(1,152) = 8.454, p = 0.004, η2

p = 0.053, PFDR = 0.043
– see Fig. 3a) and likeability ratings (F(1,152) = 6.694, p = 0.011,
η2

p = 0.042, PFDR = 0.082 – see Fig. 3b), although only the attractive-
ness rating effect could survive FDR correction. Post-hoc Bonferroni
corrected comparisons showed that in men OXT increased face attrac-
tiveness of previously unfaithful women (OXT: 4.26 ± 0.16, 95% CI =
[3.95, 4.57]; PLC: 3.82 ± 0.16, 95% CI = [3.52, 4.13]; p = 0.047, d
= 0.421) while in women OXT decreased face attractiveness of pre-
viously unfaithful men (OXT: 3.25 ± 0.16, 95% CI = [2.94, 3.56];
PLC: 3.79 ± 0.16, 95% CI = [3.48, 4.09]; p = 0.016, d= 0.529). An
exploratory post-hoc Bonferroni corrected comparison analysis of
likeability ratings revealed that OXT significantly increased them in
men for previously unfaithful women (OXT: 3.74 ± 0.13, 95% CI =
[3.48, 4.00]; PLC: 3.28 ± 0.13, 95% CI = [3.02, 3.55]; p = 0.017,
d= 0.513) although it did not decrease ratings given by women for
unfaithful men (p= 0.181). Thus, in contrast to the PLC group, in the
group treated with OXT there were significant sex differences in face
attractiveness (p < 0.001, d= 1.033) and likeability (p < 0.001,
d= 1.006) of previously unfaithful individuals. There were no sig-
nificant OXT effects on face attractiveness or likeability ratings given to

Fig. 2. The percentage of yes/maybe responses made by subjects for
having a short-term or long-term relationship with individuals
showing previous fidelity or infidelity in the placebo treated group.
Data from single individuals and those in a relationship are combined.
Bars represent means and standard errors. **p < 0.01, ***p < 0.001
for either males vs. females or fidelity vs. infidelity.
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previously faithful men and women (all ps> 0.461). Additionally, OXT
did not alter the pattern of female subjects giving higher attractiveness
or likeability ratings than men for emotionally compared to sexually
faithful individuals (interactions involving type, treatment and sex: all
ps> 0.260). No significant interaction effects involving treatment, sex
and fidelity/type were found for trustworthiness (all ps> 0.075) or
arousal ratings (all ps> 0.134) indicating that sex-dependent effects of
OXT on attraction ratings were specific.

Analysis of recognition memory accuracy for faces revealed a sig-
nificant fidelity x treatment x sex interaction (F(1,148) = 6.036, p=
0.015, η2

p = 0.039; PFDR = 0.465, does not survive FDR correction;
note: for this analysis 4 subjects were excluded due to incomplete data).
Exploratory post-hoc Bonferroni corrected comparisons demonstrated
that women in the OXT group (59.1 ± 2.5%, 95% CI = [54.3%,
64.0%]) were less likely than women in the PLC group (68.8 ± 2.4%,
95% CI = [63.9%, 73.6%]) to remember the faces of individuals who
had previously exhibited infidelity (p= 0.006, d= 0.608 – see Fig. 3c).
Oxytocin may therefore increase the chances that women will only
remember men with a history of being faithful. No other significant
interaction effects involving treatment, sex and fidelity/type were
found (all ps> 0.243).

For short-term relationship preference, analysis revealed a fidelity x
treatment x sex x relationship status interaction (F(1,152) = 4.082, p=

0.045, η2
p = 0.026; PFDR = 0.233, does not survive FDR correction).

Exploratory post-hoc Bonferroni corrected comparisons showed that the
percentage of yes/maybe responses given by single men for having a
short-term relationship with unfaithful women were increased from
30.0 ± 4.9% (95% CI = [20.4%, 39.6%]) in the PLC group to
45.8 ± 5.0% (95% CI = [35.9%, 55.7%]) in the OXT group (p=
0.025, d = 0.643 – see Fig. 4a). Indeed, following OXT single men only
showed a slightly reduced preference for having a short-term relation-
ship with unfaithful (45.8%) compared to faithful (56.6 ± 7.2% (95%
CI = [42.3%, 70.8%]) women, which only just achieved significance (p
= 0.047), and was in marked comparison with the PLC group where
faithful women were clearly preferred (unfaithful: 30.0% vs. faithful:
59.8 ± 7.0% (95% CI = [45.9%, 73.7%], p< 0.001). No other sig-
nificant interaction effects involving treatment, sex and fidelity/type
were found (all ps> 0.060). A secondary analysis using the “interest
index” calculation approach produced similar findings (see Supple-
mentary results and Fig. S3a).

For long-term relationship preference, there was a significant fide-
lity x treatment x sex x relationship status interaction (F
(1,152) = 5.439, p= 0.021, η2

p = 0.035; PFDR = 0.217, does not sur-
vive FDR correction). Exploratory post-hoc Bonferroni corrected com-
parisons showed that the percentage of yes/maybe responses made by
single women for having a long-term relationship with faithful men

Fig. 3. Effects of oxytocin (OXT) on attractiveness (a) likeability (b) and recognition memory (c) for faces of the opposite sex associated with previous fidelity or
infidelity in all male and female subjects. Bars represent means and standard errors. *p< 0.05, **p< 0.01 for OXT vs. placebo (PLC).
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were increased from 41.8 ± 6.9% (95% CI = [28.2%, 55.3%]) in the
PLC group to 64.1 ± 6.4% (95% CI = [51.5%, 76.8%]) in the OXT
group (p= 0.018, d = 0.699 – see Fig. 4b). No other significant in-
teraction effects involving treatment, sex and fidelity/type were found
(all ps> 0.266). A secondary analysis using the “interest index” cal-
culation approach produced similar findings (see Supplementary results
and Fig. S3b). A separate analysis on female subjects suggested men-
strual cycle stage did not influence the OXT effects found above (see
Supplementary results).

4. Discussion

Overall, our findings demonstrate firstly that knowledge of previous
fidelity and infidelity in a prospective heterosexual partner biases both
sexes to exhibit a preference for the faces of faithful individuals but also
effectively reveals sex differences in mate choice strategy. Thus, men in
the control PLC treated group generally exhibited greater interest in
having a short-term relationship with previously unfaithful individuals
than women, and independent of relationship status. There was no sex
difference in the context of long-term relationships, with both sexes
showing an equivalent and greater preference for partners exhibiting
previous fidelity. Following OXT administration, men and women re-
spectively exhibited enhanced and reduced attraction to unfaithful in-
dividuals and women also found them less memorable. Additionally,
single men showed an increased preference for having a short-term
relationship with previously unfaithful women whereas single women
showed an increased preference for having a long-term relationship
with previously faithful men.

Our findings in the PLC group confirmed that for both sexes, pairing
the faces of individuals with sentences revealing examples of fidelity
type behavior in a previous relationship markedly increased their at-
tractiveness, likeability, trustworthiness and arousal ratings in com-
parison with faces paired with examples of previous infidelity. Both
sexes also expressed a greater interest in having short- or long-term
relationships with individuals paired with fidelity-type behavior.
However, in support of our hypothesis individuals in the PLC group
demonstrated a clear sex-dependent bias in mate choice with men ex-
pressing a greater interest than women in having short-term relation-
ships with previously unfaithful individuals. This therefore tends to
support proposed evolutionary sex-differences in mate choice priorities
(Buss and Schmitt, 1993; Oliver and Hyde, 1993).

While preferences for individuals exhibiting examples of emotional

versus sexual types of either fidelity or infidelity were generally
equivalent in both sexes there was some evidence to support previous
studies arguing that a sex difference in the perceived risk of infidelity is
reflected in women being more concerned by emotional types than men
(Buss, 2018; Buss et al., 1992; Sagarin et al., 2012). We found in ex-
ploratory post-hoc tests that females liked men associated with an
emotional type of either fidelity or infidelity more than those associated
with a sexual type, although the interaction was not significant fol-
lowing FDR correction. There was no evidence for men exhibiting more
or less interest in individuals who had previously been sexually un-
faithful. The lack of support for a strong sex difference in this domain
may reflect the fact that in the current paradigm subjects were re-
sponding to information about an individual exhibiting emotional or
sexual infidelity with someone else (i.e. a previous partner) whereas sex
differences reported by previous studies have mainly been in the con-
text of the impact of actual or imagined infidelity within a relationship
involving the subject. Furthermore, there may be cultural differences
with a previous study reporting that in Asians there was no sex differ-
ence in the self-rating score of jealousy for sexual and emotional in-
fidelity (Takahashi et al., 2006).

Again in support of our original hypothesis OXT administration
increased sex-differences in mate-choice priorities. Thus, in contrast to
the PLC group, subjects in the OXT group exhibited sex-differences in
the influence that knowledge of previous fidelity or infidelity had on
attractiveness and likeability ratings and memory for prospective
partners and effects were independent of relationship status. More
specifically, OXT increased men’s attractiveness and likeability ratings
of previously unfaithful women but correspondingly decreased those
for unfaithful men by women. Furthermore, following OXT adminis-
tration women found the face pictures of men associated with previous
infidelity less memorable, suggesting that they would be more likely to
only remember faithful individuals. Interestingly however, OXT did not
alter the sex-specific preferences for the attractiveness and likeability
ratings given to individuals who had previously exhibited emotional
fidelity (i.e. in females). This may possibly reflect a ceiling effect or the
fact that the sex-dependent effects of OXT were mainly in the context of
interest in previous infidelity or that it may have less influence on such
strongly established within-sex patterns of preference.

Importantly, OXT administration had no effect on potential con-
founders such as arousal and trustworthiness ratings. As would be ex-
pected, individuals exhibiting faithfulness in a previous relationship
were rated as more trustworthy than those who had been unfaithful.

Fig. 4. Effect of oxytocin (OXT) on percentage of yes/maybe responses in single male and female subjects for having a short-term (a) or long-term relationship (b)
with an individual of the opposite sex associated with previous fidelity or infidelity. Bars represent means and standard errors. *p < 0.05 for OXT vs. placebo (PLC).
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However, while some early studies have reported that OXT can increase
trustworthiness, in line with an increasing number of more recent ob-
servations we found no evidence for this (see Xu et al., 2019 for re-
view). Indeed, we have hypothesized that OXT mainly enhances con-
formity to the most trustworthy individuals, most notably in-group
members and individuals with particular skills, but without increasing
trust in them (Xu et al., 2019). Similarly, OXT administration has not
been found to alter arousal ratings in a number of previous experiments
(Luo et al., 2017a, 2017b; Scheele et al., 2016, 2014, 2013).

While the sex-dependent effects of OXT on attractiveness and like-
ability ratings and memory for faces occurred irrespective of relation-
ship status, those for increasing interest in having short- or long-term
relationships were restricted to single individuals. This finding was
confirmed using two different methods of analyzing the responses made
by subjects (proportion of “yes and maybe” decisions or a computed
“interest index”) and supports our hypothesis that OXT would enhance
sex-dependent social and reproductive priorities (Gao et al., 2016;
Hurlemann and Scheele, 2016) but particularly in single individuals
who have a higher priority for seeking a potential partner than those
already in an established relationship. These findings resonate with
those from previous studies demonstrating that OXT primarily enhances
the attractiveness of individuals of greatest relevance to those who are
either single or in a relationship. Thus, in single men OXT increases
tolerance of dislike by women but has the opposite effect on men in a
relationship, which may also reflect the greater priority in single men
for finding a romantic partner (Zhao et al., 2018). On the other hand,
for men in a relationship OXT enhances the attractiveness of a female
partner but not a female friend or stranger (Scheele et al., 2013), again
reflecting the greater importance of a partner compared to others.
Parallel findings have also been reported by the same group for women
in a relationship (Scheele et al., 2016). Similarly, OXT decreases the
willingness of men in a relationship to approach an attractive female
stranger but does not have this effect in single men, which could also be
interpreted as strengthening the priority to avoid jeopardizing an ex-
isting relationship (Scheele et al., 2012). Interestingly though, this re-
lationship effect was not observed in female subjects where OXT in-
creased the willingness to approach an attractive stranger or positive
social stimuli independent of relationship status, perhaps reflecting a
greater general priority for social interaction in women (Preckel et al.,
2014).

That OXT primarily increased single men’s interest in having short-
term relationships with women who had previously been unfaithful
may reflect a higher priority for gaining sexual access to females.
Indeed, OXT treatment increased the proportion of choices by single
men to have short-term relationships with previously unfaithful women
to a level close to that for choice of faithful women (45.8% versus
56.6% in the OXT group compared to 30.0% versus 59.8% in the PLC
group). Similarly, single women’s increased interest in previously
faithful men, and decreased interest in and memory for unfaithful ones
following OXT resulted in an 64.1% of choices for showing interest in
having a long-term relationship with faithful individuals compared
with only 41.8% in the PLC group. This may reflect both a higher
priority for avoiding potential philandering males as well as increased
preference for faithful individuals who are more likely to provide a
stable and secure relationship.

The sex-differences observed in the PLC group and in response to
OXT treatment all achieved medium or large effect sizes (i.e. as pre-
dicted or greater than the power analysis for the study). Furthermore,
the key significant results from the multiway ANOVAs (the sex differ-
ence in preference for having a short-term relationship with previously
unfaithful individuals and the effects of OXT on increasing attractive-
ness ratings for unfaithful individuals in men but decreasing them in
women) even survived the stringent FDR correction making no
planned-comparison assumptions (Cramer et al., 2016). This type of
correction has not been applied to any previous OXT-challenge studies
of this kind employing multiway ANOVAs.

Oxytocin release associated with partner bonding across species is
primarily evoked by mating or sexual arousal as well as by affective
touch (Hurlemann and Scheele, 2016; Li et al., 2019), and can even
occur in response to visual cues from the face (Fabre‐Nys et al., 1997).
While there is some evidence that OXT can increase the perceived at-
tractiveness of the faces of unfamiliar members of the opposite sex
(Hurlemann and Scheele, 2016), our current findings suggest that its
release during initial social interactions might potentially serve to focus
attention on pertinent information concerning a prospective partner’s
behavior and history and not merely on their physical appearance. In-
deed, previous studies have also demonstrated that intranasal OXT
administration can potently, and sex-dependently, alter behavioral and
neural responses to faces when they are paired with information on
positive or negative social qualities (Gao et al., 2016). In this latter
study OXT increased women’s likeability of the faces of individuals
associated with praising/criticizing characteristics whereas in men it
did the opposite. Furthermore, this was associated with opposite pat-
terns of amygdala activation in the two sexes in response to individuals
who either praised or criticized. Another study has reported that, OXT
reduces recognition speed for positive romantic and bonding-related
words implying that it increases attention towards verbal positive re-
lationship information (Unkelbach et al., 2008). Thus, while OXT re-
lease can ultimately promote the formation of partner bonds and con-
tribute to maintaining them, it may first play a key role in highlighting
the attractiveness of personal characteristics in a prospective partner
which best match an individual’s current priorities.

A key question raised by the current as well as some previous
findings is whether OXT is acting specifically to produce sex differences
in behavioral and neural responses or if it does this primarily by am-
plifying existing sex-specific priorities in either mate choice or other
social choice situations. In the current context, for females it is clear
from the placebo group they exhibit a greater attraction and mate
choice priority for prospective male partners who have exhibited fide-
lity in a previous relationship and express a correspondingly low in-
terest in individuals with a history of infidelity. Following OXT ad-
ministration these priorities are indeed amplified with faithful
individuals being preferred even more and unfaithful ones even less,
particularly in single individuals with a greater priority for finding a
romantic partner. On the other hand, while men also exhibit a greater
preference for previously faithful individuals, OXT does not influence
this but instead increases the attractiveness and short-term relationship
preference for previously unfaithful individuals. Compared to females,
males in the PLC group did exhibit a much greater interest than women
in having short-term relationships with unfaithful individuals but it was
still less than the interest in having them with faithful ones. A possible
explanation for this is that in men their interest in having short-term
relationships with previously unfaithful women may be stronger than
our findings suggest, which would be in line with Parental Investment
Theory (Trivers, 1972), but that this is obscured by responses being
influenced by possible negative moral judgments. Interestingly, a pre-
vious paper has reported that men are more likely to approve self-
benefit moral dilemmas following OXT whereas the opposite occurred
in women (Scheele et al., 2014). Thus, it is possible that OXT treatment
made single men become less concerned about expressing their interest
in having short-term relationships with unfaithful women and this
would therefore still be in line with a potential role for OXT in acting to
amplify current social priorities in the two sexes.

While the objective of the current study was to investigate the ef-
fects of exogenous administration of OXT it is also possible that its ef-
fects may have been influenced to some extent by changes in release of
endogenous hormones it is known to interact with, most notably es-
trogen and testosterone (Kendrick et al., 2017; van Anders et al., 2011).
A previous study has shown that oral contraceptives can influence
neural and behavioral effects of OXT on the perceived attractiveness of
a romantic partner (Scheele et al., 2016). Importantly, we did not ob-
serve any menstrual cycle effects either on sex-differences in mate
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choice or for the effects of OXT administration and none of the female
subjects was taking oral contraceptives. However, the nature of the task
where subjects are specifically rating individuals for their attractiveness
and for a possible romantic relationship is likely to have evoked in-
creases in sex-hormones in both sexes, particularly testosterone (see
Ritchie and van Anders, 2015). Thus, we cannot rule out an influence of
potential interactions between OXT and testosterone on our findings,
and for this reason we were careful to control the activity of subjects in
the period after initial intranasal administration such that it did not
potentially stimulate sexual or competitive interests before the start of
the task itself.

The current study has several potential limitations. Firstly, the
paradigm used of rating attractiveness and mating preference for in-
dividuals based purely on their face pictures associated with a verbal
descriptor is commonly used, it is relatively artificial and it is possible
that results in contexts involving real social interactions might have
been different. Secondly, in reality many individuals might not have
social information relating to previous fidelity or infidelity in a poten-
tial partner, although as discussed this kind of information is often
disseminated via gossip and the main purpose of the current experiment
was to demonstrate what impact receipt of such information can have
and how it can be influenced by OXT. Thirdly, the subjects used in the
study were primarily students and those in a relationship had relatively
short durations (mean duration of 32 months). It is therefore possible
that both sex-differences in the PLC group and the effects of OXT might
have been influenced by age and also relationship durations. Finally,
we did not carry out a detailed evaluation of each subject’s current
priorities for seeking another partner for either a short- or long-term
relationship to determine if these might influence the degree of sex
differences observed or the effects of OXT. However, we did confirm
that all single subjects wanted to find a heterosexual partner to have a
relationship with and that all those in a stable relationship were not
looking for another partner.

5. Conclusions

In summary, our findings demonstrate that in the context of
knowledge of a prospective partner’s fidelity or infidelity in previous
relationships both sexes show a greater preference for individuals who
have previous been faithful as opposed to unfaithful either in terms of
their ratings or willingness to engage in short- or long-term relation-
ships with them. However, men are more interested than women in
having short-term relationships with unfaithful individuals in-
dependent of whether they are currently single or in a relationship.
Following OXT treatment this sex difference is both amplified and ex-
tended such that men are even more interested in having short-term
relationships with unfaithful individuals and women even less so.
Furthermore, women exhibit a greater interest in faithful individuals
than do men in the context of long-term relationships. In terms of mate
choice therefore, the sexes exhibit a differential interest in prospective
partners who are “stayers” or “strayers”, and for single individuals with
a current priority for finding a prospective partner OXT release during
romantic encounters may act to further widen this sex difference. Thus,
OXT release may function first to influence sex-dependent mate-choice
priorities before subsequently promoting romantic bonds with the most
appropriate partners.
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