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Abstract 

Background  Evolutionary selection pressures, most notably sexual selection, have created (and continue to sustain) 
many psychobehavioral differences between females and males. One such domain where psychobehavioral sex 
differences may be prominent is romantic love. The ways in which females and males may experience and express 
romantic love differently has been studied in psychology as well as in the arts down the ages; however, no studies 
have focused specifically on romantic love (i.e., passionate love) using validated measures of romantic love solely 
in people who are currently experiencing this form of love.

Methods  This study investigated sex differences in features and aspects of romantic love among 808 young adults 
experiencing romantic love. Univariate and multivariate analyses were conducted to measure sex differences 
in the number of times participants had fallen in love, when they fell in love relative to when they started their roman-
tic relationship (love progression), intensity of romantic love, obsessive thinking about a loved one, and commitment. 
Additional univariate comparisons were made for sex differences in Passionate Love Scale scores.

Results  Univariate analyses showed that males had fallen in love a greater number of times than females. Males had 
also fallen in love more quickly than females. Females had higher intensity of romantic love, higher commitment, 
and higher obsessive thinking about a loved one than males. These findings remained robust in multivariate analy-
ses, controlling for several variables believed to influence romantic love, with the exception of commitment, which 
was no longer significant when other variables were controlled for.

Conclusions  The findings are considered with reference to the evolutionary theory of sexual selection. We suggest 
that the specific adaptive challenges faced by females and males in the evolutionary history of romantic love may 
contribute to sex differences in romantic love. The findings shed light on contemporary sex differences in romantic 
love, as well as the possible evolutionary history and evolutionary functions of romantic love.

Highlights 

•	 Males fall in love slightly more often than females do.
•	 Males fall in love about one month earlier than females do.
•	 Females experience romantic love slightly more intensely than males do.
•	 Females in love experience obsessive thinking about their loved one more than males do.
•	 Females in love are slightly more committed than males are.
•	 Sex differences reduce at a multivariate level.
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Introduction
Men always want to be a woman’s first love. That is their 
clumsy vanity. We women have a more subtle instinct 
about these things. What (women) like is to be a man’s 
last romance. - Oscar Wilde

Romantic love is a common theme in literature [10], 
movies [80], and music [32]. It is both a great motivator 
for pair bonding and sexual union, as well as the most 
important preference for people when considering long-
term romantic partners [28]. Lay conceptions of roman-
tic love abound, including perceived differences between 
the sexes; however, minimal research has been under-
taken specifically investigating sex differences in what 
most researchers call romantic love (i.e., passionate love). 
Some scientific attempts have been made to explain any 
differences in romantic love using evolutionary theory 
(see [4, 21, 44, 53, 102]). Romantic love is the basis for 
romantic relationship and family formation throughout 
most of the world (see [24]). Understanding romantic 
love is fundamental to understanding modern romantic 
relationships and human mating as well as the fundamen-
tal human motivation to form pair-bonds (see [12, 17]).

Definition of romantic love
The scientific literature is imprecise and confusing in 
the terminology surrounding romantic love. Most bio-
logical psychologists and human behavioral scientists 
who study the topic refer to romantic love as a specific 
motivational state that occurs commonly at the early 
stages of romantic relationship [16, 17]. It can sometimes 
occur in the absence of a romantic relationship [22] or, 
less commonly, it can still be present after many years or 
decades of partnership [1]. It is characterized by particu-
larly strong cognitions, emotions, and behaviors [41, 48] 
including obsessive thinking about a loved one [12] and 

sexual activity [18]. Some psychologists conflate the term 
“romantic love” with any type of love in romantic rela-
tionships, while other psychologists refer to it specifically 
as “early-stage romantic love” or “passionate love.” In this 
article, romantic love refers specifically to early-stage 
romantic love (i.e., passionate love). Lay people com-
monly refer to romantic love as “being in love.” Romantic 
love contrasts with companionate love, which is associ-
ated with pair bond maintenance [12], less intensity and 
passion, and feelings of companionship [50].

Bode and Kushnick [17] drew on a comprehensive 
review of the biology and psychology of romantic love to 
define romantic love as:

a motivational state typically associated with a desire 
for long-term mating with a particular individual. It 
occurs across the lifespan and is associated with dis-
tinctive cognitive, emotional, behavioral, social, genetic, 
neural, and endocrine activity in both sexes. Throughout 
much of the life course, it serves mate choice, courtship, 
sex, and pair-bonding functions. It is a suite of adapta-
tions and by-products that arose sometime during the 
recent evolutionary history of humans (p. 21).

The role of romantic love in romantic relationships 
and human mating
Human mating strategies vary between short-term 
mating and long-term mating [26]. A short-term mat-
ing strategy involves one or a relatively small number 
of instances of sexual intercourse and is associated with 
one-night stands or short-term trysts. A long-term 
mating strategy involves prolonged engagement and 
commitment between partners and is associated with 
committed relationships, pair bonds, social monogamy, 
and marriage. Both strategies can result in offspring 

•	 Romantic love may have solved some different adaptive challenges for females and males.

Keywords  Romantic love, Romantic Love Survey 2022, Sex differences, Sexual dimorphism, Sexual selection, Young 
adults

Plain Language Summary 

Some studies have investigated differences in romantic love (i.e., passionate love) between females and males, 
but none have done so using validated measures of romantic love while focusing solely on people who are cur-
rently in love. Our participants were all young adults (aged 18-25) from 33 different countries mainly in Europe, North 
America, and South Africa. All participants were currently in love. We compared females and males on (1) the number 
of times they had ever been in love, (2) when they fell in love compared to when they started their romantic relation-
ship, (3) the intensity of romantic love, (4) how much they obsessed about their partner, and (5) their level of com-
mitment to their partner. Some small differences were found between females and males for all these variables, 
but when we took into account other things that may influence romantic love, we found that sex differences gener-
ally diminished. We discuss the findings with reference to one evolutionary theory related to romantic love.



Page 3 of 20Bode et al. Biology of Sex Differences           (2025) 16:16 	

and both strategies have been, and continue to be, 
adaptive in certain circumstances and environments.

Romantic love is a motivational state, present in both 
sexes, that serves a number of reproductive functions, 
including mate choice, courtship, sex, and pair bonding 
[17]. It is associated with a range of neural and endo-
crine systems that each play distinct roles in various 
psychobehavioral facets of romantic love (e.g., bonding 
attraction, attachment, obsessive thinking, courtship 
attraction, and sexual desire; see [12]). Romantic love 
can manifest in childhood, but all its features are not 
present until after puberty [17]. It probably emerged by 
co-opting mother-infant bonding between 6 and 8 mil-
lion years ago and 300,000 years ago [12].

Romantic love serves a mate choice function [17, 41]. 
Romantic love is often a precondition for long-term 
romantic relationship formation and continuation. 
As a rule, when an individual has fallen in love with 
someone, they are motivated to form a long-term rela-
tionship with that person (with the exception in some 
cases of infidelity). Romantic love is one of several mate 
choice mechanisms: Bode and Kushnick ([17]) noted 
that “[m]ate preferences are important because they 
may serve as a means of screening potential mates, 
while sexual desire and attraction operationalize these 
preferences, and romantic love crystalizes them” (p. 5).

Romantic love serves a courtship function [17, 41]. 
Some individuals fall in love before a romantic relation-
ship has formed; in such cases, romantic love plays a 
role in motivating that individual to engage in court-
ship behaviors and to pursue their loved one. Even after 
a romantic relationship has formed, continued court-
ship, both proactive and receptive, takes place until a 
romantic relationship is fully formed.

Romantic love serves a sex function (at a proximal 
level) and a reproductive function (at an ultimate, evo-
lutionary level; [17, 73]). Wanting to express one’s love 
to a loved one is one of the main reasons why both 
females and males have sex (fifth most common rea-
son for females; eighth most common reason for males; 
[73, 74]). Individuals in love have sex with greater fre-
quency than individuals in a romantic relationship not 
experiencing romantic love, and this increase in sexual 
frequency appears to be associated with the state of 
romantic love rather than its intensity [18]. The possi-
ble downstream evolutionary benefits of increased sex-
ual intimacy include pregnancy [17].

Romantic love serves a pair bonding function [17, 
42]. In particular, romantic love plays a role in pair 
bond formation [12]. Numerous biological processes 
involving dopamine, oxytocin, and opioids influence 
the creation, and transition to maintenance, of a pair 
bond (see [12]). Romantic love bonds partners together 

by creating shared understandings, emotions, and hab-
its [50].

Pair bonding is ubiquitous among humans [85]. It is 
relatively rare among mammals (see [78]). Pair bonds 
tend to last more than one reproductive cycle [9] and in 
humans can vary in length from a period of months or 
years to a lifetime. Romantic love is one primary means 
through which pair bonds are formed [17]. The other 
means include arranged marriages or other forms of 
long-term commitment that may lack romantic love.

Understanding the evolution of romantic love has 
helped to shed light on the mechanisms underlying it 
and the functions it serves [12, 17]. For example, recent 
theory about the evolution of romantic love suggests 
that three systems found in mother-infant bonding (i.e., 
bonding attraction, attachment, and obsessive thinking) 
are also active in romantic love [12]. Combined with two 
additional reproductive systems (i.e., courtship attraction 
and sexual desire), these five systems work interdepend-
ently to serve a range of different functions (see [12]). 
These systems involve dopamine, oxytocin, serotonin, 
testosterone, and nerve growth factor circuitry [17].

Sex differences in romantic love have implications for 
the evolutionary functions of romantic love. For exam-
ple, sex differences in romantic love may affect the degree 
and manner in which members of each sex select mates, 
engage in courtship, initiate or engage in sex, and form 
pair bonds or exit them. Such differences may be evident 
in the way and degree to which the biological mecha-
nisms of romantic love are up-regulated or down-regu-
lated. For example, blood levels of serotonin have been 
shown to be up-regulated in females but down-regulated 
in males [59], and this may be because there are sex-spe-
cific outputs regulated by the serotonin system in roman-
tic love. There may be sex differences in the psychological 
underpinnings or behavioral expression of romantic love. 
However, the current state of scientific knowledge is lim-
ited when it comes to understanding sex differences in 
romantic love.

What is known about sex differences in romantic love?
There have been studies investigating sex differences in 
romantic love, but none of them (to our knowledge) have 
used a sample of people exclusively experiencing roman-
tic love. Most psychological studies have tended to use 
samples of individuals in a romantic relationship, some 
of whom are likely to be experiencing romantic love. 
Some, however, (e.g., [30]) also include participants not 
in a romantic relationship. This research has shed some 
light on sex differences in the intensity of romantic love, 
the timing of when males versus females proclaim “I love 
you,” the prevalence of unrequited love, and the number 
of times individuals have ever fallen in love. Two studies 
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using samples of individuals experiencing romantic love 
have identified some neural and endocrine sex differences 
in romantic love [41, 59]. Gender is often used as a proxy 
for biological sex in both psychological and biological 
studies, and if gender is conceptualized as a female/male 
dichotomy in studies on romantic love, it can be seen to 
map on to biological sex with a high degree of fidelity 
(given the low prevalence of transgender individuals).

One study [30], which validated an Italian version of the 
Passionate Love Scale (PLS; [48]) in a sample of 784 Ital-
ians (57% of whom self-identified as being in love), com-
pared males and females on total PLS  scores. Females 
scored marginally higher on the PLS than males. This is 
consistent with the findings of an earlier study of 1,090 
Texan undergraduate students [53]. That study asked 
“how much in love” participants were. The findings indi-
cated that females scored higher than males did; however, 
the effect size was small (R2 = 0.02). The findings of these 
studies contradict other studies that found no sex differ-
ences in the intensity of romantic love (e.g., [83, 35, 48]) 
using samples that may have included participants expe-
riencing romantic love.

There is good evidence that males express their love 
sooner than females do [4, 21, 47, 102]. This finding, 
based on people’s personal recall of who said “I love you” 
first in a current or former romantic relationship, has 
been demonstrated in university and community sam-
ples. Most studies have used US samples, but the general 
findings are internationally robust: a recent study [102] 
demonstrated that males are significantly more likely to 
say “I love you” first in samples from five of seven inves-
tigated countries (i.e., Brazil, Chile, Colombia, Poland, 
United Kingdom; cf. Australia, France). While the sam-
ple sizes were small for five of the seven countries (i.e., 
n < 100), the effect sizes ranged from moderate to large 
for all countries investigated (0.51 > r > .72).

To our knowledge, two studies have investigated sex 
differences for when females and males fall in love. 
The results are mixed. Galperin and Haselton [44] 
tested the prediction that “men fall in love more eas-
ily than do women” among 357 heterosexual American 
participants recruited from an online advertising site. 
That study asked participants when they fell in love 
relative to their partner (i.e., before, at the same time, 
after). No significant sex differences were found in the 
proportion of females or males that fell in love before 
their partner (male = 27%, female = 32%). Harrison and 
Shortall [47] asked 149 American university students 
who had previously been in a committed romantic 
relationship “[…] how long did it take you to realize 
you were in love?” in their most recent romantic rela-
tionship. Males reported falling in love more quickly 

than females did, and the effect size was moderate in 
magnitude (d = 0.48). The average duration for males 
was at the high end of “a few weeks” while for females 
it was at the low end of “a few months.”

We are aware of two studies that have investigated 
the prevalence of unrequited romantic love (romantic 
love where the loved one does not reciprocate). Galp-
erin and Haselton [44] found that males had been in a 
romantic relationship with 69% of their “love objects,” 
whereas females had been in a romantic relationship 
with 80%. Hill et al. [54] asked 140 American university 
students to recall the number of times they had experi-
enced unrequited love at three age groups (i.e., younger 
than 10, 10–15, 16–20) and found significant sex dif-
ferences for the number of episodes of unrequited love 
(i.e., male > female) in the 16–20 age range.

There is evidence from two studies that males fall 
in love more often than females do, while one study 
did not find such a difference. Galperin and Haselton 
[44] found no sex differences in number of episodes 
of romantic love in their sample (N = 357), whereas 
Hendrick and Hendrick [53] found a very small (R2 
approaching zero) but significant difference between 
females (2.50 episodes) and males (2.63 episodes) in 
their university sample. A third study [34] of 503 Span-
ish university students found that males had fallen in 
love a substantially greater number of times (3.06 epi-
sodes) on average than females had (2.16 episodes).

In an fMRI study of romantic love, Fisher et  al. [41] 
reported that males showed greater activation than 
females in the right posterior dorsal insula, which is 
associated with penile turgidity and the viewing of 
beautiful faces, and in regions associated with the inte-
gration of visual stimuli. Another study by Langeslag 
et  al. [59] found that females experiencing romantic 
love exhibited higher serum and plasma serotonin lev-
els than males experiencing romantic love. In addition, 
females experiencing romantic love displayed higher 
serotonin plasma levels than female controls, whereas 
the opposite effect was found for males: males experi-
encing romantic love displayed lower serotonin levels 
than control males. This study was of high quality but 
would require replication as endocrinological studies 
are notoriously noisy and inconsistent (see [46]). Some 
other studies (e.g., [53, 56, 72, 75, 76]; see also [93]) 
have investigated sex differences in relation to the Love 
Attitude Scale’s [52] Eros subscale, which is sometimes 
conflated with romantic love (see [16]). We choose not 
to consider this literature as the Eros subscale was not 
developed to measure romantic love, and others have 
advised against using it to measure romantic love [16], 
despite it frequently being done [51].
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The role of evolution in creating and maintaining 
psychological sex differences
We follow a theory-driven top-down approach from 
evolutionary psychology [61] in forming the predictions 
of this study. This approach consists of, firstly, identi-
fying a specific problem related to survival or repro-
duction that would have been consistently present in 
ancestral humans or in their environments. Secondly, 
it is necessary to articulate specific psychobehavioral 
predisposition(s) that would have (hypothetically) solved 
the adaptive problem. These include perceptual sys-
tems that detect cues related to the problem (inputs); 
computational (e.g., cognitive, hormonal) mechanisms 
(algorithms) that process these cues; and emotions, cog-
nitions, and behaviors produced by these algorithms 
to solve the adaptive problem (outputs; [61]). Here, we 
focus our analysis on the psychobehavioral outputs that 
would have hypothetically been caused by sex-specific 
adaptive problems. These adaptive problems are related 
to reproduction.

Behavioral differences between females and males are 
present not only in humans, but Darwinian sex roles 
have been observed across the animal kingdom [55]. In 
line with the Darwin–Bateman paradigm, anisogamy 
imposes stronger sexual selection on males, resulting 
in female-biased parental care and male-biased sexual 
dimorphism and lower parental investment [55, 62]. As 
a result of anisogamy, each sex faces different adaptive 
problems. Males face the adaptive problem of gaining 
sexual access to fertile females. Females face the adaptive 
problem of securing a male that is willing and capable of 
providing resources for the offspring (this adaptive prob-
lem is somewhat mitigated in some contemporary soci-
eties that have implemented policies that make it viable 
for females to be single parents; nevertheless, this altered 
fitness landscape has not been present long enough, 
evolutionarily speaking, to erase females’ preference for 
high-status males who would be viable providers for their 
offspring). The downstream effects of anisogamy and dif-
ferential sexual selection pressures on psychobehavioral 
sex differences in humans – including mate choice and 
mating strategies – have been thoroughly studied in evo-
lutionary psychology (e.g., [6, 27, 63, 65]), but less so in 
the context of romantic love.

Evolution by natural selection is the only known natu-
ral process that creates higher degrees of functional 
order in living organisms or counteracts the unavoid-
able increase in disorder that would otherwise ensue 
[94, 95]. Any functional organization in undomesticated 
organisms that is greater than expected by chance ulti-
mately results from natural selection [25, 61, 94, 95]. In 
this respect, humans are no different, and still subject to 
the same evolutionary processes as other species [55, 64]. 

Although there are many factors that may influence sex 
differences in human behavior – such as genetics, pre-
natal sex hormone exposure, local ecology, individual 
development, social history, and phylogeny – evidence 
from various sources indicates that evolutionary forces, 
including sexual selection, sexual differentiation of the 
mammalian brain, sexual division of labor, and their 
interactions, ultimately drive psychobehavioral sex differ-
ences in humans (see [64]; for a review). Although some 
researchers have argued that socialization into gender 
roles causes sex differences in humans, this hypothesis 
becomes less plausible when biological, developmen-
tal, neuroscientific, and cross-national evidence is con-
sidered more broadly (reviewed in [64]). Furthermore, 
evolutionary processes pre-date social conceptualiza-
tions of gender roles by several million years. Therefore, 
a full explanation of how social influences might affect 
sex differences in cognition and behavior would need to 
account for how evolutionary processes act as precursors 
to gender roles, whilst also partialing out any biological 
influences on sex differences in cognition and behavior 
[7, 55, 64, 70].

Psychological sex differences evolved in circumstances 
where females and males faced different adaptive chal-
lenges [6, 23]. There are few areas in which the chal-
lenges faced by females and males differ more greatly 
than in mating and reproduction. Males have faced the 
challenges of securing access to females whilst also being 
exposed to potential paternity uncertainty through 
female extra-pair copulations. Females have faced the 
problem of securing a reliable or replenishable supply of 
resources to sustain them (and their offspring) through 
pregnancy and lactation by identifying and selecting 
males that are both able and willing to invest in a long-
term partnership [23, 62]. Both sexes face the added task 
of assessing a partner’s genetic quality, health during 
development, and current condition (including physical, 
mental, and behavioral traits) [89]—though sex differ-
ences can also be expected in the relative importance of 
these traits in mate choice.

As romantic love serves reproductive functions (i.e., 
mate choice, courtship, sex, and pair bonding), and as 
male and female fitness landscapes are vastly different 
owing to anisogamy [63, 96], evolutionary theory would 
predict that substantial differences may exist between 
the sexes in the frequency, intensity, and psychobehavio-
ral features or consequences of romantic love [23]. This 
would be the case in domains where females and males 
faced different adaptive challenges, such as courtship, 
sexual behavior, commitment, and maximizing sex-spe-
cific fitness landscapes that arise from anisogamy and 
internal gestation. Consequently, we would assume that 
when aspects of romantic love solved different adaptive 
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challenges for females and males, larger sex differences 
will be present. In circumstances where females and 
males faced the same or similar adaptive challenges, psy-
chological sex differences will be very small or non-exist-
ent. The discussion section of the current study considers 
the results in the context of sexual selection 36].

The tendency for males to confess their love before 
females is considered the most common sex difference 
in romantic love in terms of evolutionary theory. Draw-
ing on theory about mating strategies from sociobiol-
ogy, Brantley et  al. ([21]) first considered this tendency 
in relation to male efforts to coax females into having sex 
with them. This idea has been developed since then, and 
researchers have made a compelling case that one func-
tion of romantic love is that it acts as a kind of commit-
ment device (see [4, 24, 43]; see also [102]). In essence, 
the idea is that because females bear greater costs of 
pregnancy and child-birth than males do [96], females 
seek males who will commit to them, ensuring the provi-
sion of resources including food and protection through-
out the period of pregnancy and early lactation (see 
[17, 62]). It has been suggested that romantic love is an 
“honest signal” of deep emotional involvement [86]. As a 
result, males may say “I love you” before females because 
they fall in love sooner (e.g., [47]) or because they are 
attempting to deceive a female into believing they have 
committed to them [21]. The former seems likely to be 
more common; after all, much of the evidence of males 
saying “I love you” before females comes from people 
who had been in a (potentially committed) romantic rela-
tionship, so romantic love is likely to have been a genuine 
feature underlying the males’ verbal expressions of love.

The current study
Predictions
The current study is the first to specifically investigate sex 
differences in romantic love using a relatively large cross-
cultural sample and validated measures. As a result, it 
provides the best evidence to date of whether sex differ-
ences exist in some aspects of romantic love. Given that 
romantic love serves reproductive purposes, and psycho-
logical sex differences are expected in domains related to 
reproduction [23], combined with extant evidence of sex 
differences in aspects of romantic love, we predicted that:

1.	 Males will have fallen in love more often than females 
(because of anisogamy and sex differences in parental 
investment, males should have a lower threshold to 
become reproductively invested in a potential mate);

2.	 Males will have fallen in love sooner than females 
(because the male fitness landscape favors quantity of 
potential mates over quality, whereas the opposite is 
true for females);

3.	 Females will express a greater intensity of romantic 
love than males (because females have more to gain 
from a committed long-term relationship than males 
do).

We had no predictions about the associations between 
biological sex and two other measures of romantic love 
(obsessive thinking about a loved one and commitment). 
We also conducted additional exploratory analyses to 
further investigate sex differences in romantic love using 
The Passionate Love Scale (Hatfield & Sprecher, 48).

Controls in multivariate analyses
We selected a broad range of controls for use in our 
multivariate analyses based on theory and literature. 
Individual-level controls included participants’ age, 
months they had been in love, and days since they had 
sex. Population-level control variables included sex ratio 
(number of males per 100 females) and gender inequality. 
Sex ratios are known to impact reproductive and social 
behaviors [67]. Gender inequality could influence sex 
differences in the expression of romantic love [103]. The 
number of times ever in love could feasibly represent a 
trade-off between frequency and intensity or may other-
wise influence characteristics of romantic love. Months 
in love could influence the intensity and form of romantic 
love, as different trajectories of features of love (i.e., pas-
sion, intimacy, and commitment) have been suggested to 
wax or wane over the period when an individual is in a 
romantic relationship [45, 90]. Days since sex could also 
have some impact upon the experience of romantic love 
as sexual activity in the previous 48 h has been shown to 
influence feelings about one’s romantic relationship [71].

We used measures of some features of romantic love 
as controls in some analyses. This was done because we 
understand the features of romantic love (e.g., number of 
times in love, love progression, intensity of romantic love, 
obsessive thinking about a loved one, and commitment) 
to be causally related, and previous research has found 
some strong associations between some of these features. 
Specifically, previous research [15] has found that obses-
sive thinking and commitment are significantly associ-
ated with the intensity of romantic love in a sample very 
similar to the present study drawn from the Romantic 
Love Survey 2022 [14]. We believe these are bi-direction-
ally causally related as the intensity of romantic love may 
represent a global construct that comprises the individ-
ual features of romantic love (i.e., obsessive thinking and 
commitment), and the intensity of romantic love may 
indicate the degree of activation or expression of multiple 
features that are acting in concert (see [12, 17]).

We also believe that the modern sex differences in 
number of times an individual has ever fallen in love and 
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when they fall in love relative to when a romantic rela-
tionship commenced may be indicative of evolved sex 
differences. This could also be associated with specific 
biological mechanisms (such as genetics, sex hormones, 
and life history strategy) that influence other features 
of romantic love (i.e., intensity, obsessive thinking, and 
commitment). In essence, we suspected that a common 
third factor (e.g., the biological, psychological, or social 
mechanisms that cause romantic love) may influence 
both of these factors (i.e., number of times fallen in love 
and timing of falling in love) and other features of roman-
tic love. We recognize that including romantic love-
related variables in regression models as controls may 
conflate the findings to some degree and we therefore 
provide the results of the relevant analyses without these 
romantic love-related variables in the body text, while the 
models with those control variables are presented in the 
Supplementary Material.

Preregistration
This study was preregistered [13] after a small amount of 
the data had been collected and viewed. The same analy-
sis conducted in this study was undertaken on a sample 
of 199 participants from the Romantic Love Survey 2022 
[14] prior to preregistration in October 2022 to facilitate 
an abstract to present at a conference. The predictions 
and methods remained the same. However, two insight-
ful peer reviewers of the current article highlighted 
errors with our hypotheses and predictions, as well as 
with our planned approach to test these hypotheses and 
predictions.

In the preregistration we failed to indicate the direction 
of any anticipated association between sex and features 
of romantic love (an obvious oversight) and made predic-
tions that were not testable using the methods we pro-
posed. Specifically, we predicted the magnitude of effect 
sizes for the anticipated associations between biological 
sex and features of romantic love, but more sophisticated 
statistical methods than proposed would be required to 
test these predictions. We acknowledge these errors and 
have revised our predictions and analyses accordingly. 
We now indicate the direction of the association (which 
are obvious from the literature review provided above) in 
the form of predictions and have removed references to 
the anticipated magnitude of effect sizes of associations. 
Contrary to the preregistration, we also decided to omit 
the use of digit ratios as a control variable. This is because 
a deeper reflection of the relevant research on digit 
ratios, prenatal sex hormone exposure, and sexual differ-
entiation of the brain (e.g., [7, 64, 65, 70]) suggested that 
digit ratio (as a proxy of prenatal sex hormone exposure) 
is not a “nuisance variable” to be controlled for in sex dif-
ference analyses but rather a potential mediator between 

biological sex and psychobehavioral outcome measures. 
Deviations from preregistration are appropriate when 
mistakes have been made [58]; however, the preregistra-
tion still adds value to this study by demonstrating that 
the selection of main variables and methods used in our 
analyses was made prior to undertaking the analyses.

Methods
Participants
Participants were 808 English-speaking young adults 
(female = 47.77%) from the publicly available Roman-
tic Love Survey 2022 [14] who self-identified as being 
in love. The majority of the female participants (94.6%, 
n = 365) identified as women, while 5.4% (n = 21 females) 
identified as neither men or women (most of them iden-
tified as non-binary). Nevertheless, these participants 
were analyzed as biological females. Most male par-
ticipants (98.1%, n = 414) identified as men, while 0.7% 
(n = 3 males) identified as women, and 1.2% (n = 5 males) 
identified as neither men nor women. All of these par-
ticipants were analyzed as biological males in this study. 
The Romantic Love Survey 2022 was collected online 
using Prolific [81] between October and December 2022. 
Participants were aged 18–25 and resided in 33 differ-
ent countries, primarily in North America, Europe, and 
South Africa. The survey was administered in English. 
There was a high proportion of students in the sample 
(69.93%) but this was expected given the age of partici-
pants and the platform used. Supplementary Table 1 pre-
sents the characteristics of the entire sample used in this 
study. We follow Bode and Kowal [16] for sample char-
acteristics reporting to maximize comparability with 
other studies and the assessment of generalizability. Sup-
plementary Table  2 shows the participants’ country of 
residence.

All participants answered “yes” to the question: “Are 
you currently in love with someone you have a roman-
tic relationship with (dating, committed relationship, or 
married/de facto)?” Only participants who had been in 
love for 23 months or less were included in the analy-
ses. This is because two years is a likely period of time in 
which individuals experience early-stage romantic love 
rather than long-term romantic love, a state which differs 
psychologically, mechanistically, and functionally from 
early-stage romantic love [1, 2, 79]. All participants had 
been in a romantic relationship for less than 48 months. 
Participants were also only included if they scored above 
130 on the Passionate Love Scale (PLS; [48]), which the 
originators of the scale have indicated is associated with 
having, at least, “tepid, infrequent passion” [49]. This 
approach to maximizing the likelihood that participants 
are experiencing romantic love rather than companionate 
love has been used previously [15]. Data for one intersex 



Page 8 of 20Bode et al. Biology of Sex Differences           (2025) 16:16 

participant was not included in the analysis to facilitate 
the use of sex as a binary variable (see [38]; for a discus-
sion on the binary nature of sex). Three cases were miss-
ing a total of four data points and all data for these cases 
were removed.

Measures
Biological sex
Biological sex was measured using a simple question ask-
ing, “What is your biological sex?” Data were coded as 1 
(female) or 2 (male).

Number of times in love
Number of times in love was collected using a simple 
question asking, “How many times have you ever been in 
love (including this time)?”

Love progression
Participants answered questions about (i) the length of 
time they had been in love and (ii) the duration of their 
romantic relationship (indicated by when they at least 
started dating). Participants were asked “How long have 
you been in love with the person you love?” and “How 
long have you had a romantic relationship with the per-
son you love (since you started dating or seeing the per-
son romantically)?” A variable, Love progression, assessing 
the sequence of romantic love and romantic relationship 
commencement (difference in months), was computed 
by subtracting the time in love from relationship dura-
tion. Scores below 0 indicate that an individual fell in love 
before their romantic relationship commenced, scores of 
0 indicate that an individual fell in love at the same time 
as their romantic relationship commenced, and positive 
scores indicate that an individual fell in love after their 
romantic relationship had commenced.

Measures of romantic love
The psychological characteristics of romantic love were 
measured using the PLS-30 [48], percent of time think-
ing about loved one, and the five commitment items 
from the Triangular Love Scale Short-form (TLS-15; 
[57]). The Intensity of romantic love was measured with 
the PLS-30, which is a 30-item measure of the cognitive, 
emotional, and behavioral characteristics of romantic 
love. It assesses the intensity of romantic love. Each item 
recorded scores by assessing agreement with statements 
on a nine-point Likert scale (1 = not at all true; 9 = defi-
nitely true). PLS-30 has been used cross-culturally [40] 
and is the most commonly used measure of romantic 
love in studies investigating the biological mechanisms 
of romantic love [16]. Cronbach’s alpha for the PLS-30 in 
this sample was 0.936. Obsessive thinking about a loved 
one is indicative of romantic love [12, 20, 59]. Percent 

of waking hours thinking about a loved one (Obsessive 
thinking) was measured on a sliding scale ranging from 0 
to 100%. Commitment is one component of love (Stern-
berg [90]) and romantic love serves as a “commitment 
device” (see [17, 24, 43]). The TLS-15 commitment sub-
scale is a five-item measure of commitment truncated 
from the full 45-item TLS commitment subscale [57]. 
The original TLS-15 version used a five-point scale for 
each item, but the Romantic Love Survey 2022 retained 
the traditional TLS nine-point scale. Each item records 
scores by assessing agreement with statements on a nine-
point Likert scale (1 = not at all; 9 = extremely). Cron-
bach’s alpha for the TLS-15 commitment subscale items 
in this sample was 0.899.

Control variables
Five control variables were used in regression analyses: 
(i) age, (ii) sex ratio, (iii) gender inequality, (iv) months 
in love, and (v) days since sex. Measures of romantic love 
(number of times in love, love progression, intensity of 
romantic love, obsessive thinking, and commitment) 
were also used as controls in additional analyses (see 
Supplementary Materials). Age was assessed by asking 
participants to indicate their age in years. Nation-level 
sex ratio (number of males per 100 females at birth) was 
taken for ages 15–49 in 2021 (i.e., we used sex ratios at 
birth for this age cohort, meaning that the data included 
sex ratio at birth between the years 1972–2006) from the 
United Nations [97]. Gender Inequality Index scores for 
2021 [98] were sourced for the country in which partici-
pants resided. Participants indicated how many months 
they had been in love. Participants were asked “How long 
since the last time you had sex with the person you love? 
“Sex” is however you choose to interpret it.” Responses 
ranged from “today” to “more than 7 days ago.”

Procedure
Means, standard deviations (for continuous variables), 
and percentages (for the categorical variables) were cal-
culated for variables used in the regression analyses, and 
t-tests were conducted for all romantic love variables 
with biological sex as the independent variable. Pearson’s 
correlations among all variables were calculated. To test 
prediction one, a hierarchical linear regression was con-
ducted with sex predicting number of times in love, while 
controlling for relevant variables. To test prediction two, 
a hierarchical linear regression was conducted with sex 
predicting love progression, while controlling for relevant 
variables. To test prediction three, a hierarchical linear 
regression was conducted with biological sex predicting 
intensity of romantic love. Two additional exploratory 
analyses were undertaken by conducting two hierarchical 
linear regressions with sex predicting obsessive thinking 
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and commitment, while controlling for relevant variables. 
We identified possible outliers by calculating Mahalano-
bis distances [66] using a cutoff of p < .001 [82].

In the final exploratory analysis, we undertook 30 
t-tests comparing mean scores for females and males on 
each of the 30 items of the PLS-30. Effect sizes and con-
fidence intervals were generated using Cohen’s d. In pre-
senting the results, we emphasize effect sizes and their 
confidence intervals instead of p-values [5, 11], owing 
to the exploratory nature of these item-specific PLS-
30 analyses. P-values have unknown diagnostic value 
in exploratory research, and using them in this context 
can incorrectly suggest that hypotheses are being tested 
instead of generated [5, 77]. We followed Hyde [84], see 
also [38], in interpreting the magnitude of Cohen’s d 
effect sizes so that sex difference effects were considered 
small when 0.11 < d ≤ 0.35; moderate when 0.36 < d ≤ 0.65; 
large when 0.66 < d ≤ 0.99; and very large when d ≥ 1.00.

Results
Means, standard deviations, and percentages for vari-
ables used in the regression analyses, as well as t-tests 
for all romantic love variables, are shown in Table 1. All 
romantic love variable means differed significantly by 
sex. Table  2 presents the zero order correlations for all 
variables used in the regression analyses. All assumptions 
for all regressions were met.

Biological sex and number of times in love
According to prediction 1, males would have fallen in 
love more often than females. This was tested using a 
hierarchical linear regression in which sex predicted 
number of times in love after controlling for age, sex 
ratio, gender inequality, and months in love.

The hierarchical linear regression predicting num-
ber of times in love revealed that at Step 1, control vari-
ables significantly contributed to the regression model, 

Table 1  Means, standard deviations, t-statistics, and univariate sex effect sizes of variables used in this study

Positive d-values indicate higher values in females; negative d-values indicate higher values in males

n = 808

Female Male 95% CI

Variable M SD n % M SD n % t df p Cohen’s d Lower Upper

Sex 386 100.00 422 100.00

Number of times in love 2.32 1.37 2.64 1.54 −3.15 806 0.002 −0.22 −0.36 −0.08

Love progression 1.92 4.44 0.98 4.29 3.07 806 0.002 0.22 0.08 0.36

Intensity of romantic love 213.41 29.90 206.37 32.05 3.22 806 0.001 0.23 0.09 0.37

Obsessive thinking 53.89 21.94 44.58 22.22 5.99 806 < 0.001 0.42 0.28 0.56

Commitment 37.11 7.09 36.09 6.56 2.11 806 0.035 0.15 0.01 0.29

Age 22.28 1.86 22.06 1.86

Sex ratio 101.74 2.88 102.03 3.27

Gender inequality 0.15 0.12 0.15 0.12

Months in love 8.49 6.26 7.77 5.67

Days since sex 3.63 2.86 3.36 2.90

Table 2  Zero order correlations among variables used in the regression analyses

* p < .05; **p < .01; ***p < .001

Variable 1 2 3 4 5 6 7 8 9 10 11

1 Sex (male) 1 0.11** −0.11*** −0.11*** −0.21*** −0.07* −0.06 0.05 0.00 −0.06 0.00

2 Number of times in love 1 −0.17*** −0.11*** −0.08* −0.13*** 0.05 −0.03 0.15*** −0.09** 0.05

3 Love progression 1 −0.11*** −0.04 −0.10** 0.07 −0.01 0.00 −0.09** −0.02

4 Intensity of romantic love 1 0.47*** 0.61*** −0.04 −0.02 0.11*** 0.14*** −0.03

5 Obsessive thinking 1 0.34*** 0.01 −0.07* 0.18*** 0.06 −0.06

6 Commitment 1 −0.02 −0.03 0.08* 0.24*** −0.12***

7 Age 1 −0.01 −0.02 0.07* −0.06*

8 Sex ratio 1 −0.23*** −0.02 0.01

9 Gender inequality 1 0.02 0.01

10 Months in love 1 −0.02

11 Days since sex 1
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F(4, 803) = 7.321, p < .001 and accounted for 3.04% of 
the variation in number of times in love. Adding sex to 
the regression model (Step 2) explained an additional 
1.00% of the variation in number of times in love and this 
change in adjusted R2 was significant, F(1, 802) = 9.793, 
p = .002. Males had fallen in love a greater number of 
times than females. Table 3 presents the regression statis-
tics for this analysis.

Biological sex and love progression
According to prediction 2, males would have fallen in 
love sooner than females. This was tested using a hier-
archical regression in which sex predicted love progres-
sion controlling for age, sex ratio, and gender inequality. 
Love progression was a variable constructed by subtract-
ing months in love from relationship duration (months) 
whereby negative scores indicated participants had fallen 
in love prior to starting their romantic relationships, 

scores of 0 indicated that they fell in love at the same 
time as they started their romantic relationship, and pos-
itive scores indicated they fell in love after starting their 
romantic relationship.

The hierarchical linear regression predicting love pro-
gression revealed that at Step 1, control variables did 
not contribute significantly to the regression model, F(3, 
804) = 1.172, p = .319 and accounted for < 0.01% of the 
variation in love progression. Adding sex to the regres-
sion model (Step 2) explained an additional 0.96% of the 
variation in love progression and this change in adjusted 
R2 was significant, F(1, 803) = 8.753, p = .003. Males had 
fallen in love sooner than females. Table  4 presents the 
regression statistics for this analysis. Supplementary 
Table 3 present the results of the regression analysis with 
number of times in love added as a control variable.

We note the mean love progression score for females 
was 1.92 months after romantic relationship formation 

Table 3  Hierarchical regression model of Number of Times in Love

n = 808; **p < .01; ***p < .001

95% CI

R2 Adjusted R2 Δ Adjusted R2 b SE β t p Lower Upper

Step 1 0.035*** 0.030***

Age 0.049 0.027 0.062 1.77 0.076 −0.01 0.10

Sex ratio 0.003 0.017 0.007 0.19 0.849 −0.03 0.04

Gender inequality 1.902 0.440 0.154 4.32 < 0.001 1.04 2.77

Months in love −0.025 0.009 −0.100 −2.87 0.004 −0.04 −0.01

Step 2 0.047*** 0.041*** 0.010**

Age 0.053 0.027 0.067 1.95 0.052 0.00 0.11

Sex ratio 0.001 0.017 0.002 0.05 0.964 −0.03 0.03

Gender inequality 1.887 0.437 0.153 4.32 < 0.001 1.03 2.75

Months in love −0.023 0.009 −0.094 −2.71 0.007 −0.04 −0.04

Biological sex (male) 0.318 0.102 0.108 3.13 0.002 0.12 0.12

Table 4  Hierarchical regression model of love progression

n = 808; *p < .05; **p < .01

95% CI

R2 Adjusted R2 Δ Adjusted R2 b SE β t p Lower Upper

Step 1 0.004 0.001

Age 0.154 0.083 0.065 1.86 0.064 −0.01 0.32

Sex ratio −0.011 0.051 −0.008 −0.22 0.823 −0.11 0.09

Gender inequality 0.068 1.334 0.002 0.05 0.959 −2.55 2.69

Step 2 0.015* 0.010* 0.010**

Age 0.140 0.083 0.059 1.69 0.091 −0.02 0.30

Sex ratio −0.004 0.051 −0.003 −0.08 0.934 −0.11 0.10

Gender inequality 0.106 1.328 0.003 0.08 0.937 −2.50 2.71

Biological sex (male) −0.912 0.308 −0.104 −2.96 0.003 −1.52 −0.31
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whereas for males it was 0.98 months, indicating that 
males fell in love approximately one month sooner than 
females did. The median love progression score was 1.00 
(one month after romantic relationship formation) for 
females and 0.00 (the same time as romantic relation-
ship formation) for males, suggesting that males fell in 
love sooner than females. The mode for both females and 
males was 0.00. We ran a post-hoc analysis comparing 
the proportion of participants who fell in love prior to the 
formation of a romantic relationship. Results indicated 
that a greater proportion of males (30.09%) than females 
(19.69%) fell in love prior to the onset of a romantic rela-
tionship, χ2(1, 808) = 11.604, p < .001.

Biological sex and intensity of romantic love
According to prediction 3, females would express a 
greater intensity of romantic love than males. This was 
tested with a hierarchical linear regression that predicted 
intensity of romantic love using sex as the independent 
variable, while controlling for age, sex ratio, gender ine-
quality, months in love, and time since sex.

The hierarchical linear regression predicting the inten-
sity of romantic love revealed that at Step 1, control vari-
ables contributed significantly to the regression model, 
F(5, 802) = 5.771, p < .001 and accounted for 2.87% of the 
variation in intensity of romantic love. Adding sex to the 
regression model (Step 2) explained an additional 1.06% 
of the variation in intensity of romantic love and this 
change in adjusted R2 was significant, F(1, 801) = 9.840, 
p = .002. Females scored higher on the intensity of 
romantic love than males. Table  5 presents the regres-
sion statistics for this analysis. Supplementary Table  4 

presents the results of the regression analysis with addi-
tional romantic love-related controls.

Biological sex and obsessive thinking
We conducted a hierarchical linear regression that pre-
dicted obsessive thinking using sex as the independent 
variable, while controlling for age, sex ratio, gender ine-
quality, months in love, and time since sex.

The hierarchical linear regression predicting obses-
sive thinking revealed that at Step 1, control vari-
ables accounted for 3.28% of the variation in obsessive 
thinking. Adding sex to the regression model (Step 2) 
explained an additional 4.01% of the variation in obses-
sive thinking. Females reported thinking about their 
loved one more than males. Table 6 presents the regres-
sion statistics for this analysis. Supplementary Table  5 
presents the regression results with additional romantic 
love-related variables added as controls.

Biological sex and commitment
We conducted a hierarchical linear regression that pre-
dicted commitment score using sex as the independent 
variable controlling for age, sex ratio, gender inequality, 
months in love, and time since sex. The hierarchical lin-
ear regression predicting commitment revealed that at 
Step 1, control variables accounted for 7.30% of the varia-
tion in number of times in love. Adding sex to the regres-
sion model (Step 2) explained an additional 0.28% of the 
variation in commitment. Females scored higher on com-
mitment than males. Table 7 presents the regression sta-
tistics for this analysis.

Table 5  Hierarchical regression model of intensity of romantic love

n = 808; **p < .01, ***p < .001

95% CI

R2 Adjusted R2 Δ Adjusted R2 b SE β t p Lower Upper

Step 1 0.035*** 0.029***

Age −0.913 0.585 −0.054 −1.56 0.119 −2.06 0.23

Sex ratio 0.114 0.360 0.011 0.32 0.752 −0.59 0.82

Gender inequality 27.481 9.364 0.105 2.93 0.003 9.10 45.86

Months in love 0.754 0.182 0.144 4.14 < 0.001 0.40 1.11

Days since sex −0.326 0.377 −0.030 −0.86 0.388 −1.07 0.41

Step 2 0.046*** 0.039*** 0.011**

Age −1.010 0.582 −0.060 −1.74 0.083 −2.15 0.13

Sex ratio 0.166 0.359 0.016 0.46 0.643 −0.54 0.87

Gender inequality 27.791 9.313 0.106 2.98 0.003 9.51 46.07

Months in love 0.723 0.182 0.138 3.98 < 0.001 0.37 1.08

Days since sex −0.331 0.375 −0.031 −0.88 0.377 −1.07 0.40

Biological sex (male) 6.790 2.165 −0.109 −3.14 0.002 −11.04 −2.54
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Exploratory analyses of biological sex and the PLS‑30
The exploratory analysis compared scores on 30 indi-
vidual items of the PLS-30 using independent sample 
t-tests. Effect sizes were calculated for each  sex differ-
ence comparison using Cohen’s d. As shown in Table 8, 
small sex differences were identified for despair, jeal-
ous, no one else, yearn, want, affection, tender, lonely, 
signs, and touch, and moderate magnitude sex differ-
ences were identified for know me, and bubbly. Table  8 
provides the means and standard deviations for females 
and males for each of the PLS-30 items as well as the test 
statistics, Cohen’s d, and 95% confidence intervals for the 
point estimate. Positive d-values indicate higher scores 

for females; negative d-values indicate higher scores for 
males.

Discussion
This study tested three predictions about sex differences 
in various aspects of romantic love: the number of times 
participants had fallen in love; when individuals fell in 
love relative to when they started their romantic relation-
ships (love progression); and the intensity of romantic 
love. The predictions were drawn from sexual selection 
theory as well as from studies investigating sex differ-
ences in romantic love. We also conducted exploratory 
analyses to investigate sex differences in two additional 

Table 6  Hierarchical regression model of obsessive thinking

n = 808

95% CI

R2 Adjusted R2 Δ Adjusted R2 b SE β Lower Upper

Step 1 0.039 0.033

Age 0.011 0.422 0.001 −0.82 0.84

Sex ratio −0.229 0.260 −0.031 −0.74 0.28

Gender inequality 31.901 6.753 0.168 18.65 45.16

Months in love 0.202 0.131 0.053 −0.06 0.46

Days since sex −0.484 0.272 −0.062 −1.02 0.05

Step 2 0.080 0.073 0.040

Age −0.121 0.413 −0.100 −0.93 0.69

Sex ratio −0.158 0.255 −0.022 -0.66 0.34

Gender inequality 32.320 6.612 0.170 19.34 45.30

Months in love 0.159 0.129 0.042 −0.09 0.41

Days since sex −0.492 0.266 −0.063 −1.01 0.03

Biological sex (male) −9.174 1.537 −0.203 −12.19 −6.16

Table 7  Hierarchical regression model of commitment

n = 808

95% CI

R2 Adjusted R2 Δ Adjusted R2 b SE β t Lower Upper

Step 1 0.079 0.073

Age −0.173 0.125 −0.047 −1.39 −0.42 0.07

Sex ratio −0.019 0.077 −0.008 −0.24 −0.17 0.13

Gender inequality 4.396 2.001 0.077 2.20 0.47 8.32

Months in love 0.274 0.039 0.239 7.03 0.20 0.35

Days since sex −0.273 0.081 −0.115 −3.39 −0.43 −0.11

Step 2 0.083 0.076 0.003

Age −0.185 0.125 −0.051 −1.48 −0.43 0.06

Sex ratio −0.012 0.077 −0.005 −0.16 −0.16 0.14

Gender inequality 4.435 1.998 0.077 2.22 0.51 8.36

Months in love 0.270 0.039 0.236 6.93 0.19 0.35

Days since sex −0.274 0.080 −0.115 −3.40 −0.43 −0.12

Biological sex (male) −0.855 0.464 −0.063 −1.84 −1.77 0.06
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features of romantic love (obsessive thinking and com-
mitment) and any sex differences in items of a com-
monly used measure of the cognitive, emotional, and 
behavioral features of romantic love (i.e., PLS-30). Uni-
variate sex differences on all five romantic love outcome 
variables (Table  1) were statistically significant (and in 
the predicted direction for the three variables for which 
predictions were provided). Using multivariate analyses, 
all three of our predictions were supported. Of the two 
additional analyses investigating the multivariate associa-
tion between biological sex and features of romantic love, 
we found that females had higher obsessive thinking than 
males (the largest association of all outcome variables 
investigated) but no significant sex difference in com-
mitment was found. Our exploratory analyses of PLS-30 

items identified some small and moderate univariate sex 
differences in the features of romantic love.

The data provided support for prediction 1: the univar-
iate analysis indicated that males had fallen in love a sig-
nificantly greater number of times than females. This is 
consistent with previous research [53]. A very small sig-
nificant positive association of male sex with number of 
times in love was identified in the multivariate analysis. 
Control variables explained a greater proportion of the 
variance in number of times in love than did biological 
sex.

The data provided support for prediction 2: the uni-
variate analysis indicated that males had fallen in love 
significantly earlier than females. This is consistent with 
previous research [47]. A very small significant negative 

Table 8  Means, standard deviations, t-statistics, degrees of freedom, and Cohen’s ds for sex differences for each PLS-30 item

Positive d-values indicate higher scores for females; negative d-values indicate higher scores for males

Female Male 95% CI

PLS-30 item M SD M SD t df Cohen’s d Lower Upper

1 Rollercoaster 5.24 2.34 5.28 2.30 −0.27 806 −0.02 −0.16 0.12

2 Despair 6.97 2.05 6.56 1.97 2.91 806 0.21 0.07 0.34

3 Trembles 6.40 2.06 6.34 1.88 0.42 806 0.03 −0.11 0.17

4 Studying 6.89 1.97 6.61 1.94 2.05 806 0.14 0.01 0.28

5 Obsessive 5.42 2.27 5.51 2.18 −0.58 806 −0.04 −0.18 0.10

6 Happy 8.02 1.19 7.79 1.37 2.51 806 0.18 0.04 0.32

7 Rather 7.49 1.61 7.27 1.68 1.87 806 0.13 −0.01 0.027

8 Jealous 7.84 1.80 7.30 1.93 4.06 806 0.29 0.15 0.42

9 No one else 5.45 2.59 5.89 2.27 −2.59 806 −0.18 −0.32 −0.04

10 Yearn 7.44 1.50 7.02 1.70 3.75 806 0.26 0.13 0.40

11 Want 8.19 1.11 7.79 1.28 4.71 806 0.33 0.19 0.47

12 Forever 6.83 1.91 6.71 1.85 0.87 806 0.06 −0.08 0.20

13 Melt 7.37 1.60 7.14 1.70 1.98 806 0.14 0.00 0.28

14 Affection 7.70 1.38 7.25 1.60 4.38 806 0.31 0.17 0.44

15 Perfect 7.16 1.76 7.16 1.67 0.01 806 0.00 −0.14 0.14

16 Happiest 7.46 1.64 7.32 1.56 1.19 806 0.08 −0.05 0.22

17 Body 7.95 1.27 7.72 1.36 2.52 806 0.18 0.04 0.32

18 Tender 8.00 1.25 7.66 1.34 3.77 806 0.27 0.13 0.40

19 On mind 7.10 1.57 6.88 1.65 1.94 806 0.14 0.00 0.27

20 Lonely 7.10 1.88 6.74 1.89 2.71 806 0.19 0.05 0.33

21 Concentrate 5.27 2.33 5.09 2.20 1.16 806 0.08 −0.06 0.22

22 Know me 7.69 1.42 7.12 1.65 5.20 806 0.37 0.23 0.51

23 Complete 7.63 1.48 7.51 1.40 1.18 806 0.08 −0.05 0.22

24 Signs 7.41 1.54 6.93 1.70 4.15 806 0.29 0.15 0.43

25 Concerns 7.72 1.36 7.65 1.42 0.67 806 0.05 −0.09 0.19

26 Bubbly 7.52 1.27 7.08 1.46 5.89 806 0.41 0.28 0.55

27 Touch 7.91 1.27 7.52 1.47 3.98 806 0.28 0.14 0.42

28 Existence 6.01 2.28 5.79 2.22 1.34 806 0.09 −0.04 0.23

29 Attraction 7.58 1.37 1.48 1.43 1.06 806 0.07 −0.06 0.21

30 Depressed 6.54 2.05 6.25 2.08 2.01 806 0.14 0.00 0.28
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association of male sex with love progression was identi-
fied in the multivariate analysis. Biological sex explained 
more of the variance in love progression than did con-
trol variables. Post-hoc analysis indicated that a greater 
proportion of males than females fell in love before they 
commenced their romantic relationship.

The data provided support for prediction 3: the univar-
iate analysis indicated that females experienced romantic 
love more intensely than males. This is consistent with 
previous research [30, 53]. There was a very small sig-
nificant negative association of male sex with intensity of 
romantic love in the multivariate analysis. Control vari-
ables explained more of the variance in the intensity of 
romantic love than did biological sex.

The univariate analysis indicated that females experi-
enced obsessive thinking about their loved one more than 
males did. This was the largest univariate sex differences 
of any outcome variable considered. This result remained 
robust in the multivariate analysis, which showed that 
males had notably lower obsessive thinking scores than 
females did. This was the largest multivariate association 
among the outcome variables considered. Biological sex 
explained more variance in obsessive thinking than con-
trol variables did.

The univariate analysis indicated that females expe-
rienced higher commitment than males. This was the 
smallest univariate sex difference among the outcome 
variables considered. This difference did not exist at a 
multivariate level, however, with no significant asso-
ciation between biological sex and commitment being 
found.

In our exploratory analysis of the PLS-30 items, small 
and moderate univariate sex differences were found for 
mostly emotional features of romantic love.

In conclusion, it is reasonable to ask whether the 
sex differences identified in this study are meaningful, 
whether sexual selection played a role in their emergence, 
and if any alternative theories might explain these sex 
differences.

Where do meaningful sex differences occur in romantic 
love?
Univariate and multivariate sex differences were identi-
fied for the number of times ever in love, love progres-
sion, intensity of romantic love, and obsessive thinking. 
The univariate sex differences were all small (except for 
obsessive thinking, which had a moderate effect size; see 
Table  1) and these tended to reduce in magnitude at a 
multivariate level. That these sex differences were only 
moderate or small does not contradict the hypothesis 
that they are a result of evolutionary processes underlying 
distinct adaptive problems faced by males and females. 
Take, for example, sex differences in mate preferences 

(e.g., [23, 100]). At a univariate level, most of the com-
monly cited sex differences (i.e., preferences for health, 
kindness, intelligence, physical attractiveness, and finan-
cial prospects in a potential mate) are relatively small in 
magnitude [100]. However, when considered in concert 
with each other, these differences represent a meaningful 
difference between the sexes, with strong sex-predictive 
effect [33]. The same may be true of small and very small 
sex differences in various aspects of romantic love.

Of note, the largest sex difference in a feature of roman-
tic love existed for obsessive thinking. Females thought 
about their loved one about 54% of their waking hours 
whereas males thought about their loved one 44% of wak-
ing hours. This difference is substantial, and a lay person 
would likely notice such a difference in themselves (vs. 
their partner) if experiencing romantic love. This raises 
questions about the functions of obsessive thinking and 
what adaptive challenges it helps to overcome (discussed 
below).

Small univariate and very small multivariate sex dif-
ferences were identified for love progression (when an 
individual fell in love relative to when they started their 
relationship). The difference was about one month, with 
females falling in love on average about two months after 
starting a romantic relationship and males falling in love 
on average about one month after starting a romantic 
relationship. It was also demonstrated that a larger pro-
portion of males than females had fallen in love before 
a romantic relationship had commenced. Falling in love 
one month earlier is practically meaningful. Falling in 
love one month earlier provides males with a greater 
opportunity to use romantic love to promote courtship 
(see [41]), to demonstrate romantic love as an honest 
signal of commitment [86], and to say “I love you” first 
[102]. All of this is consistent with the well documented 
sex difference in partner selection, with females being 
choosier than males [96], even in the context of mutual 
mate choice [92]. A small univariate or very small mul-
tivariate sex difference is sufficient to result in a plethora 
of downstream responses to adaptive demands by one 
or the other sex. According to this line of reasoning, a 
female would be less likely to fall in love before a male 
has shown adequate behavioral signs of commitment, 
which are the signal that typically enable the female to 
fully fall in love.

Did sexual selection play a role in the evolution of sex 
differences in romantic love?
Prior research has established that psychobehavioral sex 
differences are common in domains related to reproduc-
tion [23]. This is because reproduction is a domain in 
which females and males commonly faced (and still face) 
different adaptive challenges. The role of sexual selection 
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is understood to be predominant in the development of 
such psychobehavioral sex differences [6, 62, 64]. Roman-
tic love serves several functions related to reproduction 
[17] and therefore it was anticipated that meaningful sex 
differences in various psychobehavioral facets of roman-
tic love would be found, given that each sex faced differ-
ent adaptive challenges in their evolutionary history.

An increased frequency of falling in love and earlier 
timing in which males fall in love may have been a means 
of overcoming the male-specific adaptive problem of 
needing to court and demonstrate commitment. In the 
evolutionary history of humans, females may have been 
more likely to choose suitors who fell in love first, who 
were motivated to court, and who provided an honest 
signal of commitment.

The sex difference in the intensity of romantic love 
is less clear-cut. The sex difference in the intensity of 
romantic love equates to only a 1% difference on PLS 
scores. It appears rather unlikely that sex differences in 
intensity of romantic love would be under direct sexual 
selection (i.e., that mate choice would favor different lev-
els of romantic love in a sex-specific manner), or that 
mate choice would fully explain sex differences in the 
intensity of romantic love. Rather, it is more likely that 
sex differences in the intensity of romantic love arise 
because of other factors, such as anisogamy and differ-
ential parental investment, which might favor somewhat 
different levels of intensity of romantic love in males and 
females.

Something similar can be said for obsessive thinking 
about a loved one. If obsessive thinking did not affect 
behavior, it would also be unlikely that one sex or the 
other would select mates based on the percentage of 
time their potential mate thought about them. So, what 
behavioral outcomes result from obsessive thinking? The 
literature is scant on this topic. Despite being highlighted 
in both major theoretical contributions to understanding 
the evolution of romantic love [12, 41], surprisingly lit-
tle research has been undertaken on the phenomenon of 
obsessive thinking (see [8, 20, 68, 69, 39 for exceptions), 
and no one has provided a likely explanation of its func-
tions in romantic love (although note the suggestion of 
[68]). Notably, however, obsessive thinking is positively 
associated with commitment, intensity of romantic love 
(Table 2), and frequency of sexual activity (with the latter 
correlation being stronger in females than in males; [19]), 
which implies that it is one of the cognitive mechanisms 
underlying important behavioral aspects of romantic 
love.

Romantic love solved one fundamental challenge faced 
by both females and males in our evolutionary history – 
survival of the mother, fetus, and offspring in the early 
stage of life (see [12]). While small differences exist in 

various features of romantic love, and some of these may 
be the result of sexual selection acting on different adap-
tive problems faced by females and males, it is undeni-
able that the primary reproductive function of romantic 
love when it emerged and throughout the subsequent 
evolution was successful reproduction and the survival 
of viable offspring into adulthood. According to this line 
of thinking, romantic love may initially serve the func-
tion of a commitment device whereby a male shows they 
are committed to a female, providing the female with a 
signal that allows her to become emotionally, physically, 
and reproductively invested in the male. This hypoth-
esis is supported by the finding that males fall in love – 
and express their love – sooner than females (Table  1), 
as well as by a positive correlation (stronger in females 
than in males) between frequency of sex and three fac-
ets of romantic love: intensity, commitment, and obses-
sive thinking [19]. Thus, romantic love would lead (or 
would have evolutionarily led) from the identification 
of a suitable partner to commitment, copulation, and 
reproduction.

A comment on the causal relationship between different 
features of romantic love
As indicated in the Introduction, we included several 
variables related to romantic love in the regression mod-
els as controls because we believed they were bi-direc-
tionally correlated with each other. There is support for 
this notion in most models (see Supplementary Materi-
als). The intensity of romantic love was significantly asso-
ciated with both obsessive thinking and commitment. 
Obsessive thinking was associated with commitment in 
a bivariate analysis (Table 2) but not when other variables 
were controlled for in a multivariate analysis (Supple-
mentary Tables 5 and 6). This indicates that the relation-
ship between obsessive thinking and commitment is 
either mediated or confounded by other variables. This 
should be considered in future research investigating the 
features of romantic love.

There was little evidence supporting our notion that 
the number of times an individual had ever fallen in 
love and when an individual fell in love relative to when 
they started their relationship might be associated with 
other features of romantic love because of a common 
third factor influencing both (i.e., biological, psycho-
logical, or social mechanisms of romantic love). Love 
progression (i.e., when individuals fell in love relative to 
when they started their romantic relationship) was sig-
nificantly associated with the intensity of romantic love, 
suggesting a possible causal relationship via the indi-
vidual differences in the biological, psychological, and 
social mechanisms that cause romantic love. Number 
of times ever in love was not associated with any of the 
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outcome variables (although it was approaching signifi-
cance for commitment). This may suggest that some of 
the mechanisms that influence some aspects of roman-
tic love may also influence other aspects, but there may 
be other mechanisms that influence specific aspects, and 
not others. This may seem obvious, but to our knowl-
edge, this study provides the first empirical evidence of 
this hypothesis.

Insights into the interaction between evolution 
and the social environment
In our study, gender inequality was positively associated 
with number of times ever in love (Table 3), intensity of 
romantic love (Table 5), obsessive thinking (Table 6), and 
commitment (Table  7), even when controlling for other 
variables. This indicates that in countries with higher 
gender equality, people experience fewer instances of 
romantic love, and less obsessive thinking about and 
commitment to the person with whom they are in love, 
as well as less intense romantic love, than in countries 
with lower gender equality. Though these cross-national 
analyses are only preliminary (for example, we did not 
address statistical problems arising from spatial auto-
correlation; see [31]; nor did we have large samples from 
all the countries included in the analyses), they suggest 
cross-national variation in certain facets of romantic 
love. This suggests that there is cross-national variance 
in either biological (e.g., genetic), ecological (e.g., harsh-
ness, life history variation), or cultural underpinnings [3, 
37, 62, 63, 99] that result in cross-national variation in 
various aspects of romantic love. However, we emphasize 
that this remains to be determined with larger samples 
with greater global coverage and appropriate methodol-
ogy [31].

Future research
This study provides impetus for future research. A rep-
resentative study of number of times in love would prove 
useful because it could take into account the impact of 
age on number of times in love. To analyze love progres-
sion in greater detail, it would be useful to also collect 
data on how long an individual has known their loved 
one and whether they experienced a crush or an acute 
courtship attraction episode prior to the onset of roman-
tic love. Combining such data with additional data about 
sexual activity initiation and when individuals said “I love 
you” would prove incredibly informative. There are other 
means of assessing the intensity of romantic love (e.g., the 
Triangular Love Scale; [57, 91]; Infatuation and Attach-
ment Scale; [60]) than PLS-30, and future research would 
benefit from using these measures alongside the PLS-
30 to see if differences in results arise. There may also 
be opportunities to assess the contribution of biological 

sex to individual components of romantic love suggested 
by the theory of co-opting mother infant bonding (e.g., 
Infatuation [59]; Attachment [60]; obsessive thinking; 
love progression; and Sexual Desire [88]). Analyzing the 
biological, ecological, or cultural underpinnings that may 
contribute to sex differences in romantic love would be 
another avenue for future research. For instance, a recent 
study found that cross-national differences in moderniza-
tion and collectivism are associated with cross-national 
differences in some aspects of romantic love, such as 
intimacy [87]. Such findings warrant further investiga-
tion, particularly considering the current findings imply-
ing that cross-national differences in gender inequality 
may covary with cross-national differences in romantic 
love. The current results showed that gender equality is 
associated with less commitment, intensity of romantic 
love, and obsessive thinking as well as fewer instances of 
romantic love.

Limitations
While this study has been able to provide insights into the 
possible sex-specific evolutionary functions of romantic 
love, it is not without limitations. First, all participants 
were recruited online, speak fluent English, and reside 
in OECD countries plus South Africa. Additionally, they 
were generally highly educated, and most were current 
students. All were aged between 18 and 25 and were 
therefore not representative of the variety of humans. 
As a result, the generalizability of this study is some-
what limited (see [16]). The ability to draw evolutionary 
inferences from the current data is also limited, given the 
fact that the data were cross-sectional and the data did 
not include populations with ancestral lifestyles. Includ-
ing populations with ancestral or near-ancestral lifestyles 
would have been beneficial for being able to rule out the 
hypothesis that the sex differences observed in this study 
may have somehow arisen from the significant cultural 
and/or environmental (e.g., lifestyle) changes that have 
taken place since the advent of agriculture.

A particularly noteworthy consideration in this 
respect is the emergence of contemporary lifestyles that 
are characteristic of large populations living in towns 
and cities rather than the small-scale populations that 
were the status quo during much of human evolution. 
These shortcomings are nevertheless somewhat miti-
gated inasmuch as the current findings are consistent 
and consilient with other evolutionarily salient findings 
regarding sex differences in contemporary humans (see 
e.g., [6, 55, 64] for more detailed discussions). Further-
more, the sex ratio data were provided at the level of 
nations, lacking the kind of granularity that would be 
required for more accurate estimates of how this vari-
able may influence human mating. After all, sex ratios 
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may substantially vary within countries, e.g., between 
different cities or between rural and urban areas, and 
nation-level data will not be accurate at the level of 
individuals residing in different parts of a country (see 
e.g., [101]; who reported that the correlation between 
city-level overall sex ratio and country-level sex ratio 
at birth was very low, r = .16). As the sex ratio data 
included sex ratios at birth for the years 1972–2006, 
it did not account for possible sex ratio changes that 
might have occurred because of emigration.

We also note that 27.10% of participants in our study 
identified with a non-heterosexual sexual orientation 
(see Supplementary Table 1). Given recent evidence that 
romantic love shows some psychobehavioral differences 
in different sexual orientation groups for both females 
and males [19], sex differences may be more pronounced 
when only heterosexual males and females are compared 
with each other; after all, non-heterosexual individuals 
create additional variation in the data, which somewhat 
muddles the sex differences between heterosexual males 
and females. It may therefore be important to ask not 
only whether there are sex differences in romantic love, 
but whether those differences are more substantial when 
only heterosexual males and females are compared with 
one another.

Our exploratory analysis comparing all variables on 
the PLS-30 by sex was conducted without a priori pre-
dictions, and the risk of type I error was substantially 
increased. The results of those analyses should there-
fore be considered only as preliminary findings that can 
be used as a guide for future confirmatory research. In 
relation to the analysis of love progression, we recognize 
that we are relying on participants’ recall, which may be 
imprecise. Nonetheless, this study is the first to specifi-
cally investigate the role of biological sex in a broad range 
of romantic love characteristics focusing solely on people 
experiencing romantic love. The findings of the explora-
tory analyses have generated ideas about the evolution 
of romantic love and demonstrate that a bottom-up 
approach to the science of romantic love can be useful 
when knowledge is sparse.

We do note, however, that there is a possibility that 
some of the participants in this study were not experi-
encing romantic love and were in fact experiencing com-
panionate love. This is suggested by the fact that some 
participants scored relatively low on the PLS and had 
been in a romantic relationship for more than 2 years. We 
took steps to try to minimize the likelihood of including 
people experiencing companionate love (i.e., by including 
only those self-reporting being “in love” for 23 months or 
less and those scoring above 130 on the PLS). Nonethe-
less, there is evidence that people can confuse compan-
ionate love for romantic love [29] and readers should take 

this possibility into account as it may have added some 
additional variance to the models.

Conclusion
This study investigated sex differences in romantic love. 
Small sex differences were found for number of times 
in love, love progression, commitment, and intensity of 
romantic love in univariate analyses, while the sex differ-
ence in obsessive thinking was of moderate magnitude, 
with females having higher scores on this trait. The find-
ings are important because they are the first to study the 
topic in such detail. The findings support specific theo-
ries about the evolution of romantic love and the evo-
lution of sex differences in romantic love. The results 
provide more support for perspectives on the evolution-
ary processes influenced by, and causing, romantic love.

Perspectives and significance
This is the first study to investigate sex differences in 
a sample of people exclusively experiencing roman-
tic love. At the univariate level, differences were identi-
fied between females and males in relation to number of 
times ever experiencing romantic love, when they fell in 
love relative to when they started their romantic relation-
ship, the intensity of romantic love, obsessive thinking 
about a loved one, commitment, and particular features 
of romantic love (i.e., specific items of PLS-30). A key 
finding is that males fall in love on average one month 
earlier than females, and this may account for why males 
tend to say “I love you” first. These sex difference tended 
to decrease in multivariate analyses. This study has gen-
erated theory about the evolutionary history and evolu-
tionary functions of romantic love. This is an important 
study applying evolutionary theory to a vital and under-
studied aspect of human mating. One of the strengths of 
the study is that participants were drawn from 33 differ-
ent countries.
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