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Abstract

Research on testosterone has long been dominated by a focus on “high testosterone”
behaviors, such as aggression, competition, and dominance. The vast majority of this
work, including in humans, has also been conducted in exclusively male samples, based
in part on presumed links between testosterone and masculinity. Yet testosterone is
implicated in many psychological and interpersonal processes for both men and
women, and “low testosterone” behaviors may be particularly critical for ongoing close
relationships. This fairly narrow focus on high testosterone, in men, leaves major gaps in
our understanding of the social neuroendocrinology of close relationships, particularly
as related to positive processes like caregiving, support-seeking, and intimacy. The goal
of this review is to integrate the literature on testosterone in close relationships, in both
men and women, with an eye toward closeness, intimacy, and other positive processes
that likely contribute to and are supported by individual differences in testosterone and
changes in testosterone over time. I focus on testosterone in the context of romantic
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and parent-child relationships, and highlight directions for future research that can help
to fill important gaps in this literature. Further, I argue that, because close relationships
are inherently dynamic and dyadic, longitudinal research that includes both men and
women, and ideally both couple members, is critical for a complete understanding of
the role of testosterone in close relationship processes.

1. Overview

In the media and popular culture, testosterone is often depicted as

critical for seemingly “masculine” behaviors, such as competition, sexual

prowess, and physical strength ( Jordan-Young & Karkazis, 2019). “Low

testosterone” is often considered problematic, particularly (and in some cases

exclusively) for men, and opportunities abound for men to increase their

testosterone. Based on these kinds of characterizations, onemight reasonably

assume that high levels of testosterone are essential for men, and potentially

problematic for women, with few limits on the benefits of increasing (men’s)

testosterone. In reality, but perhaps not surprisingly, empirical research

reveals a much more nuanced picture: Although there are certainly many

benefits of high(er) testosterone, particularly for attracting and obtaining

sexual partners and defending offspring, lower testosterone may in fact be

more beneficial for maintaining close relationships—both with romantic

partners and children—once those relationships have been established

(Edelstein & Chin, 2018). This “tradeoff”, between attracting sexual part-

ners and defending offspring on the one hand, versus maintaining romantic

relationships and nurturing offspring on the other hand, is thought to be

evolutionarily adaptive in that it allows for flexibility in the allocation of

resources to the most pressing tasks facing an individual at a given point

in time (van Anders, Goldey, & Kuo, 2011; Wingfield, Hegner, Dufty, &

Ball, 1990).

Despite consensus on such tradeoffs, most research on the psychological

correlates and implications of testosterone in humans and other animals,

even in the context of close relationships, tends to center around processes

associated with higher testosterone, such as aggression, competition, domi-

nance, and sexual attraction or desire (e.g., Eisenegger, Haushofer, &

Fehr, 2011; Geniole & Carr!e, 2018; see van Anders et al., 2011). Perhaps

as a consequence, these studies also typically focus exclusively on men; very

few studies include both men and women, let alone couples or dyads,

making it difficult to assess within-couple associations or gender differences

in links between testosterone and relationship processes (Edelstein & Chin,

2018). Although men typically have higher baseline or endogenous levels
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compared to women, testosterone plays an important role in many psycho-

logical and interpersonal processes in both men and women (Goldey & van

Anders, 2015). Thus, this narrow focus on men and “high testosterone”

processes leaves major gaps in our understanding of more nurturant

aspects of close relationships, such as those related to support-seeking,

caregiving, emotional and physical intimacy, and other positive relationship

processes. This gap is particularly striking in that it diverges from the close

relationships literature more generally, which has long focused on nurturant

constructs such as perceived partner responsiveness, closeness, and social

support (Reis & Gable, 2003; Warren & Donaldson, 2017).

The goal of this review is to integrate the literature on testosterone in

close relationships, in humans, with an eye toward closeness, intimacy,

and other positive relationship processes that are likely supported by and feed

into individual differences in testosterone and changes in testosterone over

time. I will highlight major gaps in our understanding of the role of testos-

terone in romantic and parent-child relationships, and consider directions

for future research that can help to fill these gaps. I argue that adopting a

dyadic, longitudinal approach is critical for a complete understanding of

links between testosterone and relationship dynamics. Relationships with

partners and children are inherently dyadic, in that they include more

than one person. Thus, research with couples should be considered the

gold standard for understanding dyadic processes, such as how one partner’s

provision of support might influence his or her partner’s hormone levels.

Moreover, questions about hormonal synchrony or coordination between

partners can only be answered with dyadic data. Relationships with partners

and children also change over time, and many fundamental questions

about close relationships involve major life transitions, such as relationship

initiation, divorce, and becoming a parent. Thus, longitudinal data are

particularly important for understanding how relationship processes unfold

over time and for teasing apart causality between hormones and relationship

outcomes.

In the following sections, I review the implications of differences

and changes in testosterone for romantic and parent-child relationships,

with a particular focus on processes that are thought to be evolutionarily

adaptive. I consider assessments of individual differences in testosterone

(e.g., links between baseline testosterone and relationship outcomes) as well

as changes in testosterone over time (e.g., in the short-term as a function of

experimental manipulations or longer-term as a function of developmental

changes). Given that several recent reviews focus on the implications of par-

tnering and parenting exclusively for men’s testosterone (e.g., Gettler, 2020;
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Grebe, Sarafin, Strenth, & Zilioli, 2019; Meijer, van IJzendoorn, &

Bakermans-Kranenburg, 2019; Zilioli & Bird, 2017), I highlight research

conducted with women whenever possible, and particularly research that

includes couples or dyads.

2. The costs and benefits of testosterone in close
relationship contexts

Testosterone is a steroid hormone that is found in virtually all verte-

brates, including birds, reptiles, and mammals (Hirschenhauser & Oliveira,

2006). It is an end-product of the hypothalamic-pituitary-gonadal (HPG)

axis, produced primarily in the testes in men and in the ovaries and adrenal

glands in women. Although commonly thought of as a “male” hormone,

and despite fairly large sex differences in baseline or endogenous levels,

testosterone plays an important role in physical development, sexual differ-

entiation, and behavioral regulation in both male and female animals,

including humans (e.g., Goldey & van Anders, 2015). In fact, in some

studies, small changes or differences in testosterone appear to be more

strongly associated with outcomes for women than for men (e.g., Dhillon

et al., 2020; Edelstein, van Anders, Chopik, Goldey, & Wardecker,

2014; Raisanen, Chadwick, Michalak, & van Anders, 2018), perhaps in

part because women have relatively lower baseline levels compared to men

(Sherwin, 1988).

From an evolutionary perspective, testosterone “tradeoffs” have typically

been framed as a tension between attracting sexual partners and producing

offspring (i.e., mating) on the one hand versus caring for those offspring

(i.e., parenting) on the other hand (e.g., Gettler, 2020). One of the

most widely adopted frameworks for understanding such tradeoffs—the

“Challenge Hypothesis”—was initially developed to understand sources

of variability among monogamously mating male birds and, ultimately,

male animals (including humans) more broadly (Wingfield et al., 1990;

Wingfield, Ramenofsky, Hegner, & Ball, 2020). In its original form, the

challenge hypothesis built on observations that (1) in many male animals,

testosterone is typically higher during mating compared to non-mating

seasons and (2) both within and between species, males who devote more

resources to mating than parenting typically have higher testosterone than

those who devote more resources to parenting than mating. Increases in

male animals’ testosterone have also been linked to territorial aggression

and intra-sex competition for access to receptive females. Critically, from
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this perspective, higher testosterone is adaptive for attracting sexual partners

and defending offspring; however, because the production of testosterone is

metabolically costly (e.g., potentially impairing immune functioning; Foo,

Nakagawa, Rhodes, & Simmons, 2017), and because aggression directed

towards offspring may decrease reproductive success, high levels of testos-

terone are thought to be incompatible with parental care. Thus, particularly

for species in which paternal care is more common, flexibility in males’

testosterone responses across contexts may be especially adaptive.

van Anders et al. (2011) expanded upon the Challenge Hypothesis,

proposing the “Steroid/Peptide Theory of Social Bonds.” This theoretical

perspective accounts for distinctions among different kinds of parental

and sexual behavior and attempts to explain apparent inconsistencies in

prior studies linking seemingly similar behaviors with both low and high

testosterone. In this framework, parental behavior that is nurturant and

focused on the provision of care is hypothesized to be linked with relatively

low testosterone and/or decreases in testosterone; parental behavior in the

service of infant protection and defense is hypothesized to be linked with

relatively high testosterone and/or increases in testosterone (e.g., van

Anders, Tolman, & Volling, 2012). Similarly, sexual behavior that is cen-

tered around nurturance and emotional intimacy is thought to be more

closely tied to low testosterone; sexual behavior that is more explicitly erotic

and less nurturant should be more closely tied to high testosterone (Goldey,

Avery, & van Anders, 2014; Goldey & van Anders, 2011; van Anders,

Hamilton, Schmidt, & Watson, 2007). van Anders and colleagues also

extended their theorizing more explicitly to women, arguing that the

Challenge Hypothesis’ nearly exclusive focus on men limits our understand-

ing about how testosterone is implicated in women’s parenting and sexual

behavior (and more nurturant aspects of behavior more generally).

Research conducted in the decades since the Challenge Hypothesis was

originally formulated generally supports the distinction between contexts

and benefits associated with high versus low testosterone (Gray, Straftis,

Bird, McHale, & Zilioli, 2020; Wingfield et al., 2020): Outcomes associated

with competition, dominance, aggression, and attracting sexual partners

tend to be linked with relatively high levels of testosterone, and/or increases

in testosterone (e.g., Book, Starzyk, & Quinsey, 2001; Slatcher, Mehta, &

Josephs, 2011). Outcomes associated with caregiving, nurturance, and

pair-bonding tend to be linked with relatively low levels of testosterone,

and/or decreases in testosterone, (e.g., Edelstein et al., 2017, 2014; Kuo

et al., 2016). As women are increasingly included in this research, more
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recent findings also suggest many similarities in associations across sex or

gender. The following sections review this research, with a focus primarily

on findings with relevance for romantic and parent-child relationships.

3. Implications of testosterone for dominance,
competition, aggression, and sexuality

3.1 Social dominance, competition, and aggression
Despite diurnal declines, assessments of testosterone (and other hormones)

show fairly high rank-order stability over repeated assessments, particularly

when those assessments occur at the same time of day (e.g., Liening, Stanton,

Saini, & Schultheiss, 2010). Baseline or endogenous testosterone measures

are therefore considered somewhat “trait-like” (Sellers, Mehl, & Josephs,

2007), making it possible to assess correlations between testosterone and

other stable constructs, such as personality traits. In general, baseline testos-

terone has not been consistently associated with individual differences in

broad personality traits, such as the “Big Five” (i.e., neuroticism, extraver-

sion, openness to experience, agreeableness, and conscientiousness): A

recent meta-analysis of nearly 4,000 participants from 25 samples revealed

fairly weak and mostly nonsignificant associations between baseline salivary

testosterone levels and the Big Five personality traits, although there was

some evidence for small negative associations with conscientiousness

(Sundin et al., 2021).

Instead, higher baseline testosterone has been most consistently been

linked with somewhat narrower traits that are implicated in competition

and dominance, including higher self-reported competitiveness, need for

power, social dominance, and sensation- or novelty-seeking (e.g., Arnocky,

Albert, Carr!e, & Ortiz, 2018; Campbell et al., 2010; M€a€att€anen et al., 2013;

Perini, Ditzen, Hengartner, & Ehlert, 2012; Sellers et al., 2007; Stanton &

Schultheiss, 2009; Turan, Guo, Boggiano, & Bedgood, 2014). Participants

with higher baseline testosterone levels, and those whose testosterone has

been temporarily increased via pharmacological administration or experi-

mental manipulation, also show more risk-taking and competitive behavior

(e.g., Apicella, Dreber, & Mollerstrom, 2014; Goudriaan et al., 2010;

Kordsmeyer & Penke, 2019; Stanton, Liening, & Schultheiss, 2011;

Zilioli &Watson, 2014). Importantly, although women are much less likely

than men to be included in these studies, associations are often similar for

men and women when both are included in the same study (e.g., Sellers

et al., 2007; Stanton et al., 2011; Sundin et al., 2021).
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Engaging in competitive activities, such as sports or videogames, can also

increase testosterone in both men and women (Casto & Edwards, 2016;

Edwards & Casto, 2013). For instance, in a study of male and female

cross-country runners, both men and women showed pre- to post-race

increases in testosterone, and these increases were unrelated to the runners’

finish times (Casto, Elliott, & Edwards, 2014). In attempt to isolate the

effects of competition specifically from those involved in physical exertion

more generally, the “competition effect” has also been assessed in more

tightly controlled laboratory scenarios (e.g., using video games or compet-

itive puzzles). Findings from such studies suggest that competition that

does not involve physical exertion may nevertheless increase testosterone

in both men and women, regardless of the competition outcome (see

Casto & Edwards, 2016, for a review). Competition effects from laboratory

studies appear to be less consistent than those conducted in the field, how-

ever, and point to considerable variability in testosterone responses.

At least one source of variability in testosterone responses is the compe-

tition outcome: In many cases there is evidence for a “winner-loser effect,”

such that testosterone increases are often larger among winners compared

to losers, who in some cases show testosterone decreases (e.g., Casto &

Edwards, 2016; Geniole, Bird, Ruddick, & Carr!e, 2017; Jim!enez,
Aguilar, & Alvero-Cruz, 2012). In one study, for instance, men who

won a (rigged) videogame competition against another male participant

showed increases in testosterone following the competition compared to

men who lost the competition. Moreover, men who showed larger testos-

terone increases, regardless of whether they won or lost the competition,

performed better in a subsequent competitive activity (Zilioli & Watson,

2014), suggesting that increases in testosterone may feed forward to

influence competitive behavior.

Perceptions of ability and performance have also been associated with

testosterone levels and changes in testosterone: Female flag football players

showed a pre-to post-game increase in testosterone, regardless of whether

they won or lost; however, both winners and losers who felt more positively

about their performance showed higher testosterone across time points

and larger pre- to post-game increases in testosterone (Casto, Rivell, &

Edwards, 2017). Interestingly, findings from a recent meta-analysis suggest

that winner-loser effects also appear to be stronger for studies conducted in

the field (e.g., sporting events) versus the lab (e.g., playing videogames;

Geniole et al., 2017). Differences between lab and field studies suggest

not only that it may be more difficult to elicit winner-loser effects in the
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lab, but also that there are likely contextual factors influencing testosterone

reactivity that are not yet fully understood. Winner-loser effects also appear

to be more consistently observed among male versus female participants;

however, women are much less likely to be included in studies of compe-

tition than men (Carr!e & Olmstead, 2015).

Higher testosterone has also been linked with dominance and aggression

in romantic relationships specifically: In a sample of partnered men, those

with higher baseline testosterone reported more verbal and physical aggres-

sion directed toward their female partners (Soler, Vinayak, & Quadagno,

2000). Similarly, in a study of dating couples—one of the few to include

both men and women—Kaiser and Powers (2006) found that men with

higher baseline testosterone were more likely to report using physically

and psychologically aggressive strategies with their female partners during

conflict, but only when their partners also had relatively high testosterone

compared to other women in the sample. When higher testosterone men

were paired with lower testosterone women, they were less likely to engage

in physically aggressive behaviors. The authors argued that lower testoster-

one women may have been more effective in diffusing tension and conflict

in the relationship, perhaps contributing to higher testosterone men’s lower

aggression in this particular pairing. Effects were largely nonsignificant for

women’s behavior, although there was a trend suggesting similar patterns

for women’s physical aggression. Together, these findings suggest that con-

flict strategies may be at least somewhat dependent on the relative hormone

concentrations of each partner, and that women’s aggression may be less

closely tied than men’s to their or their partner’s testosterone levels. More

generally, these findings highlight the importance of considering the hor-

mone levels of both relationship partners when assessing interpersonal

outcomes.

3.2 Sexual attraction and behavior
3.2.1 Number of sexual partners
Sexual behavior, including the ability to attract sexual partners and the

extent of one’s sexual experience, has been associated with relatively high

levels of testosterone and increases in testosterone (Goldey & van Anders,

2015). For example, among heterosexually oriented young adults, a higher

number of (self-reported) lifetime sexual partners has been linked with

higher testosterone (e.g., Edelstein, Chopik, & Kean, 2011; Peters,

Simmons, & Rhodes, 2008; Puts et al., 2015); these associations have also

been observed among older men and women, who typically have
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significantly lower average levels of circulating testosterone than their youn-

ger counterparts (Pollet, van der Meij, Cobey, & Buunk, 2011). Although

my lab’s initial research on this topic revealed stronger links between

uncommitted sexual behavior among partnered young women compared

to men (Edelstein et al., 2011), associations between testosterone and num-

ber of sexual partners are often stronger among men versus women (e.g.,

Pollet et al., 2011). Both men and women in polyamorous relationships

(i.e., who have more than one sexual and/or romantic partner) also tend

to have higher levels of testosterone compared to those who are monoga-

mously partnered (van Anders, Hamilton, & Watson, 2007), suggesting

that opportunities for sexual experience may be facilitated by and/or lead

to testosterone increases.

What might account for links between higher testosterone and number

of sexual partners? In a study of male undergraduates, those with higher

baseline testosterone reported having had more “mating success,” which

was defined by a composite variable that included lifetime number of

short- and long-term sexual partners (Peters et al., 2008). Yet men’s testos-

terone was unrelated to observer ratings of masculinity or attractiveness,

suggesting that factors other than physical appearance may have contributed

to higher testosterone men’s success in the dating market. Although such

factors were not investigated in this particular study, other work suggests that

both men and women with higher testosterone display more interpersonal

confidence (Dabbs, Bernieri, Strong, Campo, &Milun, 2001), which could

be attractive to potential partners. Further, in a laboratory study, men with

higher baseline testosterone displayed more socially dominant behaviors

(e.g., assertiveness, taking control of an interaction with another male

participant), and female confederates reported “clicking” more with higher

than lower testosterone men (Slatcher et al., 2011). Interestingly, however,

neither men’s testosterone nor women’s reports of “clicking” with them

were related to independent ratings of men’s masculinity from facial photo-

graphs, again suggesting that something other than men’s physical appear-

ance likely drove these associations.

Other studies have linked changes in testosterone with behaviors that

may increase men’s attractiveness to potential dating partners: Roney,

Lukaszewski, and Simmons (2007) found that men showed testosterone

increases following relatively brief laboratory interactions with a female

confederate. The confederates also rated men’s behavior during the interac-

tion, and men who showed larger testosterone increases were rated as more

extraverted and as engaging in more self-disclosure during the interaction.
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Men who showed larger testosterone increases following a competitive task

against other men were similarly rated by female observers as smiling more,

making more eye contact, and showing more interest with a female confed-

erate in a subsequent interaction (van der Meij, Almela, Buunk, Fawcett, &

Salvador, 2011); any of these factors could have mademenmore attractive to

potential partners. Together, these findings also provide some evidence for

bidirectional links between testosterone and behavior: Interactions with

women raised men’s testosterone, and men who showed larger testosterone

increases behaved in ways that were more attractive to female confederates.1

Comparable studies have not yet been conducted to identify mechanisms

that might contribute to links between testosterone and women’s attrac-

tiveness to sexual partners, and further work is clearly needed to disentangle

causal mechanisms, but extant findings suggest that less tangible (but never-

theless perceivable) affiliative behaviors may contribute to links between

high testosterone and the ability to attract sexual partners (at least

among men).

3.2.2 Changes in testosterone in sexual contexts
Women’s testosterone responses to potential sexual partners, and sexual

stimuli more generally, have been much less extensively studied, but there

is some evidence to suggest that women also experience testosterone

changes in sexual contexts. For instance, single heterosexual women’s tes-

tosterone increased following a speed-dating session in which they had brief

interactions with male participants, but decreased in a control condition

involving interactions with female participants; male participants did not

show any significant changes in testosterone in either condition (van der

Meij et al., 2019). Given that men’s testosterone would be expected to

decline over the course of the session without any sort of intervention

(due to diurnal changes), van der Meij et al. suggested that the men in their

study may have perceived other male participants as competitors, and female

participants as potential sexual partners; either of these possibilities could

have contributed to similar testosterone responses in both conditions (i.e.,

no discernable changes from baseline). Testosterone changes were not

significantly associated with either men’s or women’s attractiveness to other

speed dating participants in this study. In another study, women’s testoster-

one increased after watching clips from a movie (“The Notebook”) in

1 Associations between men’s baseline testosterone and ratings of their behavior were not reported by

Roney et al. and were not statistically significant in the van der Meij study.
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which an attractive man attempts to “court” a young woman, but not in

response to other videoclips depicting an unattractive man or an attractive

women with no men present (Lopez, Hay, & Conklin, 2009). Together,

these findings suggest that women’s testosterone may be particularly sensi-

tive to context, that women’s testosterone increases might not necessarily

make them more attractive to potential partners, and that the circumstances

that elicit changes in women’s testosterone may differ from those that elicit

changes in men’s testosterone.

Indeed, in a series of studies, Goldey and van Anders (2011) found

that simply fantasizing about a pleasant sexual experience led to an increase

in women’s testosterone compared to thinking about other kinds of

non-sexual experiences (e.g., celebrating a work accomplishment with a

friend, a job interview, a routine interaction at the post office). Thinking

about sexual experiences did not change men’s testosterone levels compared

to the other conditions (Goldey & van Anders, 2012). However, consistent

with the idea that nurturance is associated with lower testosterone,

follow-up analyses revealed that men whose sexual fantasies included less

nurturant content showed larger increases in testosterone in the sexual con-

dition (Goldey et al., 2014); fantasy content was unrelated to hormone

changes among women. Together, these findings again point to potential

differences in contextual factors that may elicit testosterone changes in

men versus women, but also to the difficulty of comparing men’s and

women’s responses when they are not included in the same study or exposed

to the same experimental manipulations.

It is also important to note that the effects reported by Goldey and van

Anders (2011) and Lopez et al. (2009) were obtained only among naturally

cycling women; women using hormonal contraceptives, which typically

decrease women’s testosterone and often dampen testosterone responses

(Liening et al., 2010; van Anders, Goldey, & Bell, 2014), did not show tes-

tosterone changes as a function of the experimental manipulation in either

study. Given that a sizable percentage of partnered women use hormonal

methods of contraception at some point in their lives ( Jones, Mosher, &

Daniels, 2012), limiting research participation to naturally cycling women,

particularly when conducting studies with couples in committed relation-

ships, is likely to result in a particularly unrepresentative sample. Yet includ-

ing women on hormonal contraceptives may make it difficult to interpret

associations (or lack thereof ) between testosterone and other outcomes.

The issue of hormonal contraception is particularly thorny and ubiqui-

tous in the social neuroendocrinology literature, but it deserves further
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empirical attention with more highly powered samples. Sample sizes in these

kinds of studies tend to be fairly small to begin with, particularly when

women using hormonal contraceptives are excluded (e.g., approximately

60 naturally cycling women across conditions in Goldey & van Anders,

2011 and Lopez et al., 2009), and comparing naturally cycling women to

women taking hormonal contraceptives necessarily requires larger samples

andmore financial resources. Combined with the somewhat flawed assump-

tion that women’s testosterone shows large fluctuations across the menstrual

cycle, and that menstrual cycles are too complicated to account for statisti-

cally, concerns about hormonal contraception have in many cases contrib-

uted to the exclusion of women from hormone research altogether (van

Anders et al., 2014). Future research would benefit from more explicit

and deliberate comparisons between naturally cycling women and those

taking hormonal contraceptives.

3.2.3 Changes in testosterone following interactions with romantic
partners

Relatively few studies have examined the effects of interactions between

couple members on testosterone changes and the extent to which different

kinds of interactions may elicit different patterns of change. In one of the few

exceptions, Makhanova, McNulty, Eckel, Nikonova, and Maner (2018)

assessed testosterone in 50 newlywed couples before and after they partici-

pated in a conflict discussion. Given links between aggression, conflict, and

testosterone, this kind of interaction might be expected to lead to testoster-

one increases; however, on average, both men and women showed declines

in testosterone following the discussion, which the authors attributed to

diurnal changes. Men who perceived their partners to be more oppositional

during the conversation showed smaller declines, consistent with the idea

that interpersonal conflict may increase testosterone. However, without

any sort of comparison or control condition, it is difficult to determine

how the conflict per se may have affected participants’ hormone levels.

Similar declines in both men’s and women’s testosterone were observed

among 90 couples after discussing an emotional video (Peters, Hammond,

Reis, & Jamieson, 2016), but again without a comparison condition, the

effects of the emotional discussion per se are difficult to parse from those asso-

ciated with the passage of time. A critical next step for this area of research is to

compare the effects of different kinds of couple interactions (e.g., nurturant

versus competitive) on testosterone responses in both couple members.
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A recent study from my lab was designed to better understand whether

and how emotionally intimate discussions may lead to hormones change

in couples, and particularly whether such changes differ from those that

might be expected in less intimate contexts (Chin, Reese, Ascigil, Sim, &

Edelstein, 2021). Over 100 couples (the majority of whom were not mar-

ried) participated in one of two 30-min semi-structured discussions, based

on the “Fast Friends Task” developed by Aron, Melinat, Aron, and

Vallone (1997). In the high-closeness (i.e., “fast friends”) condition, couples

took turns asking and answering a series of questions designed to encourage

increasingly higher levels of self-disclosure and emotional intimacy (e.g.,

“When did you last cry in front of another person?”). The low-closeness

(i.e., “small talk”) condition was similar in structure and format, but the

questions were designed to elicit minimal self-disclosure or emotional

intimacy (e.g., “When did you last walk for an hour?”). In general, people

tend to report increases in closeness, passionate love, and relationship satis-

faction after engaging in the high- versus low-closeness discussion with their

partner (e.g., Stanton, Campbell, & Pink, 2017; Welker et al., 2014).

In contrast to the few existing studies of testosterone reactivity in cou-

ples, we found that testosterone increased among bothmen and women in the

high- versus low-closeness condition; there were no significant changes in

testosterone in the low-closeness condition (see Fig. 1). Further, participants

reported disclosing (marginally) more to their partners in the high- versus
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Fig. 1 Changes in testosterone following the fast-friends task. Testosterone changes
were significantly larger in the high- versus low closeness condition, b¼4.39,
P<0.001, and significantly different from zero only in the high-closeness condition,
t(104)¼2.83, P<0.01. Error bars represent standard errors of the mean. N¼105 couples
(Chin et al., 2021).
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low-closeness condition, and differences in disclosure mediated the effect of

condition on testosterone reactivity. Participants did not perceive the

high-closeness discussion to be more enjoyable or more positive, however,

and participants in both conditions were equally likely to say that they

would like to do the task again. Thus, something about disclosure per se

in the high-closeness condition appears to have contributed to testosterone

reactivity, over and above participants’ enjoyment of the task. Testosterone

may be elevated in the early stages of a romantic relationship (Farrelly,

Owens, Elliott, Walden, & Wetherell, 2015; Goldey, Conley, & van

Anders, 2018;Marazziti & Canale, 2004), which could be due to heightened

passion, sexual attraction, or excitement. Perhaps our manipulation of

closeness also increased these kinds of feelings, or reminded participants

of what initially attracted them to their partner, any of which could have

contributed to short-term increases in testosterone. As noted earlier, men

who showed testosterone increases following brief interactions with female

confederates were also rated as engaging in more self-disclosure with those

confederates (Roney et al., 2007). Moreover, Ketay, Welker, and Slatcher

(2017) found a pattern of testosterone reactivity suggesting testosterone

increases following the fast-friends task among unacquainted same-sex

dyads; however, their comparison condition was different in structure

and content than the small-talk task used in our study, making direct com-

parisons somewhat difficult. It is also not yet clear how unacquainted dyads

might experience these tasks differently from people in established relation-

ships, and how those differences might play out at the neuroendocrine level.

In future studies, we hope to further disentangle the mechanisms that con-

tribute to testosterone changes in couples by assessing potential mediating

constructs like passion, sexual attraction, and excitement more directly.

More generally, studies that explicitly manipulate nurturance versus sexual

attraction, competition, and/or dominance will be critical for teasing apart

whether and how these theoretically relevant contexts may affect testoster-

one responses in both men and women.

3.2.4 Sexual desire
Testosterone is often assumed to be positively, and directly, related to sexual

desire in both men and women (e.g., Jordan-Young & Karkazis, 2019).

This assumption is based largely on (1) observations that men typically

have higher circulating testosterone and report higher sexual desire com-

pared to women and (2) studies of men and women with clinically low

testosterone—or clinical conditions that affect testosterone and/or sexual
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desire—that suggest supplementation with exogenous testosterone can

increase sexual desire (e.g., Achilli et al., 2017; reviewed in Baumeister,

Catanese, & Vohs, 2001; Corona et al., 2014). Research with nonclinical

samples of healthy men and women reveals a much less consistent picture

(e.g., van Anders, 2012), however, and suggests that there may be value

in distinguishing between dyadic and solitary sexual desire. van Anders

(2013) argues that solitary sexual experiences, such as masturbation, are more

erotic than nurturant, and thus such experiences should be more closely tied

to high versus low testosterone; dyadic or partnered sexual experiences, in

contrast, typically involve more nurturance and intimacy, and thus should

be more closely tied to low versus high testosterone in this framework.

Consistent with these hypotheses, in nonclinical samples, desire for

solitary sexual experiences has (in some cases) been linked with higher base-

line testosterone, whereas desire for dyadic sexual experiences has beenmore

consistently linked with lower baseline testosterone (Raisanen et al., 2018;

Sim, Chopik, Wardecker, & Edelstein, 2020; van Anders, 2012). Rarely are

men and women (let alone couples) included in the same study; however,

across studies, links between testosterone and sexual desire are often stronger

among women than men (e.g., Sim et al., 2020; see van Anders, 2012). In

many cases, men’s baseline testosterone is unrelated to either solitary or

dyadic sexual desire (Raisanen et al., 2018; van Anders, 2012), although

in one study we found that desire for uncommitted sex was positively associ-

ated with baseline testosterone among undergraduate men but not women

(Edelstein et al., 2011).

Taken together, these findings suggest that, despite prevailing assump-

tions, differences in women’s sexual desire may be more closely tied than

men’s to differences in testosterone. Sex or gender differences in any domain

are likely driven as much (if not more) by context, experience, and culture as

biology; however, gender differences in sexual behavior may be especially

prone to social influences insofar as in most cultures women’s sexuality is

more heavily policed than men’s (Petersen & Hyde, 2010). As just one

example, women who engage in sexual activity outside of a committed rela-

tionship tend to be judged more harshly than men who engage in the same

behavior (e.g., Conley, Ziegler, & Moors, 2013). These judgements likely

contribute to the fairly large gender differences in self-reported desire for

uncommitted sexual experiences (e.g., Edelstein et al., 2011), and poten-

tially links between such desire and testosterone. Moreover, as with other

research in this area, it is difficult to discern gender differences and similar-

ities in findings when the vast majority of studies focus exclusively on men

or women.
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It also is particularly surprising that studies of sexual desire and behavior

overwhelmingly focus on individuals as opposed to couples, despite the

inherently dyadic nature of most sexual experiences and the centrality of

such experiences to romantic relationships. In one of the few dyadic studies

to date on this topic, we recently assessed changes in testosterone and sexual

desire in a sample of 29 first-time expectant couples (Sim et al., 2020). As

described in more detail in the following sections, expectant parents (both

mothers and fathers) typically show changes in testosterone throughout the

perinatal period (e.g., Berg &Wynne-Edwards, 2002; Edelstein et al., 2015;

Storey, Walsh, Quinton, & Wynne-Edwards, 2000). Many expectant and

new parents also experience declines in sexual desire, and particularly

dyadic desire, during this time (e.g., Von Sydow, Ullmeyer, & Happ,

2001), making it an especially interesting period in which to assess links

between testosterone and sexual desire. We found that, consistent with pre-

vious research, both men and women reported declines in dyadic but not

solitary desire throughout the prenatal period. Further, among expectant

mothers, prenatal testosterone was negatively correlated with dyadic sexual

desire, consistent with the idea that higher testosterone may impede more

nurturant sexual experiences. Among expectant fathers, however, testoster-

one was positively correlated with dyadic desire, such that men who showed

larger declines in testosterone throughout the prenatal period reported lower

dyadic sexual desire. One interpretation of these findings is that declines in

expectant fathers’ testosterone may help both to prepare men for fatherhood

and to orient them towards their partners. Indeed, Gettler, McDade,

Agustin, Feranil, and Kuzawa (2013) found that men who showed smaller

declines in testosterone after becoming fathers reported engaging in more

frequent sexual intercourse with their female partners compared to men

who showed larger declines.

Neither men’s nor women’s solitary desire was related to average levels

of testosterone or changes in testosterone in our study, and we did not

find any evidence for links between one partner’s testosterone and his or

her partners’ sexual desire; however, these kinds of “partner effects” tend

to be smaller in magnitude than “actor effects” (i.e., associations between

one’s own hormones and behavior), and it is likely that our sample was

not sufficiently powered to detect them. Nonetheless, our findings are con-

sistent with the idea that dyadic sexual desire may be more closely tied to

differences and changes in testosterone than solitary desire, and that men

and women may show different associations among these constructs.
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More generally, these and other findings complicate what has long been

assumed to be a straightforward association between testosterone and

sexual desire.

It is also worth noting the difficulty of discerning the direction of

causality for most hormone-behavior links, even with longitudinal designs;

constructs that are especially sensitive to social and cultural context, like

sexual desire, may be particularly challenging in this respect. Changes in

testosterone likely influence changes in desire (e.g., Sim et al., 2020), but

it is equally probable that changes in desire feed back to influence changes

in testosterone, and in reality most links are likely bidirectional. For instance,

sexual activity can increase testosterone in both men and women (van

Anders, Hamilton, Schmidt, & Watson, 2007), at least in the short term,

which could influence desire for subsequent sexual activity. Future research

would benefit from more comprehensive designs that include highly

powered samples of both men and women, and ideally couples, who are

studied over time to better understand how short- and long-term fluctua-

tions in testosterone influence and are influenced by fluctuations in sexual

desire.

4. Implications of testosterone for nurturance
and caregiving

As described above, behavior and outcomes in competitive, aggres-

sive, and sexual contexts have generally been linked with high(er) levels

of testosterone and increases in testosterone. Oftenmissing from this picture,

however, is the role that testosterone plays in caregiving and nurturant

relationships. In particular, because research on testosterone has been dom-

inated by a focus on “high testosterone” behaviors and outcomes, we know

considerably less about how close relationships may both promote and

benefit from lower levels of testosterone and/or declines in testosterones

over time. Moreover, and arguably relatedly, work in this area has dispro-

portionately centered on men’s experiences and perspectives (van Anders

et al., 2014, 2011); similar trends have long been evident in research with

non-human animals (Beery & Zucker, 2011). Even neuroendocrine

research on parenting tends to emphasize fatherhood, in contrast to most

psychological research on parenting, which tends to be much more

“mother-focused” (Cabrera, Volling, & Barr, 2018). In fact, although

women are increasingly included in research on testosterone, several recent
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reviews and meta-analysis of key outcomes and mechanisms (e.g., the

Challenge Hypothesis) focus exclusively on effects observed among men

(e.g., Grebe et al., 2019; Meijer et al., 2019).

This disproportionate emphasis on correlates of “high testosterone,”

primarily among men, also contributes to a critical disconnect between

the social neuroendocrinology and close relationship literatures. Close rela-

tionships researchers have long focused not only on negative processes such

as conflict, loneliness, and separation, but also on positive processes, such

as caregiving, social support, and communication (Finkel, Simpson, &

Eastwick, 2017). Indeed, these positive processes are often what make close

relationships particularly meaningful, beneficial, and rewarding (Reis &

Gable, 2003). Reflecting a trend in psychology more generally to under-

stand not only what causes psychological distress but also what allows people

to flourish, many close relationships researchers have increasingly encour-

aged greater focus on positive relationship processes (e.g., Reis & Gable,

2003; Warren & Donaldson, 2017). With some notable exceptions—such

as work on oxytocin (e.g., Algoe, Kurtz, & Grewen, 2017; Crockford,

Deschner, Ziegler, & Wittig, 2014), often coined the “love” or “cuddle”

hormone, and that on the potentially buffering effects of partner support

on physiological stress responses (see Pietromonaco & Collins, 2017;

Slatcher & Selcuk, 2017)—positive relationship processes have been largely

neglected in neuroendocrine research on close relationship processes.

The following sections focus on what we do know about the role of

testosterone in more nurturant aspects of close relationships, and the ways

in which ongoing relationships may both benefit from and contribute to

lower levels of testosterone.

4.1 Prosocial personality traits and behavior
Prosocial behavior, and personality traits that promote such behavior,

have been most consistently linked with lower baseline or endogenous tes-

tosterone. Men with lower baseline testosterone, for instance, report lower

attachment avoidance (i.e., greater comfort with closeness), disconnection

from others, and loneliness, but higher empathy (Harris, Rushton,

Hampson, & Jackson, 1996; Turan et al., 2014). Fewer relevant studies

include women, but in women, higher empathy and pro-social tendencies

such as nurturance and positive feelings toward children, have similarly been

linked with lower testosterone (Deady, Smith, Sharp, & Al-Dujaili, 2006;

Harris et al., 1996). Both men and women with lower testosterone may also
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be higher in perspective-taking and “empathic accuracy,” or the ability to

read others’ emotions (Ronay & Carney, 2013), which could contribute to

better interpersonal outcomes. In a similar vein, testosterone administration

has been shown to decrease trust, empathy, and generosity in both men and

women (e.g., Bos, Panksepp, Bluthe, & van Honk, 2012; Ou et al., 2021).

Experimental research further suggests that experiences that foster

or encourage nurturance tend to elicit declines in testosterone; however,

these kinds of experiences have been much less extensively studied than

those likely to elicit increases in testosterone (Zilioli & Bird, 2017). For

instance, in a sample of new and expectant parents, men showed decreases

in testosterone after listening to recorded infant cries; declines in testosterone

were strongest among men who reported more couvade or “pregnancy

symptoms” (e.g., weight gain, nausea) and those who reported a stronger

desire to comfort the infant (Storey et al., 2000). Women’s testosterone

was not measured in this study, but insofar as couvade symptoms reflect

identification with pregnant partners and/or investment in parenting

(e.g., Brennan, Ayers, Ahmed & Marshall-Lucette, 2007), these findings

suggest that men’s nurturant tendencies may have contributed to changes

in testosterone as a function of exposure to infant cries. van Anders et al.

(2012) further demonstrated that men’s testosterone responses to a crying

infant doll depended on the quality of their interactions with the doll:

Men who were given the opportunity to provide comfort to the doll

tended to show decreases in testosterone following the interaction, whereas

those who did not have this opportunity tended to show increases in testos-

terone, perhaps due to protective or defensive responses.

Much less is known about women’s testosterone reactivity in caregiving

situations and the implications of such reactivity for subsequent behavior;

however, in one study, women similarly showed declines in testosterone

after providing care to a crying (but unsoothable) infant doll (Voorthuis,

Bakermans-Kranenburg, & van IJzendoorn, 2017). More recently, in one

of the few studies to include both men and women, my colleagues and I

examined testosterone changes following a mildly stressful parent-infant

interaction, the Strange Situation (commonly used to assess parent-infant

attachment dynamics). In a sample of 300 parents, both mothers and fathers

showed pre- to post-interaction testosterone declines (Edelstein et al.,

2019), consistent with the idea that nurturant or caregiving behavior elicits

short-term changes in testosterone. Further, fathers who reported lower

attachment avoidance showed larger testosterone declines, again suggesting

that this interaction pulled for nurturant behavior (see Fig. 2). Mothers’
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testosterone reactivity did not vary as a function of attachment avoidance,

despite overall declines following the interaction; given that mothers

typically spend more time engaging in infant care than fathers, including

in this sample, the laboratory interactionmay have been less novel or stressful

for avoidant mothers versus fathers, which could have attenuated links

between avoidance and testosterone reactivity.

Of note, neither mothers nor fathers in this sample showed significant

changes in testosterone following a subsequent teaching task (Kuo et al.,

2016; Volling, unpublished data), suggesting that the changes we observed

cannot be attributed simply to the passage of time. Other studies similarly

demonstrate that playing or sitting with children in a non-stressful setting

does not elicit changes in parents’ (exclusively fathers in these studies) tes-

tosterone (e.g., Gettler, McDade, Agustin, & Kuzawa, 2011; Kuo et al.,

2018; Storey, Noseworthy, Delahunty, Halfyard, & McKay, 2011). Thus,

situations that pull more strongly for parental caregiving behavior, such as

the Strange Situation, might be necessary to elicit short-term changes in

testosterone. Further research is clearly needed to better understand the

contexts that elicit testosterone declines and the predictors of variability

in these responses, particularly among women. Given that nurturant versus

protective responses to infant distress appear to differentiate decreases

versus increases in testosterone, respectively, future research would also

likely benefit from more explicit assessments of these constructs and their

links with both baseline testosterone and testosterone reactivity.
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Fig. 2 Associations Between Fathers’ Avoidance and Changes in Testosterone
Following the Strange Situation Procedure. N¼150 (Edelstein et al., 2019).
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4.2 Partnering and parenting
Among the most consistent findings in the literature on testosterone in

close relationships is that people in committed romantic relationships, and

those who are parents, tend to have lower levels of testosterone than their

counterparts who are single and/or do not have children (e.g., Gettler &

Oka, 2016; van Anders & Goldey, 2010; see Edelstein & Chin, 2018;

Grebe et al., 2019; Meijer et al., 2019, for reviews). Differences in testoster-

one as a function of partnering and parenting are reliably observed among

both men and women (e.g., Barrett et al., 2013; Edelstein et al., 2011;

Gettler & Oka, 2016; van Anders & Goldey, 2010); however, fewer studies

include women, and rarely are both men and women included in the same

study, making direct comparisons difficult. As noted earlier, men and

women in polyamorous relationships—simultaneous emotional and/or

sexual relationships with multiple partners—typically have higher testoster-

one than those who are involved with only one partner (e.g., Alvergne,

Faurie, & Raymond, 2009; van Anders, Hamilton, & Watson, 2007),

suggesting that commitment to a single partner, rather than partnering or

sexual activity per se, may be a key determinant of differences in

testosterone.

The age of children in the home may also be important: In one study,

accounting for differences in marital status, women with children ages three

and younger had the lowest testosterone compared to women with older

children and those without children; testosterone levels did not differ

between the latter two groups of women (Barrett et al., 2013). Kuzawa,

Gettler, Huang, and McDade (2010) similarly found that differences in tes-

tosterone between Filipino mothers and non-mothers were most evident

when comparing women with children younger than two years old to

those without children. And in a sample of fathers in the Philippines, those

with younger children showed larger diurnal declines in testosterone

(reflecting lower overall testosterone output) compared to men with youn-

ger children (Rosenbaum, Gettler, McDade, Bechayda, & Kuzawa, 2018),

again suggesting lower testosterone in the presence of younger versus

older children. Together, these findings suggest that involvement in direct

care of dependent children may be a critical mechanism underlying

parenting-testosterone associations. Indeed, as discussed in more detail

below, men who are more involved in parental care are more likely to show

declines in testosterone associated with fatherhood (Gettler, McDade,

Feranil, & Kuzawa, 2011).

255Testosterone tradeoffs in close relationships



Partnering and parenting “effects” have been found among people

in many different cultures and geographic locations, such as women in

Norway (Barrett et al., 2013) and the Philippines (Kuzawa et al., 2010)

and men from a polygynous (i.e., having multiple wives) agricultural com-

munity in rural Senegal (Alvergne et al., 2009). Although there is certainly

some variability in these links across cultures, one takeaway from cross-

cultural research appears to be that testosterone varies as a function of

investment in one’s role as a partner and/or parent more so than as a

function of the cultural or societal labels applied to a particular relation-

ship (see Gettler, 2020, for a recent review). For instance, in cultures that

emphasize and value paternal involvement in childrearing, fathers are

more likely to have lower testosterone compared to men without children;

these differences tend to be less prominent (and may even be reversed) in

cultures in which men are less directly involved in parental care (e.g.,

Gettler, Lew-Levy, Sarma, Miegakanda, & Boyette, 2020; Muller,

Marlowe, Bugumba, & Ellison, 2009). Partnering and parenting effects also

appear to be fairly independent of potential confounds, such as age, body

mass index (BMI), and socioeconomic status (e.g., Alvergne et al., 2009;

Barrett et al., 2013); thus involvement in these relationships, as opposed

to changes that may co-occur with them, may be a key predictor of differ-

ences in testosterone. More generally, these findings suggest a commonality,

or even potential universality, of differences or changes in testosterone as a

function of partnering and parenting.

4.2.1 Longitudinal changes in testosterone and relationship status
Links between testosterone and partnering/parenting are generally assumed

to be causal, in that changes in one’s relationships are thought to lead to

changes in testosterone (and other hormones) over time. Yet the vast

majority of research on this topic is cross-sectional, making it difficult to

draw firm conclusions about causality. It is certainly possible that changes

in testosterone precede changes in relationship status, and many links are

likely bidirectional in that neuroendocrine and interpersonal processes feed

back to mutually influence one another (e.g., Mazur & Booth, 1998).

However, the few existing longitudinal studies on this topic generally sup-

port the idea that changes in partnering and parenting in fact precede

changes in hormones (e.g., Das & Sawin, 2016; Edelstein et al., 2015;

Gettler, McDade, Feranil, & Kuzawa, 2011; but see Goldey et al., 2018;

van Anders & Watson, 2006). For example, in a large study of over 4,000
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United States Army veterans, menwhowere married had significantly lower

serum testosterone levels than those who had never been married, and both

married and never married men had lower testosterone that men who were

currently divorced (Mazur, 2014). Longitudinal analyses in this sample fur-

ther revealed that, controlling for age, men who divorced showed increases

in testosterone in the years surrounding divorce; men who became or

remained married showed decreases in testosterone during this time

(Mazur & Michalek, 1998).

Another ten-year longitudinal study of over 1,000 Danish men (ages

30–60 at the initial assessment) similarly demonstrated that, on average,

men’s serum testosterone declined with age, a common phenomenon

among both men and women (e.g., Fabbri et al., 2016; Liu et al., 2007);

however, men who became partnered during the study showed a larger

decline compared to those who became unpartnered (Holmboe et al.,

2017). Moreover, there was relatively little support for the reverse causal

pathway, in that men’s testosterone levels at the beginning of the study

did not predict changes in their partnered status over the next 10 years.

These findings held after controlling for BMI, smoking, and physical

activity, suggesting that changes in relationship status may moderate norma-

tive age-related declines in testosterone over and above other relevant

demographic variables. Taken together, these studies provide compelling

evidence for causal links between changes in relationship status and changes

in testosterone, at least among men.

Comparably large-scale studies of changes in women’s testosterone and

relationship status have not yet been conducted; however, two smaller

studies that included women (Ns¼78 and 28, respectively) found some evi-

dence for bidirectional pathways from testosterone to relationship status:

College-aged and young adult women with lower testosterone were more

likely to become partnered over the course of these studies, approximately

8 months after the initial assessment (Goldey et al., 2018; van Anders &

Watson, 2006). In one sample, women who transitioned from single to

partnered showed small increases in testosterone during the initial phases

of their relationship; those who remained single also showed higher testos-

terone compared to those who remained committed (Goldey et al., 2018).

Cross-sectional studies provide some converging evidence that men’s and

women’s testosterone may be higher during the initial compared to later

stages of a relationship (Farrelly et al., 2015; Marazziti & Canale, 2004).

Together, these findings provide intriguing evidence for bidirectional

links between testosterone and relationship status, at least in women;
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however, it is important to note that, in both samples, there was relatively

little change in relationship status over the course of the (relatively short-

term) study, making it difficult to fully assess the extent to which changes

in partnering were associated with changes in testosterone. Further research

with highly powered samples and over longer time periods would be helpful

to better understand whether and how changes in relationship status are

linked with changes in testosterone, particularly among women.

4.2.2 Longitudinal changes in testosterone and parental status
The limited longitudinal research on the neuroendocrinology of parenthood

similarly suggests that hormones, including testosterone, change in response

to (rather than precede) the process of becoming a parent. For instance, in

one longitudinal study, a representative sample of over 600 men in Cebu

City, Philippines was followed over a four-year period as men experienced

transitions in partnering and parenthood (Gettler, McDade, Feranil, &

Kuzawa, 2011).Menwho became partnered fathers during this time showed

larger declines in testosterone compared to single men who did not have

children; however, the relatively small percentage of men who became

partnered but did not have children had testosterone levels similar to men

who remained unpartnered. These findings suggest that parenting per se

may be a particularly critical mechanism driving testosterone changes

over time. Moreover, testosterone declines were most pronounced among

fathers who were more directly involved in infant care, again suggesting

that caregiving specifically may contribute to testosterone changes, above

and beyond partnering more generally or hormone changes associated

with aging.

In a more recent but smaller longitudinal study of first-time parents in the

United States (N ¼58), we found evidence that changes in fathers’ testos-

terone may begin even before babies are born: Couples were followed from

the first through the third trimester of pregnancy, and expectant fathers

showed small but reliable declines in salivary testosterone from the begin-

ning through the end of the prenatal period (Edelstein et al., 2015). That

these changes were detectable this early among expectant fathers suggests

that they may be driven by something other than the physical presence of

an infant—perhaps the experience of preparing for a baby or increased com-

mitment to their partner or parental role. Surprisingly little attention has

been paid to predictors of change in fathers’ testosterone, particularly during

the prenatal period, but it would be reasonable to hypothesize that changes
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in psychological variables, such as one’s identity as a (soon-to-be-) parent or

investment in the family, would predict declines in men’s testosterone

throughout the transition to parenthood.

Of note, expectant mothers in this and other longitudinal studies show

fairly large increases in salivary testosterone throughout the prenatal period

(e.g., Edelstein et al., 2015; Fleming, Ruble, Krieger, & Wong, 1997).

These changes appear to be independent of the sex of the fetus (at least

when testosterone is assessed via saliva; Voegtline, Costigan, Kivlighan,

Henderson, & DiPietro, 2013). Prenatal increases in maternal testosterone

are thought to support fetal development, maintain the pregnancy, and

generally prepare women to become mothers (e.g., by increasing focus

on infant defense and protection; Fleming et al., 1997; Makieva,

Saunders, & Norman, 2014). Prenatal testosterone levels that are too high

have been linked with adverse birth outcomes such as shorter gestational

periods and low birthweight (e.g., Carlsen, Jacobsen, & Romundstad,

2006; Schonblum et al., 2018; Voegtline et al., 2013), however, suggesting

that there may be an optimal level of testosterone during this period.

Further, after delivery, new mothers’ testosterone levels decline fairly

quickly back to pre-pregnancy levels (Fleming et al., 1997), and the

cross-sectional comparisons described above indicate that mothers have

lower baseline testosterone compared to women without children. Thus,

the shorter-term testosterone increases observed during pregnancy may

not extend into the postpartum, and may in fact reverse as a function of

motherhood.

4.3 Implications of individual differences in testosterone
for established relationships

4.3.1 Romantic relationships
As described above, differences in testosterone as a function of partnering

and parenting have been fairly well documented; these differences have been

found among both men and women and in a variety of cultural contexts.

Although limited, some evidence suggests that changes in relationships pre-

cede changes in testosterone (e.g., Holmboe et al., 2017;Mazur &Michalek,

1998), but also that changes in testosterone may feed back to influence

close relationships (e.g., Goldey et al., 2018). These findings cannot speak

directly to the adaptive benefit of any changes in testosterone, however, or

to the mechanisms that may support testosterone-relationship links.

From an evolutionary perspective, testosterone production is metabolically

costly, and “high testosterone” behaviors such as aggression, competition,
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and extradyadic sexual activity can interfere with engagement in more

nurturant behaviors, such as caring for offspring and maintaining ongoing

intimate relationships (van Anders et al., 2011; Wingfield et al., 2020).

Thus, insofar as differences or changes in testosterone associated with par-

tnering and parenting are evolutionarily adaptive, they should be associated

with measurable benefits in close relationship contexts (Roney & Gettler,

2015; Wardecker, Smith, Edelstein, & Loving, 2015).

Indeed, correlational research demonstrates not only that people who are

partnered and/or parents have lower testosterone than those who are

not partnered or do not have children, but also that, among those who

are partnered and/or parents, lower testosterone is associated with better

relationship functioning (e.g., Denes, Afifi, & Granger, 2017; Edelstein

et al., 2014; see Meijer et al., 2019, for review). For instance, among par-

tnered men and women, lower testosterone is associated with higher

self-reported relationship quality, including greater investment in and com-

mitment to romantic partners (e.g., Edelstein et al., 2014; Gettler et al.,

2020; Gray et al., 2017). Partnered men with lower testosterone also report

less interest in extradyadic sexual activity (Edelstein et al., 2011; Farrelly

et al., 2015; McIntyre et al., 2006); partnered women with lower testoster-

one report lower levels of (prior) uncommitted sexual activity, and

sensation-seeking (Costa, Correia, & Oliveira, 2015; Edelstein et al.,

2011), individual differences that could promote interest in alternative

romantic or sexual partners (Penke & Asendorpf, 2008). Finally, as described

earlier, partnered men with lower testosterone report directing less aggres-

sion and violence toward their female partners (e.g., Kaiser & Powers, 2006;

Soler et al., 2000).

Lower testosterone individuals may also perceive their partners’ behavior

more positively: In a laboratory study of 50 couples, women with lower

testosterone reported that their partners were more accommodating during

a conflict discussion, and they were more satisfied with how that conversa-

tion went. Perceived accommodation mediated the association between

women’s testosterone and satisfaction with the conversation (Dhillon

et al., 2020), suggesting that women with lower testosterone may have been

more charitable in their interpretations of their partner’s behavior or that

their partners may have engaged in more effective conflict management

strategies. There were no significant associations betweenmen’s testosterone

and their perceptions of the conversation or satisfaction with it in this study.

Of course, partners of lower testosterone women in the Dhillon et al.

(2020) study may have actually been more accommodating; men’s behavior

260 Robin S. Edelstein



was not assessed but could also have contributed to women’s satisfaction

with the conflict discussion. Indeed, the few studies that include both couple

members reveal that the benefits of low(er) testosterone may also extend to

partners: In an initial study, we found that men and women reported higher

relationship satisfaction and commitment not only when they themselves

had lower testosterone, but also when their partners had lower testosterone

(Edelstein et al., 2014; see Fig. 3A and B). As discussed in more detail later,

testosterone levels also tend to be correlated within couples (e.g.,

Rodriguez, Granger, & Leerkes, 2021; Saxbe, Edelstein, et al., 2017), which
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could reflect assortative mating (i.e., people are attracted to those with sim-

ilar testosterone levels) or correlated changes in testosterone over time.

Thus, insofar as individuals with relatively low testosterone also tend to

have partners with relatively low testosterone, the benefits to relationship

functioning may be additive.

Along these lines, in a sample of first-time parents, women whose part-

ners had lower testosterone (assessed at 6–9 months postpartum) reported

higher relationship satisfaction, less intimate aggression, and fewer depres-

sive symptoms at subsequent follow-up assessments (Saxbe, Schetter,

Simon, Adam, & Shalowitz, 2017). Moreover, the association between

men’s testosterone and women’s depressive symptoms was mediated by

women’s relationship satisfaction, suggesting that testosterone may have

had more proximal influences on women’s perceptions of their relation-

ships, which then contributed to their overall well-being and mental

health. Because testosterone was only assessed at one point in time, and only

among men, these data cannot speak to the direction of causality in these

associations or to the role of women’s testosterone. Yet they provide con-

verging evidence that an individual’s testosterone has implications not only

for their own relationship outcomes, but also those of their partner.

As with research on partnering and parenting status per se, most studies of

links between hormones and relationship outcomes are cross-sectional,

making it difficult to infer causality. In one notable exception, relationship

quality and testosterone were assessed longitudinally in a representative sam-

ple of over 1,200 older Americans (average age of 67 at the first assessment;

Das & Sawin, 2016). Among men, higher testosterone at the first assessment

predicted lower relationship quality at the second assessment five years later,

but relationship quality at the first assessment was not significantly associated

with testosterone at the second assessment, suggesting that changes in testos-

terone may have led to changes in men’s relationship quality. In contrast,

women’s testosterone at the first assessment was not significantly associated

with relationship quality at the second assessment, but there was a trend

suggesting that relationship quality at the first assessment predicted testoster-

one at the second assessment. These findings provide some evidence that

changes in testosterone precede changes in relationship outcomes, at least

in men, and for potentially different causal pathways for men versus women.

However, data from men and women were analyzed separately, so it is not

entirely clear whether the pattern of findings in fact differs significantly by

gender. It is also unclear whether these results might generalize to younger

populations, particularly given that both men’s and women’s testosterone
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levels generally decline with age (e.g., Fabbri et al., 2016; Liu et al., 2007).

Further research that includes repeated assessments of both testosterone and

relationship quality over time, and direct comparisons between findings for

men and women, would go a long way towards addressing questions about

causality in this literature.

4.3.2 Parent-child relationships
Lower testosterone has also been consistently linked with better parenting

outcomes among both mothers and fathers, including greater involvement

in childcare and more responsive behavior toward children, particularly in

stressful contexts (e.g., Edelstein et al., 2017; Kuo et al., 2018). For instance,

in a sample of first-time parents, assessedwhen their childrenwere 18months

old, mothers and fathers with lower baseline testosterone self-reported

better ability to tolerate frustration (Rodriguez et al., 2021). Fathers with

lower testosterone also scored lower on measures associated with risk for

abusive parenting and were rated by trained observers as engaging in

more positive and less negative parenting behaviors during a structured lab-

oratory interaction; there were no significant associations between mothers’

testosterone at 18 months and their observed parenting behavior. Kuo et al.

(2018) similarly found that new fathers who had lower testosterone on the

day after their babies were born reported more involvement with childcare

several months later.

Our study of expectant couples provides additional evidence for pro-

spective links between prenatal hormones and postpartum outcomes, as

well as for the dyadic implications of these links: At three months postpar-

tum, fathers who had shown larger prenatal declines in testosterone reported

that they provided more infant care and that they were more satisfied with,

committed to, and invested in their romantic relationships (Edelstein et al.,

2017; Saxbe, Edelstein, et al., 2017; see Fig. 4, Panel A). Their female

partners corroborated these reports, indicating that they received more post-

partum support and assistance with household tasks from fathers who

showed larger prenatal declines in testosterone. In a similar vein, despite nor-

mative prenatal increases in testosterone, expectant mothers who showed

smaller testosterone increases were rated by their male partners as providing

more postpartum parenting support (Edelstein et al., 2017).

We observed many similar associations in one of the rare studies to

include sexual minority participants (Chin et al., 2020): In a longitudinal

sample of 25 lesbian couples expecting their first child, pregnant women

showed fairly large increases in testosterone, as expected, throughout the
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prenatal period. There were no significant changes in their female partners’

testosterone levels during this time; however, for both partners, lower

testosterone was generally associated with more positive relationship and

parenting outcomes at 3 months postpartum. Birth mothers with lower tes-

tosterone throughout the prenatal period reported doing more infant care,

feeling more parenting self-efficacy, and engaging in less hostile parenting

behavior; non-birth mothers with lower testosterone reported providing

more postpartum support to their partner. For both partners, lower testos-

terone prenatally was associated with greater postpartum relationship
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commitment; for non-birth mothers, lower testosterone was also associated

with greater postpartum investment and satisfaction. Birth mothers whose

partners had lower testosterone also reported greater commitment.

Taken together, these findings provide support for the idea that

lower testosterone may be functional in helping people prepare for parent-

hood by reducing aggression toward infants, facilitating parent-infant

attachment, and maintaining the bond between parents (Zilioli & Bird,

2017). Our findings also suggest potentially important dyadic effects, such

that testosterone matters not only for one’s own parenting but also for that

of one’s partner. Moreover, the findings of Chin et al. (2020) provide

much-needed data on hormones and hormone changes in sexual minority

populations, suggesting many similarities in links between testosterone and

relationship outcomes for lesbian and heterosexual couples. One potentially

important difference between our two samples (and compared to samples of

heterosexual couples more generally) is that nonbirth mothers in our study

did not show significant changes in testosterone during the prenatal period.

The relatively small and homogenous nature of our sample could have made

it more difficult for us to detect prenatal testosterone changes among

non-birth mothers, particularly given that (nonexpectant) women have rel-

atively low levels of testosterone to begin with. Moreover, because we did

not assess new parents’ hormones postpartum, we do not yet know whether

nonbirth mothers may have shown postpartum declines in testosterone, as is

typically found among both new fathers and birth mothers. It is also possible

that our initial prenatal assessment, which typically occurred during the

first trimester, failed to detect testosterone changes that could have occurred

during the very early stages of pregnancy in nonbirth mothers. Given the

dearth of data on sexual minority couples, and the fact that there are no a

priori reasons to expect that non-birth mothers would show different pat-

terns of hormone changes compared to new and expectant fathers, further

research on this topic, with larger and more diverse samples of sexual minor-

ity participants, is critically needed.

Longitudinal data also suggest, however, that testosterone levels may

“rebound” as children get older, at least among fathers: In a study of over

200 new fathers, postpartum testosterone declined from pre- to postpartum,

but then appeared to return to prenatal levels by about 10 months postpar-

tum (Corpuz & Bugental, 2020). Moreover, new fathers whose testosterone

levels rebounded more slowly reported spending (marginally) more time

with their infants (Corpuz, D’Alessandro, & Collom, 2021), again consistent

with the idea that lower testosterone and declines in testosterone facilitate
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infant care. Mothers’ testosterone was not assessed in this study, and similar

models have not yet been applied to changes in new mothers’ hormones;

however, as described earlier, cross-sectional data suggest that women

with older children have higher testosterone than those with younger chil-

dren, suggesting that their testosterone may similarly rebound as children

get older.

It is also noteworthy that fathers whose testosterone rebounded more

slowly in the Corpuz et al. (2021) study were rated by observers as providing

lower quality care during a laboratory interaction. These findings may be sur-

prisingly in light of fairly consistent negative associations between testoster-

one and parental responsiveness; however, the interaction task used in this

study was designed to elicit fear in the infants (by presenting visitors wearing

a series of potentially aversive masks). The authors argue that the rebound in

testosterone may impede more direct forms of care, as indexed by

self-reported time spent with the infant, but facilitate more indirect forms

of care, such as those indexed by the laboratory task. Insofar as testosterone

increases as a function of infant protection (Wynne-Edwards & Reburn,

2000) and unsuccessful attempts to soothe a distressed infant (van Anders

et al., 2012), it is also possible that fathers’ responses to this particular (aver-

sive) laboratory task were more closely tied to protection as opposed to care-

giving. This explanation is consistent with van Anders et al. (2011) proposal

that not all parenting behavior should be linked with lower testosterone,

only that which involves nurturant caregiving.

4.4 Synchrony in hormone levels and responses
Studies that include both partners can shed light not only on dyadic or part-

ner effects, but also on hormonal coordination or synchrony between

partners, which may have implications for relationship outcomes

(Timmons, Margolin, & Saxbe, 2015). For instance, couples often show

reliable between-partner correlations in cortisol, one of the body’s major

stress hormones, and couples whose cortisol levels are more strongly corre-

lated tend to report poorer relationship quality and less optimal relationship

functioning (e.g., Braren, Brandes-Aitken, Ribner, Perry, & Blair, 2020;

Schneiderman, Kanat-Maymon, Zagoory-Sharon, & Feldman, 2014).

These findings suggest that cortisol covariation might be an indicator of

greater relationship stress; people whose cortisol levels are more closely

tied to their partner’s might also be more impacted by their partner’s expe-

riences of stress and/or have more difficulty coping with stressful experi-

ences (e.g., Khaled et al., 2021).
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Much less is known about synchrony in other hormones, but as

described above, there is some evidence for within-couple correlations in

testosterone (e.g., Booth, Johnson, & Granger, 2005; Rodriguez et al.,

2021). In our longitudinal sample of expectant parents, for instance, we

found that average levels of testosterone were positively correlated within

couples throughout the prenatal period (Saxbe, Edelstein, et al., 2017).

These correlations were evident by the second prenatal assessment (approx-

imately week 20 of gestation), but increased in magnitude throughout the

pregnancy and were statistically significant only at the last assessment

(approximately week 36 of gestation; Edelstein et al., 2015). These findings,

although preliminary and based on a relatively small sample of couples,

suggest that the strength of coordination in testosterone may have

increased over time2. Because there are currently no other published data

on within-couple synchrony in testosterone, it is not yet clear whether

couples simply show increased coordination over time or whether these

findings are specific to a major life event like the transition to parenthood.

Moreover, in our study, the magnitude of within-couple correlations

in testosterone predicted fathers’ postpartum relationship outcomes: Men

who showed stronger prenatal correlations in testosterone with their female

partners reported higher relationship satisfaction, commitment, and invest-

ment at three months postpartum (Saxbe, Edelstein, et al., 2017; see Fig. 4,

Panel B). These findings were specific to testosterone; in our sample,

within-couple synchrony in other hormones (i.e., cortisol, estradiol, and

progesterone) did not predict fathers’ postpartum relationship quality.

Further, prenatal relationship quality did not predict within-couple correla-

tions in testosterone, suggesting that coordination in testosterone may pre-

cede rather than stem from individual differences in relationship quality.

Of course, any null effects should be interpreted cautiously given our rela-

tively small and homogenous sample; however, taken together, our findings

suggest that within-dyad covariation in testosterone (unlike cortisol) may

reflect or predict positive relationship processes, perhaps due to links

between testosterone and nurturance or caregiving (van Anders et al.,

2011). Given the dearth of work on this topic, further research is warranted

to better understand the extent of within-dyad coordination of testoster-

one across relationship types and contexts, and the implications of such

coordination for parenting and romantic relationship outcomes.

2 In our sample of lesbian couples, within-couple correlations in testosteronewere positive, and largest in

magnitude at the last prenatal assessment, but were not significantly significant (Chin et al., 2020).
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5. Open questions and future directions

The research reviewed here is generally consistent with the idea of tes-

tosterone trade-offs, in that contexts that require or pull for competition,

dominance, and/or the acquisition of sexual partners tend to be associated

with relatively high levels of testosterone and increases in testosterone; con-

texts that require or pull for nurturance and/or caregiving are generally asso-

ciated with relatively low levels of testosterone and decreases in testosterone.

For instance, both men and women with higher testosterone report having

hadmore lifetime sexual partners; they are also more likely to show affiliative

behaviors (e.g., smiling, eye contact, self-confidence) during interactions

with potential partners, which could contribute to their ability to attract

those partners. Interactions with potential partners, or in some cases thinking

about such interactions, can also lead to testosterone increases. The effects

of interactions with current romantic partners have been less extensively

studied, but there is evidence for both testosterone increases and decreases

following such interactions.

Benefits in the context of ongoing nurturant relationships, in contrast,

have been more consistently linked with lower testosterone and decreases

in testosterone: Both men and women who are partnered and/or parents

generally have lower testosterone than their single counterparts and com-

pared to people without children. Among those in already established rela-

tionships, lower testosterone has been associated with better outcomes in

both romantic and parent-child domains. These positive associations also

appear to extend to partners, such that both men and women whose partners

have lower testosterone also report higher relationship quality and better

parenting outcomes. And preliminary evidence suggests that coordination

or synchrony in testosterone may be associated with higher relationship

quality, at least among men. Extant longitudinal data generally point to

changes in relationships preceding changes in testosterone, with some evi-

dence for bidirectional links between testosterone and relationship out-

comes (particularly among women).

To move this area of inquiry forward, additional longitudinal and exper-

imental research is critically needed to better understand causal links

between testosterone and relationship outcomes. For better or worse,

many of the questions most central to close relationship processes—what

drives relationship transitions, why some relationships persist while

others do not, to name just a few—are not particularly amenable to
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random assignment or experimental manipulation, particularly in humans.

However, research on testosterone and social behavior more generally

has benefitted from experimental approaches that temporarily increase tes-

tosterone via pharmacological administration, and many effects obtained

with this approach are consistent with those observed in correlational

studies (e.g., Bos et al., 2012). For instance, administration of testosterone

has been shown to reduce markers of empathy in women (Hermans,

Putman, & van Honk, 2006) and perceptions of dominance in men

(Welling, Moreau, Bird, Hansen, & Carr!e, 2016). Further, in a sample of

young women without children, Bos et al. (2021) recently found that

testosterone administration increased emotional reactivity to photographs

depicting distressed infants; this effect was particularly strong among women

who reported more protective tendencies. Although preliminary, these

findings are consistent with the Steroid/Peptide Theory of Social Bonds

(van Anders et al., 2011) in suggesting that contexts that elicit infant protec-

tion (as opposed to nurturance) may be facilitated by experimentally induced

increases in testosterone.

As noted by Carr!e and Robinson (2020), however, very few pharmaco-

logical administration studies include both men and women, making it

difficult to assess sex or gender differences in the effects of exogenous

testosterone on behavior. Perhaps more importantly, it remains unclear

whether effects obtained in pharmacological administrations studies are gen-

eralizable to those observed in correlational studies of naturally occurring

differences in testosterone. Research on aggression, for instance, suggests

that associations may be stronger when testosterone is measured endoge-

nously as opposed to experimentally manipulated (Geniole et al., 2020).

In other studies, effects of pharmacological administration appear to be in

the opposite direction of those obtained for endogenous testosterone

(e.g., Brannon, Carr, Jin, Josephs, & Gawronski, 2019). Moreover, several

highly powered studies have failed to find evidence for the effects of exog-

enous testosterone on theoretically relevant outcomes, such as empathy

(Nadler et al., 2019) and economic risk-taking (Stanton, Welker, Bonin,

Goldfarb, & Carr!e, 2021). Additional work with highly powered

pre-registered studies is clearly necessary to assess the reliability of any effects

of experimentally induced testosterone as well as links between naturally

occurring testosterone and relationship outcomes.

Future studies would also benefit from the collection of larger samples

that are sufficiently powered to detect both sex or gender differences

and partner effects. The findings reviewed here point to some potentially
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important gender differences in links between testosterone and relationship

outcomes. For instance, women’s testosterone may be more closely tied to

sexual desire than men’s, and men’s testosterone may be more closely tied

to interpersonal aggression than women’s. Many studies also document

partner effects in associations between testosterone and relationship out-

comes. Yet very few studies include both men and women, and those

that do often analyze data separately by sex or gender, making it nearly

impossible to empirically assess sex or gender differences and/or partner

effects. Given the necessarily interdependent nature of close relationships,

this information is critical for a complete understanding of the social neuro-

endocrinology of close relationship processes.

The inclusion of women taking hormonal contraceptives is another

potentially important concern for future research. Hormonal contraceptives

typically lower women’s testosterone, and in many cases blunt women’s

testosterone responses; yet a sizable number of women (particularly those

in committed relationships) have used some form of hormonal contra-

ceptives at some point in their lives. There are currently no systematic assess-

ments of the effects of women’s hormonal contraceptive use on links

between women’s testosterone and relationship outcomes, however, and

excluding women taking hormonal contraceptives altogether may have

unintended negative consequences for generalizability. Future research

would benefit from a more explicit and comprehensive examination of

whether and how women’s contraceptive use is associated with their

own and their partners’ relationship outcomes, including short- and

longer-term changes in testosterone.

In addition, despite growing recognition of the importance of diversity

in many areas of psychology, research on testosterone, and social neuroen-

docrinology more generally, has long been dominated by a focus on

Western, cisgender, heterosexually oriented participants (DuBois, Gibb,

Juster, & Powers, 2021; van Anders et al., 2014). Greater attention to diver-

sity in gender, sexual, and racial/ethnic identity would go a long way toward

increasing representation and inclusivity in social neuroendocrinology

research. Capitalizing on these and other kinds of diversity (e.g., in socio-

economic status) would also allow for novel tests of critical components

of major theories and allow researchers to more fully assess the generalizabil-

ity of their theories and findings.

Finally, in the vast majority of work reviewed here, testosterone levels

were assessed via immunoassays of salivary measures. Salivary measures have

long been used in research with humans, in part because they are generally
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less invasive and less expensive to collect compared to other bodily

substances, such as blood or urine (Mazur, 2018; Schultheiss, Dlugash, &

Mehta, 2018); however, salivary immunoassays may be more prone to

measurement error than other techniques, particularly at lower concentra-

tions. This is of particular concern for assessments of testosterone in women,

who tend to have low levels of baseline testosterone compared to men (e.g.,

Miller, Plessow, Rauh, Gr€oschl, & Kirschbaum, 2013; Welker et al., 2016).

Other techniques, such as mass spectrometry, are thus likely to become pre-

ferred assessment tool over immunoassays in the near future (Schultheiss

et al., 2018).

6. Conclusions

Close relationships are an important source of support, pleasure, and

companionship across the lifespan. Psychological research on close relation-

ships has long focused on positive relationship processes, such as caregiving

and social support, in an effort to understand what makes these relationships

especially meaningful and rewarding. In contrast, neuroendocrine research,

particularly that involving testosterone, has tended to focus on more

negative aspects of close relationships, such as conflict and aggression.

This work has also tended to be centered around the experiences of men

and fathers, as opposed to women and mothers, and too infrequently

includes dyads or couples.

Moving forward, research on the social neuroendocrinology of close

relationships would benefit from greater focus on more positive and nurtur-

ant aspects of close relationships, including contexts that, from a theoretical

perspective, should elicit testosterone decreases as well as increases. Work

with couples and dyads is also critical to better understand how testosterone

contributes to and is influenced by ongoing relationships. And more explicit

measures of theoretically relevant constructs, like sexual attraction and nur-

turance, will likely help to disentangle the mechanisms that contribute to

different patterns of testosterone reactivity in both individuals and couples.

Finally, although hormones such as testosterone show fairly high rank-order

stability, they nevertheless can and do change over time (e.g., following rela-

tionship transitions) and across situations (e.g., following discussions with

romantic partners). Additional longitudinal and experimental data will be

crucial for beginning to disentangle causal links between testosterone

(and other hormones) and close relationship processes.
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