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Abstract

Decades of research in behavioral endocrinology has implicated the gonadal hormone
testosterone in the regulation of mating effort, often expressed in primates in the form of aggressive
and/or status-striving behavior. Based on the idea that neuroendocrine axes influence each other,
recent work among humans has proposed that links between testosterone and indices of status-
striving are rendered conditional by the effects of glucocorticoids. The Dual Hormone hypothesis is
one particular instance of this argument, predicting that cortisol blocks the effects of testosterone on
dominance, aggression, and risk-taking in humans. Support for the Dual Hormone Hypothesis is
wide-ranging, but considerations of theoretical ambiguity, null findings, and low statistical power
pose problems for interpreting the published literature. Here, we contribute to the development of
the Dual Hormone hypothesis by (1) critically reviewing the extant literature—including p-curve
analyses of published findings; and, (2) “opening the file drawer”” and examining relationships
between testosterone, cortisol, and status-striving personality features in seven previously published
studies from our laboratories (total N = 718; median IN per feature = 318) that examined unrelated
predictions. Results from p-curve suggest that published studies have only 16% power to detect
effects, while our own data show no robust interactions between testosterone and cortisol in
predicting status-striving personality features. We discuss the implications of these results for the
Dual Hormone hypothesis, limitations of our analyses, and the development of future research.
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1. Introduction

Testosterone (T) is a gonadal hormone crucial for basic aspects of male reproductive
physiology, such as spermatogenesis, the development of secondary sexual characteristics, and sexual
arousal (Dixson, 1998). T is also broadly linked to behaviors that facilitate reproductive
opportunities, such as courtship, in males of diverse animal taxa—for instance, singing in birds (e.g.,
Ball et al., 2003). Finally, T is also related to behavioural competition for access to resources such as
food or mates. Intraspecific competitive behaviors are highly species-specific and context-
dependent, but in highly social animals, including many primates, intraspecific competition is
regulated by dominance and/or status hierarchies, which reduce the costs of direct physical
aggression (Sapolsky, 2005).

Reported associations between T and competition, status-seeking, and aggression comprise
one of the most robust literatures in behavioral endocrinology, with data from numerous contexts
and animal taxa (with monogamous bird species, rodents, fishes, and primates being four frequently
studied groups). In humans, the field has grown large enough to warrant a number of
comprehensive reviews (some examples include Dabbs & Dabbs, 2000; Eisenegger, Haushofer, &
Fehr, 2011; Montoya et al., 2012; Casto & Edwards, 2016; Zilioli & Bird, 2017). Quantitative meta-
analyses have found generally modest but statistically significant associations between T and
aggression (Archer et al., 1998; Archer, Graham-Kevan, & Davies, 2005), risk-taking (Kurath &
Mata, 2018), and competition outcome (i.e., greater T increases after winning; Geniole et al., 2017)—
though see Van der Meij, Schaveling, and van Vugt (2016) for a meta-analysis suggesting no
relationship between T and leadership. Discussion continues regarding the appropriate functional
interpretation of men’s aggression and status-striving behavior. While many scholars argue these
traits represent men’s mating effort (i.e., the Challenge Hypothesis; see Archer, 2000), some recent
work instead suggests that mating effort may be better reflected by motivations to avoid social
exclusion, rather than status-seeking (Neel, Kenrick, White, and Neuberg, 2016).

Empirical findings also challenge the straightforward interpretation of T as a predictor of
aggression and status-striving. Null associations between T and traits such as self-reported
dominance (Josephs et al., 2006) or aggressive behavior (Popma et al., 2007), and even negative
relationships with outcomes such as perceptions of leadership ability by others (Roney & Carney,
2013) have led to researchers seeking explanations. Perhaps, given dozens of statistical tests of
associations between T and status-striving in humans, and generally modest effect sizes, some non-
significant correlations are to be expected based on sampling variability alone, even if there truly
exists a positive link between T and status-seeking behavior. At the same time, there are several
alternative reasons why established findings might fail to replicate: statistical power might be
insufficient to detect an effect; studies might adopt measures with poor construct validity; the
hypothesis itself could simply be incorrect. One particular kind of argument has recently gained
popularity within psychological T research: associations between T and status-striving behavior are
masked, or at least rendered conditional, by other moderating variables, especially other hormones.
Other hormones are attractive candidates as moderators for both theoretical and practical reasons.
Focusing the pleiotropic effects of hormones into more targeted outputs may be achieved within
organisms via complex interactions between hormones (e.g., for a review of the scope of
interactions between gonadal hormones, such as T, and the peptide hormone oxytocin, see Gimpl &
Fahrenholz, 2001). And, as behavioral endocrinology studies have already collected biological
samples for assay, examining additional hormones is possible without the need to carry out an
additional study.



Interactions between T and glucocorticoids in particular have received substantial attention
in the literature. Glucocorticoids—a class of steroid hormones that includes cortisol (C) in primates
and corticosterone in rodents and birds—are secreted by the adrenal glands during stress and
energetically demanding events. The basis for expecting interactions between T and glucocorticoids
comes from both behavioral and physiological findings generated over the last 30 years. One
seminal line of work has investigated effects of stress on reproductive behavior, likely reflecting
interactions between T and glucocorticoids (though other hormones and biological mechanisms are
also involved in the stress—reproduction link). Chronic elevation of glucocorticoids, whether via
stressors (e.g., infections, handling in livestock, isolation in social species) or experimental
administration, leads to a reduction in mating behavior, assessed via courtship effort (Moore &
Miller, 1984), mounting latency and ejaculatory frequency (Retana-Marquez et al., 2003), or
territoriality (Wingfield & Silverin, 1986; but see null effects on T). Notably, however, transient
stressors may have null or even potentiating effects on mating behavior (for a review, see Tilbrook
et al., 2000). And, species with temporal constraints on reproduction, such as some birds, can be
buffered from mating deficits that typically result from elevated glucocorticoids (e.g., Astheimer,
Buttemer, & Wingfield, 2000).

There also exists suggestive evidence of more proximate, physiological interactions between
T and glucocorticoids. Each hormone is the end product of their respective axes: T of the
hypothalamic-pituitary-gonadal (HPG) axis, and C/cotticosterone of the hypothalamic-pituitary-
adrenal (HPA) axis. However, the upstream physiological systems producing these hormones
communicate, and the HPA and HPG axes may mutually modulate one another (Viau, 2002). The
level at which this mutual modulation occurs is a continuing debate within the extant literature.
Some scholars have argued, for example, that T dampens the classic HPA ‘stress response’
upstream, at the level of the hypothalamus (Viau, 2002; Montoya et al., 2012)", though this may
occur via androgen receptors outside of the hypothalamus (Handa & Weiser, 2014); others argue
that inhibition occurs downstream only, at the level of the adrenal gland (Rubinow et al., 2005).
There is more agreement on the idea that products of the HPA axis inhibit HPG function at all
levels. Centrally, corticotropin-releasing hormone (CRH) inhibits secretion of gonadotropins, and
glucocorticoids (such as cortisol) can decrease pituitary sensitivity to gonadotropins (Tilbrook et al.,
2000). Peripherally, glucocorticoids may act directly upon the gonads to inhibit their endocrine
functioning (Johnson et al., 1992). Once again, however, a contrasting view exists. Ketterson and
Nolan (1999) note that, in studies of birds, T positively associates with corticosterone. They propose
that T induces a state of physiological stress. Through its metabolic effects, glucocorticoids may fuel
activities that are also promoted by T (i.e., those that represent increased mating effort). Though
Ketterson and Nolan (1999) do not explicitly predict positive interactions between T and
glucocorticoids, their proposal might lead one to expect positive interactions, at least for some
energetically intensive activities. This proposal is also consistent with a large body of psychological
studies in humans showing co-occurring T and C increases in response to challenges or stressors
(see e.g. Bateup, Booth, Shirtcliff, & Granger, 2002; Bobadilla, Asberg, Johnson, & Shirtcliff, 2015;
Shirtcliff et al., 2015). One recent paper suggests that administering T' to men raises cortisol levels,
though perhaps only men already high in dominance (Knight et al., 2017). In sum, while the precise
mechanisms and directionality of interactions between T and glucocorticoids remain a matter of

! Though Montoya et al. (2012) cite Viau (2002) as support for the claim that T inhibits HPA activity at the level of the
hypothalamus, Viau’s argument is more specific: “Thus, while testosterone regulation of stress-induced ACTH release
can be explained by the inhibition of AVP biosynthesis, sex steroid regulation of the neuroendocrine arm of the HPA
axis cannot occur directly at level of the PVN” (p. 508)



ongoing debate, a mounting body of evidence is consistent with the argument that the two
hormonal systems can modulate one another, and that their interactions have consequences for
downstream behavior or psychological traits.

1.1 The “Dual Hormone” Hypothesis

Mehta and Josephs (2010) explicitly formulated a hormonal interaction hypothesis, claiming
that C interacts with T to predict status-seeking behavior in humans. They also coined a label for
this idea: the “Dual Hormone” hypothesis. Citing mutual inhibition between the HPA and HPG
axes, Mehta and Josephs (2010) proposed that C “may block the influence of T on dominance” (p.
899). In two studies, they found that T and C interact to predict observers’ ratings of dominance in
men and women in a leadership task (Study 1) and likelihood of decisions to re-challenge one's
opponent after competition among men (Study 2),” such that associations between T and these
indices of status-striving behavior are strongest at low concentrations of C. This original prediction
of the Dual Hormone hypothesis, that high C masks associations between T and dominance, has
been replicated with other putative scales of dominance (e.g., from the International Personality
Item Pool; see Pfattheicher, 2017) and extended to patterns of aggression (Popma et al., 2007),
overbidding in an experimental economic game (van den Bos et al., 2013), destructive behavior
(Pfattheicher et al., 2014), risk-taking (Mehta et al., 2015), status among teammates (e.g., Edwards &
Casto, 2013) and empathy (with an inverse association between empathy and T, modulated by C;
Zilioli et al., 2014), among other domains (reviewed by Mehta & Prasad, 2015).

Yet, despite this level of support, the Dual Hormone hypothesis remains a relatively new
idea that, for several reasons, demands a critical eye and requires further investigation. First, positive
findings need to be considered within the larger literature of null and even reversed findings.
Multiple studies have now demonstrated a reversed TxC interaction, whereby the associations
between T and behavior are strengthened at high levels of C for outcomes such as self-reported risk-
taking (Barel et al., 2017) or aggressive behavior towards a competitor in a laboratory task (Denson
et al., 2013). In addition to these interactions found in an unexpected direction, there are also a
number of failures to replicate or find TXC interactions on aggressive behavior and attitudes (Scerbo
& Kolko, 1994; Carré & Mehta, 2011°; Platje et al., 2015), psychopathy (Glenn et al., 2011),
competitive behaviors (Salvador et al., 1999), risk-taking (Cueva et al., 2015), and past deviant
behaviors (Mazur & Booth, 2014). Importantly, a new meta-analysis of Dual Hormone TxC effects
finds a small average effect in the predicted direction, though this is qualified by evidence of
publication bias and analytic flexibility (Dekkers et al., 2019).

Still other findings provide a more ambiguous level of support for the Dual Hormone
hypothesis, with TxC interactions only emerging with the addition of another moderator variable
(e.g., winning vs. losing a competitive task—Mehta and Josephs, 2010; personality traits—Tackett et
al., 2014; being in a ‘social inclusion’ experimental condition—Geniole et al., 2011). These more
complex patterns go beyond the originally described hypothesis that “T' and C jointly regulate
behavior such that higher T should be positively related to dominance only when C is low” (Mehta
& Josephs, 2010, p. 899).

2 In Study 2, however, the T x C interaction was further moderated by whether men won or lost the competitive task.
See Table 1 for a summary of three-way interactions within the literature on the Dual Hormone hypothesis.

3 In this article, Carré and Mehta cite a personal communication with an author of another study (Victoroff et al., 2011),
who reported to them no T x C interaction on self-report measures of aggression.



In Table 1, we list a summary of published results from a literature search for TxC
interactions predicting status-striving and aggression, grouped by level of support for the
conventional (as defined by Mehta and Josephs [2010]) Dual Hormone hypothesis. To create this
table, we started by including the studies listed in Mehta and Prasad’s (2015) review of the Dual
Hormone hypothesis (with the exception of Zilioli & Watson [2012], which assesses a physiological,
rather than behavioral, Dual Hormone outcome). We then identified additional pertinent effects by
a) reviewing the publications listed by Mehta and Prasad and identifying any relevant null effects
from these studies (e.g., for Tackett et al. [2014], we include both the significant TxC interaction on
self-reports of externalizing behavior, as well as the null TXC interaction on parent reports of these

same behaviors); b) searching Google Scholar using the terms “Dual Hormone”, “testosterone
cortisol behaviot”, “testosterone cortisol interaction”, and “testosterone cortisol moderation”; and
¢) including any additional published papers familiar to us that were not identified by a) or b) but
nevertheless assessed the interaction between T and C in predicting status-striving behavior. We
concluded our search in May 2018. We extracted all relevant effects from the resulting papers that 1)
measured T and C concentrations in humans and 2) examined how TxC interactions predicted
indices of status-striving, aggression, dominance, or risk-taking. With these search strategies, we
identified a total of 55 effects. Our table visually represents what we perceive as a lack of a clear
trend: Though a number of findings support the Dual Hormone hypothesis, many null and negative
results have appeared too. In many cases, a single study contains some supportive effects, but also
null ones (e.g., Mehta et al., 2015a; Pfattheicher, 2017; Prasad et al., 2017; Tackett et al., 2014).
Outcomes in Dual Hormone studies are also heterogeneous, assessing features ranging from anti-
social punishment behavior (Pfattheicher et al., 2014) to social network centrality (Ponzi et al., 2016)
to risk-taking in stock trading (Cueva et al., 2015). One outcome measure used across multiple
studies (the Balloon Analog Risk Task) yields both significant and non-significant Dual Hormone
effects (see Mehta et al., 2015b; Ronay et al., 2018).

Equivocal findings in the published literature relate to a second issue: a degree of
imprecision or subjectivity in interpretation. By our reading, it is not completely clear how many
results should be viewed in terms of their degree of support of the Dual Hormone hypothesis. As an
illustrative example, consider Dual Hormone effects in the Ultimatum Game, a dyadic economic
game in which a proposer makes an offer as to how to split a sum of money with a responder. The
responder can accept the offer as proposed, or reject the offer so that both players receive nothing,.
Often, responders will reject ‘unfair’ (i.e., unequal) offers from proposers. One study reported that a
negative TxC interaction (presented as high basal T, and short-term decreases in C) predicts the
likelihood of responders rejecting unfair offers (though the authors found no T change x C change
interaction; Prasad et al., 2017). A second paper reported that a similar attenuating interaction
(increases in T, and decreases in C) predicted the acceptance of these same unfair offers (though the
authors found no basal T x basal C interaction; Mehta et al., 2015a). In the case of these two
opposing findings, it is unclear which particular combination of hormonal measurements (basal,
short-term changes, or a mix) and outcome measurements (acceptance or rejection of unfair offers)
offers the most appropriate test of the Dual Hormone hypothesis. Other questions of interpretation
are more general. For instance, aggressive behavior is by no means the only (or even primary) tactic
for status attainment in humans (see von Rueden et al., 2010; Eisenegger et al., 2011). Do Dual
Hormone effects on aggressive behavior truly reflect status-striving? For which outcomes should a

positive, potentiating TXC interaction be predicted, rather than the ‘conventional’ attenuating
interaction (see e.g. Bobadilla et al., 2015)? In what instances should a moderator be expected for



TxC (i.e., a three-way interaction—see Table 1 for examples)—and should the typical, 2-way
interaction still emerge in such cases? Without clear definitions of what constitutes support, or lack
thereof, for the Dual Hormone hypothesis, it is nearly impossible to evaluate the literature as a
whole.

Finally, an analysis of the significant, predicted (i.e., attenuating) TxC interactions in the
published literature suggests that most studies are underpowered to detect these effects. The p-curve
(Simonsohn et al., 2014) is a distribution of p-values that are published, statistically significant (i.e.,
ranging from ~0 to .05), and in the predicted direction for a given research domain. The shape of
the p-curve provides diagnostic information regarding the evidential value in a set of studies (versus
the influence of p-hacking—subjective, defensible decisions made by scholars during the research
process that artificially inflate the likelihood of obtaining statistically significant effects). But p-curve
analysis also provides information about the estimated statistical power to detect a real effect in a set
of studies. Given even modest statistical power (30%), a p-curve examining true effects will be
markedly right-skewed, with 43% of p-values under .01 (this is due to the non-central distribution of
test statistics; e.g. Hung, O’Neill, Bauer, & Kéhne, 1997). Figure 1 shows a p-curve of the significant,
independent’, attenuating TxC interaction p-values listed in Table 1. The p-cutve analyses are
equivocal as to the evidential value of the reported effects (i.e., the analyses cannot determine
whether selective reporting is the sole explanation for the given effects; see Simonsohn et al., 2014
and supplementary online materials [SOM] for interpretation). But more firmly, p-curve estimates
the power of these interaction tests to detect real non-zero effects, if they exist at the level p-curve
offers a best-estimate of, to be just 16% [90% CI: 5% - 44%]. Statistical power of only 16% presents
problems of both an inflated false negative rate (i.e., given a real TxC interaction effect,
underpowered studies will often fail to detect it) and an inflated estimate of effect size (“the winnet’s
curse”; see loannidis, 2008)°.

1.2 The Present Studies

Given the state of the field, additional work is needed. Studies with larger samples are
especially desirable, as they possess reasonable power to detect real effects, and positive effects are
less likely to be chance findings. In the current paper, we report findings from seven studies, with
total N of 718. These studies were not designed with the intent of testing the Dual Hormone
hypothesis. Nonetheless, on these samples, some of which were relatively large, we happened to
have measures related to status-striving and risk-taking (median N for measures used = 318), as well
as measures of salivary T and C (in many instances, multiple baseline measures, such that T and C
could be aggregated). Hence, we see our contribution as an opening of the file-drawer, which may be
one route by which researchers can gain insight into the nature and strength of effects. Recently,
questions about replicability within psychology have led some labs to make public all of their data
that pertain to effects of interest, whether statistically significant or not (e.g., Lane et al., 2016; Mann

* Two studies (Mehta et al., 2015b; Ponzi et al., 2016) contained multiple significant Dual Hormone effects. As p-curve
should only be used to analyze statistically independent effects (Simonsohn et al., 2014), we selected the median p-value
from studies with multiple significant effects.

3 P-curve has also been discussed as a means to detect p-hacking, procedures through which researchers inflate Type 1
error rates by sifting through multiple ways of performing analyses. As the flat distribution of significant p-values in
Figure 1 can arise through sampling variability and publication bias alone, in absence of p-hacking, by no means do we
imply that significant results have been p-hacked.



& Spellman, 2016). Like meta-analysis, opening the file drawer aims to clarify the nature of an
association by considering in aggregate the evidence provided from the sum of available evidence.

2. Methods
2.1 Participants

Participants were recruited in seven separate studies, which were conducted to test unrelated
predictions.

Sample 1. A total 98 men were recruited for a study examining the association between

fluctuating asymmetry and oxidative stress biomarkers. We report on a subsample of 97 for which
we obtained both T and C levels. (For further details, see Gangestad et al., 2010.)

Sample 2. A total of 150 participants (75 couples) were recruited for a study examining
oxytocin levels and responses in romantically involved partners. Once again, the subset here (N =
142; 70 women) includes those for which we had measures of both T and C. (For further details, see
Grebe et al., 2017.)

Sample 3. A total of 70 couples were recruited for a study examining changes in romantically
involved women’s sexual interests, and male partners’ reactions to them, across the cycle. The subset
on which we obtained assays of salivary T and C totals 90 participants (46 women). In this sample,
all women were normally ovulating. (For further details, see Gangestad, Thornhill, & Garver-Apgar,
2005, 2010, 2014; Garver-Apgar et al., 20006.)

Sample 4. A total of 152 adults (77 men) were recruited for a study on personality traits,
sociosexual relationships, and hormones (measured at one time point). Out of the total sample, we
include a subset of 122 participants for whom one T and one C datapoint were available (only one
saliva sample per subject was collected in this study; for further details, see Maestripieri et al., 2013;
Maestripieri, Klimczuk, Traficonte, & Wilson, 2014; Del Giudice, Klimczuk, Traficonte, &
Maestripieri, 2014.)

Sample 5. A total of 109 men were recruited for a study on personality traits, responses to
stressful and sexual stimuli, and hormones. In this study, three T and three C samples were collected
on two separate days, but here we only report on the two baseline samples. The subset with available
T concentrations comprises 107 men, while 108 had available C concentrations. (For further details,
see Ponzi et al., 2016; Zilioli et al., 2016.)

Sample 6. A total of 126 participants (65 men) were recruited for a study on personality traits,
chronotypes, impulsivity, and responses to stressful stimuli. In this study, three T and three C
samples were collected on a single day; we only report on the two baseline samples for each
hormone. 120 participants had T and C measurements available (For further details, see Marvel-
Coen, Nickels, & Maestripieri, 2018.)

Sample 7. A total of 41 male rugby players were recruited for a study of dominance, prestige,
and social networks. Thirty-nine participants provided one saliva sample before and one saliva
sample after team practice. One participant provided his saliva sample on a non-practice day, while
one participant did not provide saliva. T and C were assayed on the saliva samples provided before



team practice and the saliva sample provided on a non-practice day (final N = 40). For further
details, see Ponzi et al. (2010).

2.2 Psychological Measures

Across the seven samples, we obtained a variety of self- and partner-reported personality
measures that relate to status-striving or risk-taking—the predominant constructs represented in the
Dual Hormone literature. We note that self-reports may not be ideal for capturing overt behaviors—
the outcomes some scholars argue to be most closely predicted by hormonal fluctuations (e.g.,
Mazur & Booth, 1998). However, a) five of the 21 previously published, statistically significant Dual
Hormone effects similarly rely on self-report measures, suggesting these measures possess some
validity as tests of the Dual Hormone hypothesis; and b) we obtained partner-reports for some of
our measures (in Sample 3; see below), which provide validating information for self-reports and
may reflect observable behavior, even independent of self-reports (see, e.g., Connelly & Ones, 2010,
who argue that observer reports are “strong predictors of behavior” [p. 1092]); ¢) some “self-
reports” are not personality scales but rather are, in effect, self-reported behavioral surrogates—
reports of whether participants had engaged in particular behaviors in the past two days; Samples 2
and 3, below).

We divided our outcome measures into two separate categories—“core” and “secondary”’—
based on the degree to which they reflect the original formulation of the Dual Hormone hypothesis.
Below, we justify our choice of measurements and their categorization.

Social Potency. The Social Potency Scale, one measure on the Multidimensional Personality
Questionnaire (MPQ); Tellegen, 1982), consists of 26 items and is generally considered a measure of
social dominance, validated with peer-reports (Tellegen, 1982). E.g., “People consider me forceful;”
“I am quite good at getting others to see my way.” This measure was administered to Samples 1-3;
mean o = .86 (SD = .02). The romantic partners of participants in Sample 3 completed the same
measure re-worded to concern a partner. E.g., “People consider him (her) forceful;” o« = .89. Self-
reports correlated substantially with partner-reports, 1{68) = .48 and .43, p < .001, for men and
women, respectively. Due to its strong associations with published Dual Hormone outcomes such as
psychopathic personality (e.g., Benning et al., 2003) and descriptions of social potency as a measure
of traits such as “fondness for leadership roles” (Caspi et al., 1997), social potency was categorized
as a “core” outcome in analyses.

Non-Submissiveness. This measure consists of 16 items and was created to tap individual
differences in unwillingness to tolerate, without a counter-response, actions by others aimed to
diminish one’s status or social standing. E.g., “When other men [women] “cross the line” with me, I
am not afraid to enter into a conflict with them;” “Most people probably respect me for my
willingness to stand up for myself.” This measure was administered to Samples 1-3, mean o = .81
(SD = .06). The romantic partners of participants in Sample 3 completed the same measure re-
worded to concern a partner; o = .91. Self-reports correlated substantially with partner-reports, 7(68)
= .55 and .39, p < .001, for men and women, respectively. Non-submissiveness covaries substantially
with Social Potency as well: for self-reports, » = .55 and .54 for women in Samples 2 and 3 (IN = 73,
71) and .38, .54, and .51 for men in Samples 1-3 (IN = 73, 97, 70; all p < .001). Non-submissiveness
was also categorized as a “core” outcome.



Winning intrasexual competitive bebaviors. Participants in Samples 2 and 3 were asked on two
different occasions within a month to report how often, in the past two days, they had engaged in
specific behaviors that “got the best of” a same-sex person (5 items, 3 items for the Samples 2 and 3,
respectively). Items included, “I came away feeling I got the upper hand after a conflict with another
man [woman];” “I humiliated another man [woman].” Responses were aggregated across the two
reports; « = .90 and .73 for Study 2 and 3, respectively. These reports, which reflect an individual’s
motivation to maintain status over same-sex competitors, were categorized as “core” outcomes.

Exctraversion. The 60-item NEO Five-Factor Inventory (McCrae & Costa, 2004) was
administered to participants in Samples 1 and 2. The Extraversion Scale consists of 12 items. E.g., “I
like to have a lot of people around me;” “I like to be where the action is.” « = .78, .85. Extraversion
as a personality dimension includes facets that relate to dominance, assertiveness, and sensation-
seeking, which are higher in men (consistent with these traits being modulated by T). However,
extraversion also contains a sociability element that is higher in women (Weisberg, DeYoung, &
Hirsh, 2011); thus, extraversion is not an ideal index of status-striving. Here we include it as a
“secondary” outcome.

Agreeableness. The Agreeableness Scale of the Short-Form of the NEO Personality Inventory
consists of 12 items. E.g., “Some people think I'm selfish and egotistical” (reverse-coded); “If
someone starts a fight, ’'m ready to fight back” (reversed-coded). Reversed agreeableness was
included as a “core” outcome, due to its sizable positive relation to empathy and negative relation to
aggression (Tremblay & Ewart, 2005; Graziano et al., 2007). It was administered to Samples 1 and 2
(o = .76, .68).

Eysenck Impulsiveness Questionnaire (EIQ) Venturesomeness and Impulsivity. Eysenck and Eysenck
(1978) developed a measure of two facets of impulsivity, Venturesomeness (17 items) and
Impulsiveness (26 items). Eysenck and colleagues (see Eysenck & Eysenck, 1978; Eysenck, Easting,
& Pearson, 1984) define both facets in terms of a propensity to take risks, but with Impulsiveness
characterized by a lack of awareness of such risks, and Venturesomeness characterized by an acute
recognition of risk. As Venturesomeness directly taps sensation-seeking, a close relative to risk-
taking (Lejuez et al., 2002; Whiteside & Lynam, 2001), we categorized it as a “core” outcome.
Impulsiveness was categorized as a “secondary” outcome, due to its smaller correlation with
sensation-seeking, and small sex differences (the large majority of status-striving traits show
significant sex differences; see Del Giudice et al., 2014). The measures were administered to Samples
4-6. Mean o across both dimensions and all three samples was .70 (SD = .11).

Zimbardo Time Perspective Inventory (ZTPI). The ZTPI (Zimbardo & Boyd, 1999; D’Alessio et
al., 2003) consists of 38 items, which factor analysis shows tap three dimensions (D’Alessio et al.,
2003): Hedonistic Present, Fatalistic Present, and Future Time Perspective (16, 9, and 13 items
loading on each factor, respectively). All three dimensions strongly relate to impulsivity, and only
moderately to sensation-seeking; thus, they were categorized as “secondary” outcomes (see Del
Giudice et al., 2014). The measures were administered to Samples 4-6. Mean o across dimensions
and samples was .73 (SD = .12).

Scale of Intrasexual Competitiveness (SIC). The SIC was developed by Buunk and Fisher (2009)
to assess the degree to which people view interactions with same-sex individuals in a competitive
way. The scale consists of 12 items, e.g., “I always want to beat other men [women] in competition;”
“When I’'m at a party, I enjoy it when women [men] pay more attention to me than other men
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[women].” The items of the SIC involve striving for status and attention from the other sex, and the
scale predicts competitive behaviors in various contexts (Buunk & Fisher, 2009). For this reason,

this measure was categorized as a “core” outcome. The SIC was administered to Samples 4 and 5 («x
= .87,.78).

Dominance and Prestige. Cheng, Tracy, and Henrich (2010) developed a scale assessing two
broadly different means of obtaining status in human societies. Within the 22-item scale, two readily
interpretable factors emerged: one that contains items pertaining to dominance (10 items; e.g., “I try
to control others rather than permit them to control me”; “I dislike giving orders” [reverse-scored]),
and a second pertaining to prestige (12 items; e.g. “My unique talents and abilities are recognized by
others”; “Others seek my advice on a variety of matters”). This scale was administered to Sample 7;
o = .78 and .67 for dominance and prestige, respectively. These measures, both intended to capture
status-striving, were categorized as “core” outcomes.

2.3 Hormone Assays

For all samples, participants provided a sufficient volume of saliva for hormonal assays
through passive drool on at least one occasion: for Samples 1 and 2, two samples collected
approximately 1 week apart; for Sample 3, two consecutive days’ samples, where the two collections
were typically separated by 1 to 3 weeks; for Sample 4, one sample taken at the beginning of
laboratory procedures; for Sample 5, two baseline samples provided at the beginning of a pair of
experimental sessions; for Sample 6, a single sample given in the laboratory; for Sample 7, two saliva
samples were collected (for more details, see Participants section). For Samples 1 and 2, the first
sample was collected at the beginning of a lab session and the second sample was collected shortly
upon morning awakening. For Sample 3, all samples were collected early evening. For Sample 4, all
samples were collected between noon and 4 PM; Samples 5 and 6 were collected throughout the
day. Sample 7 was provided between 6 PM and 9 PM.

T and C were assayed from all available samples (Samples 1, 2 and 4: the Hominoid
Reproductive Ecology Lab, Department of Anthropology, University of New Mexico; Sample 3: the
Clinical Ligand Assay Service Satellite, University of Michigan; Samples 5-6: Institute of Mind and
Biology, University of Chicago; Sample 7: Behavioural Neuroendocrinology Lab, Simon Fraser
University). Prior to assays, frozen saliva samples were thawed, mixed by vortexing, then centrifuged
for 15 min to break up and precipitate mucins. For all samples, T was assayed using an enzyme
immunoassay kit from Salimetrics; C was measured with an in-house immunoassay using reagents
and protocols provided by the University of California at Davis Clinical Endocrinology Laboratory
(Samples 1 and 2), or a Salimetrics kit (Samples 3-7). The minimum sensitivity for T was 1 pg/mL;
minimum sensitivity for C was 16 pg/mL for the in-house assay, and 70 pg/mL for the Salimetrics
assay. Across studies, intra-assay CVs ranged from 3.0% - 9.4% for T (mean: 5.6%), and 4.0% -
8.9% for C (mean: 6.5%). Inter-assay CVs ranged from 5.9% to 10.7% for T (mean: 8.5%) and 5.5%
to 12.8% (mean: 8.4%) for C.

Within each sample, all T and C values were corrected for time since awakening by
regressing hormone values on a three-term (linear, quadratic, and cubic) polynomial function of
passage of time, where all terms including and under the highest order term that was significant were
retained. Residual hormone values were saved, and the mean uncorrected value was added to place
values on the same scale as the original. For analyses, we averaged all time-corrected baseline T and
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C values (that is, prior to any laboratory procedures or manipulations) available for an individual to
calculate mean T and C.

2.4 Procedures

All studies were largely questionnaire-based. Participants completed psychological and
behavioral measures as part of larger questionnaire packets. A substantial proportion of other
questionnaires in Samples 2 and 3 concerned participants’ behaviors, thoughts, and attitudes directed
toward their partners and from their partners toward them. Samples 1 and 2 included questionnaires
about general health and fitness. Samples 4-6 included questionnaires regarding personality measures
(including autistic-like traits), romantic relationships, sexual behavior, general health, family
composition, childhood experiences, and puberty timing. Additional self-reported measures and
body and strength measurements were collected in Sample 7. See the published papers cited above
for mote details.

2.5 Statistical Analyses

Within-sample, a specific psychological measure was regressed on T levels, C levels, and the
interaction between T and C levels. All levels were log-transformed, in light of expected effects of
hormone concentrations that are proportional (vs. absolute) (Jones, 1996). T and C levels were zero-
centered within sample. For samples that included both men and women, sex-specific analyses were
conducted, given large sex differences in mean and variance of T levels. Each effect — the main

effect of T, the main effect of C, and the TXC interaction — was expressed as the partial 7 between
the predictor and a given outcome, controlling for the other two effects. To assess the robustness of
sex-specific effects of a certain kind, we computed z-statistics on overall effects for a given outcome,
averaged across all sex-specific samples.

In addition to computing the statistical significance of partial correlations, we performed a
Bayesian analysis of interaction effects using Bayes factors (see Rouder et al., 2018; Wagenmakers et
al.,, 2017). In contrast with frequentist p values, Bayes factors can be used to quantify the strength of
the evidence supporting the null hypothesis versus the alternative. In the present analysis, values
larger than 1 indicate evidence in favor of the null hypothesis (in this case, no TxC interaction);
values smaller than 1 indicate evidence in favor of the alternative hypothesis (nonzero TxC
interaction). Bayesian analyses were performed with JASP 0.8.6 (JASP Team, 2018) using summary
statistics from regression models. For the alternative hypothesis, we used a JZS prior with scale
factor 7= 0.2, to account for the fact that interaction effects in observational studies tend to be
comparatively small even in the presence of strong interactions (McClelland & Judd, 1993). Bayesian
analyses are limited to individual studies, which have lower power than frequentist analyses on
overall mean effects. See the SOM for details.

Open data. Data from Samples 1-7 are publicly available at https://osf.io/5aeyt/.
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3. Results
3.1 Interactions between T and C Levels

Partial correlations and their significance levels are presented in Table 2. We first consider
the effects of primary interest: Interactions between T and C. For no outcome did we observe a
robust effect for men, women, or overall. The Dual Hormone hypothesis expects interaction effects
on status-striving and risk-taking outcomes to be negative. For males, the mean effect size for
measures of core traits (with Agreeableness reversed) was slightly positive, .06. The mean effect for
measures of secondary traits (with future orientation reversed) was slightly negative, -.01. For
females, these values were -.03 and .07, respectively. Overall, effects averaged close to zero, .02 in
both males and females. For individual traits, no interaction effects were statistically significant at p
< .05. Just two effects had p < .10, and both ran in the positive, not negative, direction: for males,
Dominance (.28); for females, Impulsivity (.18).

Bayes factors for all the interaction effects are reported in the SOM. With the current choice
of priors, the large majority of Bayes factors (29 out of 34 for core traits, 23 out of 26 for secondary
traits) indicated weak evidence in favor of the null hypothesis. Specifically, values supporting the null
ranged from 1.04 to 1.98 for core traits and from 1.23 to 1.96 for secondary traits; the range was
1.21 to 1.77 in females and 1.04 to 1.98 in males. Robustness checks showed that these results do
not depend critically on our choice of scale factor for the prior, and would be qualitatively similar
with larger scale factors (up to about 7= 0.5; see the SOM). There were no instances of moderate or
strong support for the null (Bayes factors > 3), which is unsurprising given the small size of
individual samples. Smaller samples provide less information about the value of model parameters;
as a result, even findings consistent with absence of the hypothesized effects may provide limited
support for the null. In two instances, Bayes factors indicated moderate evidence in favor of the
alternative hypothesis of a nonzero interaction (0.24 for Winning behaviors in Sample 3 females, and
0.28 for Extraversion in Sample 2 males). However, in both cases the direction of the interaction
was positive, rather than negative as predicted by the Dual Hormone hypothesis.

3.2 Main Effects

The mean association of T with core measures of status-striving was positive but modest
(partial » = .07 and .09 for men and women, respectively). In overall analyses, T predicted intrasexual
competitive winning and partner-reported non-submissiveness (only at p < .10), both in a positive
direction. For secondary measures, mean associations with T were near zero (partial » = .04 and -.01
for men and women). In men, T was positively associated with extraversion (a secondary trait in
this context). The mean association of outcomes with C was near-zero. In overall analyses, C was
not associated with any of our measures. See Table 2.

4. Discussion

Across seven independent samples of adults, totaling 718 participants (median sample size per
analysis = 318), we tested whether T, C, or the interaction of the two hormones predicted a variety
of self- and partner-reported personality measures relating to status-striving or risk-taking. Our
aggregate analysis of all seven studies did not yield a robust TxC interaction effect, with the overall
effect going slightly in the opposite direction of that predicted by the Dual Hormone hypothesis. We
followed up our aggregate analysis by performing Bayesian analyses of interaction effects in
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individual samples. Most of these analyses indicated weak evidence in favor of the null hypothesis.
We acknowledge upfront, however, that several of these findings on individual traits were only able
to provide weak evidence due to small sample sizes.

T levels modestly but non-significantly related to core measures of status-striving (mean
partial » = .07); secondary measures were even more weakly related (mean partial » = .03). C levels
did not reliably predict psychological traits and behavioral variables.

4.1. Limitations and Possible Interpretations

The proper interpretation of null findings is often far from straightforward. Here we review
the limitations of the present study, and address possible interpretations of results. Failure to detect
an effect can stem from a number of sources. In our view, failure to detect an overall, substantively
meaningful mean negative interaction effect that truly exists is unlikely. The mean interaction effect
aggregated over multiple measures and across subsamples (mathematically equivalent to a meta-
analytic estimate of the average effect) actually runs in a positive direction, meaning the average
relationship between T and our outcomes became more positive as C increased (though this effect
fell well short of statistical significance). At the level of individual traits, our power to detect a true
interaction effect varies, and some analyses are based on small samples. Thus, we emphasize our
aggregate results as the most informative findings pertaining to the Dual Hormone hypothesis, while
fully acknowledging that our results can say much less about results regarding individual traits. As
our power analysis below demonstrates, the aggregate sample contains excellent power to detect a
range of plausible effect sizes.

Another possibility is a problem with our operationalization of the Dual Hormone
hypothesis. In particular, our results may arise from the predominant use of self-report measures.
This possibility is consistent with one perspective advanced for main effects of T, in which T
impacts implicit status-related motivations that are not necessarily connected to explicit self-reports
(see e.g. Schultheiss, Campbell, & McClelland, 1999; Schultheiss & Rohde, 2002; Terburg & van
Honk, 2013). Such effects on motivation and behavior may be detectable by others (e.g., partners,
acquaintances) or via experimental manipulation (e.g. the presentation of angry faces; Terburg,
Aarts, & van Honk, 2012) while remaining opaque to the affected person. The first point in
response is that, as Table 1 demonstrates, varying operationalizations of ‘status-striving’ or
‘dominance’ have already been employed in the Dual Hormone literature, including self-report
measures very similar to the variables we assess (e.g., self-reports of externalizing behaviors [Tackett
et al.,, 2014; Grotzinger et al., 2018] are strongly predicted by reversed agreeableness [Miller, Lynam,
& Jones, 2008], one measure used in our analyses). Sixteen of the 55 previously published effects
(29%) listed in Table 1 rely on self-report measures, including five of the 20 statistically significant
effects (a near-identical 25%). Based on these frequencies, in conjunction with theoretical arguments
regarding the substantial links between personality traits and overt behaviors (e.g. Back & Vazire,
2015), we do not believe that our analyses are systematically less representative of the Dual
Hormone hypothesis than many other previously published tests. Second, to empirically address
differences between self-report and behavioural effect sizes, we compared the right skew of the p-
curves (as an index for evidential value; see Simonsohn et al., 2014) for the self-report effects to
those not relying on self-reports. The effects available to us do not suggest a significant difference in
right skew (p = .193, in the direction of more right-skew for the behavioural effects; see S2 and S3 in
SOM for separate p-curves of self-report and behavioral outcomes). We fully acknowledge that, with
only five eligible self-report effects, and 15 eligible behavioral effects, this analysis has limited power
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to detect differences. We hence do not argue that it shows evidence for no or minimal differences
across outcome type; we merely note that the analysis does not offer clear evidence for them. Third,
self-reports of some of our measures (Social Potency, Non-Submissiveness) were paired with reports
by partners, which showed substantial “self-other agreement” (self-partner correlations averaged .52
and .41 for men and women, respectively); clearly, these correlations are not possible if individuals
do not behave in ways both tapped by the self-report measure and observable to others. The mean
overall interaction effect sizes for partner reports specifically were close to zero as well (-.04 and -.01
for Social Potency and Non-Submissiveness, respectively—and more positive [hence, in the
unpredicted direction] for men, for whom T may be measured more validly (Shirtcliff et al. 2002;
Crewther et al. 2018), than for females [mean partial » = .16 and -.17, respectively). Effects for self-
reported instances of specific behaviors (winning competitions) in the past two days ran slightly in a
positive direction on average (.07). All in all, then, we see little evidence that results vary as a
function of outcome type, which is not to deny the possibility that they do. We note that this
conclusion is supported by a new meta-analysis of the Dual Hormone hypothesis (Dekkers et al.,
2019), which does not find a significant difference in effect sizes comparing self-report to behavioral
tasks.

Our results relatedly leave open the possibility that some effects of T (and C) occur
predominantly (or even exclusively) at an implicit level, and require specific experimental procedures
to be reliably detected. This perspective is consistent with findings showing associations between
hormone concentrations and behaviour when controlling for self-reports of personality (e.g.,
Geniole, Busseri, & McCormick, 2013; Akinola et al., 2016). However, we note that studies
supporting the idea that T affects automatic processes outside of conscious awareness (e.g., gaze
aversion, early threat processing) are typically based on small samples, and the relevant effects often
emerge from 2-way or 3-way interaction tests (e.g., Terburg et al., 2012; van Honk et al., 2005; van
Peer et al., 2017; Welling et al., 2016; Wirth & Schultheiss, 2007). Some of the same methodological
issues that may have led to spurious and/or inflated findings in the Dual Hormone literature also
apply to the literature on implicit motivation. While we do not intend to dismiss the existing findings
on implicit motivation, we argue that those findings should be submitted to critical scrutiny before
they can be accepted with confidence.

Another limitation of the present study is that we assayed T and C levels on either one day
or two different days in our studies, which could result in levels that are not broadly representative
of mean hormone levels produced by the participant. However, many previous studies examining
associations with personality measures assessed hormone levels on just one day (e.g., Mehta &
Josephs, 2010; Mehta et al., 2015; Ponzi et al., 2016; Zilioli et al., 2015). One recent study found a
‘conventional’ negative TxC interaction on reports of aggressive behavior using hair samples,
representing a longer time interval of hormone assessment (Grotzinger et al., 2018). This preliminary
evidence raises the possibility that more sensitive and/or aggregated measurements of steroid
hormones will more reliably yield interactions, but further research is needed to test this speculation.

Finally, one might point to challenges to the validity of ELISA procedures as a potential
limitation of our study (see Welker et al. 2016). Some researchers (e.g., Welker et al., 2016;
Schultheiss, Dlugash, & Mehta, in press) argue that a superior method for measuring salivary T
concentrations is mass spectrometry (two recent papers in our review have adopted this approach:
Grotzinger et al., 2018; Ronay et al., 2018). We welcome the use of more precise methods of
hormone measurement but, unlike some scholars who believe the field needs to jettison ELISAs and
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“go back to square one” (Mazur & Clifton, 2018, p. 8) with mass spectrometry, we take a somewhat
different stance. Evidence from several sources reports strong and significant correspondence
between salivary T assessed via ELISA and mass spectrometry (» = 0.808, p < 0.001, N = 40 males,
Yasuda et al. 2008), between salivary T and serum T determined via ELISA (total T: » = 0.96, p <
0.001, N = 28 males and females, Salimetrics LLC, State College, PA; total T: » = 0.916, N = 45
males, Crewther et al. 2018), and among results from the three major manufacturers of salivary T
ELISA kits (0.774 < r < 0.921, N = 50 males and females, Andersson et al. 2017). Studies have
reported poorer performance of salivary assays for detecting salivary T in women due to poor
resolution of low concentrations (Shirtcliff et al. 2002; Crewther et al. 2018), but this issue is not
specific to ELISAs. Limiting our results to men, correlations with core outcomes specifically ran
somewhat in the unpredicted direction (results for partner-reports in particular also ran in the wrong
direction). Mass spectrometry undeniably possesses some advantages over ELISA that warrants its
expanded use, but at the same time, the cost-effectiveness and performance of ELISAs makes them
viable methods for continued use in behavioral endocrinology studies.

4.2. Concluding Thoughts and Recommendations

The strongest interpretation of the present results—i.e., that the hypothesis of TxC
interactions predicting human status-striving should be rejected—is clearly premature, in our view.
In addition to the aforementioned limitations of our dataset, at a physiological level, an empirical
rationale for interactions between T and C is reasonable, and these interactions plausibly affect
downstream behavior. The Dual Hormone literature has pointed to evidence of inhibitory
physiological interactions (e.g., Viau, 2002; Tilbrook et al., 2000), which may well manifest in C
blocking the effects of T on dominance behavior, in line with the traditional Dual Hormone
prediction. At the same time, there are also theoretical and physiological reasons to expect positive
interactions. For instance, Shoech, Ketterson, and Nolan (1999) show that, in dark-eyed juncos,
males treated with T exhibit baseline C and larger C responses to stressors than do controls. This
comports with a physiological explanation the authors propose: increases in mating effort (e.g.,
expanding home ranges, singing more frequently) facilitated by T exact substantial energetic costs.
The well-known effects of C on the mobilization of energy stores, they propose, is one important
way males ‘pay for’ the costs of T-mediated behaviors. Behavioral endocrinology work in
chimpanzees (e.g., Muller & Wrangham, 2004) and red-fronted lemurs (Ostner, Kappeler, &
Heistermann, 2008) pose a comparable argument regarding C and dominance in primates: successful
investments by males in mating effort and status striving must occur within a physiological
environment of enhanced stress. Lastly, Table 1 provides examples of positive TXC interactions on
several indices of status-striving or dominance in humans. Thus, the inconsistent pattern of
interactions in the literature, in conjunction with the null effects we report, may indicate the
presence of contingent TXC interactions that influence status-seeking behavior or traits, rather than an
absence of meaningful interactions.

Perhaps the clearest implication of our results, then, is the need for further theoretical and
conceptual refinement. We strongly advocate for the development of precise predictions regarding
which behaviors and traits should be subject to negative TXC interactions, which are expected to be
subject to positive interactions, and perhaps which are not expected to yield significant interaction
effects. Several studies have also reported moderated Dual Hormone effects (e.g. 3-way
TxCxpersonality feature interactions; see Tackett et al., 2014 and Pfattheicher, 2017;
TxCxexperimental condition interactions; see Mehta and Josephs, 2010, Geniole et al., 2011, and
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Henry et al., 2017); we similarly encourage the development of precise predictions regarding the
cases in which these 3-way interactions should emerge. We hope that our results aid in the
development of these predictions, both by highlighting some effects that do not appear to be robust,
and by encouraging other labs to open their file drawers, which may contain replication attempts of
Dual Hormone predictions with outcome measures unavailable to us—for instance, regarding overt
behaviors. As we note above, p-curves of the published literature do not provide evidence of
significantly stronger effects for behavioral outcomes, but the addition of file-drawered effects may
modify this preliminary conclusion, and thus advance debates regarding the use of implicit versus
explicit measures in Dual Hormone studies.

Going forward, we encourage pre-registration of Dual Hormone predictions before they are
tested empirically, in light of recent discussion regarding analytical flexibility in psychological science
(e.g., the ‘garden of forking paths’; Gelman & Loken, 2014). High-powered, pre-registered
replication studies will serve as one of the most valuable tools to definitively address the robustness
and boundary conditions of the Dual Hormone hypothesis. This call is echoed by the authors of a
new meta-analysis on the Dual Hormone Hypothesis (Dekkers et al., 2019).

While the median sample size in our analyses (318) is larger than many Dual Hormone
studies, simulations suggest that even larger samples may be necessary to achieve acceptable
statistical power, particularly to detect interaction effects (see, e.g., Gelman, 2018). If TxC
interactions account for an additional 2% of variance explained in a linear regression, for instance,
then sample sizes of ~400 are needed to achieve 80% statistical power. Raising the effect size to 4%
still requires ~200 participants for 80% power.” Future research may also benefit from study designs
that measure T and C at multiple time points, either via collecting multiple ‘baseline’ measurements,
or capturing short-term hormonal changes. Single, instantaneous hormone concentrations—by far
the most common measurement type in the Dual Hormone literature—may be affected by a
number of extraneous factors (e.g., recent aerobic exercise or sexual activity), which contributes
noise and increases the chances of both Type I and Type II errors (see Loken & Gelman, 2017).
Another potential way forward may stem from experimental manipulation of T. Recent work
administering exogenous T to human participants suggests effects on aggression (e.g., Carré et al.,
2017; Wagels et al., 2018) and threat processing (e.g., van Peer et al., 2017); perhaps the effects of
these manipulations can be compared across a gradient of naturally occurring C concentrations (e.g.,
corresponding to time since waking). In sum, we believe that a triangulation effort, involving
numerous techniques and approaches, will be necessary to clarify the nature of Dual Hormone
effects on human behavior.
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Table 1

Previous published findings on the Dual Hormone hypothesis.

Effects consistent with the conventional “Dual Hormone Hypothesis” prediction (attennating TXC interaction)

Outcome examined N' | Sex Test statistic / p—value® Reference

Group performance in economic game 74 M&F | r=-027p=0.03 Akinola et al., 2016
Violence of convicted crime (prison inmates) 113 | M #112) = =2.11, p = .037 Dabbs et al., 1991
Teammate—rated status 4 |F F(1,70) = —6.62, p = .012 Edwards & Casto, 2013
Performance in competitive reaction time task 115 | F #(114)= —3.17, p = 0.002 Henry et al., 2017
Aggressive behaviors (self—reported) 40 | M&F | b=-012,p=.011 Grotzinger etal., 2018
Observer—rated dominance in leadership task 9% | M&F | F(1,82) = —4.96; p = .029 Mehta & Josephs, 2010
Sellers’ earning in negotiation (T & C reactivity) 64 M&F | b=-0.74, p=.047 Mehta et al., 20152°
Behavioral risk—taking (balloon task) 160 | M #156) = —2.67, p = .008 Mehta et al., 2015b
Trait risk—taking (self—report) 10 | M&F | 106) = —2.36, p = .020 Mehta et al., 2015b
Trait risk—taking (other—report) 92 M&F | #88) = —=3.02, p =.003 Mehta et al., 2015b
Antisocial punishment in economic game 72 M #70) = =2.27, p = .026 ?)fﬂttheiChef etal., 2014 (Study
Dominant behavior in dictator game 151 | M = —.537, p = .006 Pfattheicher, 2017
Social network centrality (popularity) 41 M f=—41,p=.03 Ponzi et al., 2016
Social network centrality (betweenness) 41 M pf=—42,p=.03 Ponzi et al., 2016
Rejection of unfair offers (C reactivity) 39 I M&F | #35) =—2.34, p=.025 Prasad et al., 2017
Self—reported overt aggression 100 | M #91) = —2.37, p = .020 Popma et al., 2007
Behavioral risk—taking (balloon task) 43 |M b= —135.84, SE = 49.5, p < .05 Ronay etal., 2018
Business executives’ number of subordinates 4 M f=—.35p=.005 Sherman et al., 2016
Externalizing behaviors (self—reported) 106 | M&F |pg=-21,p=.032 Tackett et al,, 2014
Overbidding 23 1M #18) = —=3.19, p = .005 van den Bos etal,, 2013
Self—reported trait empathy 315 | M F(1, 311)=5.77, p = .017 Zilioli et al., 2015
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Effects counter to the conventional “Dual Hormone Hypothesis” prediction (potentiating TXC interaction)

Self—reported risk—taking 77 M&F | (75) =241, p=.019 Barel et al., 2017
Aggressive behavior towards competitor 53 | F #43) = 2.93, p = .005 Denson et al., 2013
Cheating for financial gain (Study 1) 82 |M&F | f=.58p=.03 Lee et al., 2015
Cheating for financial gain (Study 2) "7 | M&F | f=.25p=.04 Lee et al., 2015
Self—reported psychopathy 187 | M #176) = 2.31, p = .022 Welker et al., 2014
Null “Dual Hormone” Findings (No Significant TXC Interaction)
Aggressive response to threat 39 |F Not reported; p > 478 Buades—Rotger et al., 2016
Endorsement of sociopolitical aggression 41 M Not reported; non—significant Carre & Mehta, 2010; cf.
Victoroff et al., 2010
Risk—taking in stock trading 137 | M&F | b=1.256,—-.289 (M, F); both p > .05 Cuevaetal,, 2015
Aggressive behavior in experimental game 063 M Not reported; p > .14 Geniole et al., 2011
Aggressive behavior in experimental game 200 | M&F | #99) = —1.15, 192) = 47 M, F); ps > .25 Geniole et al., 2013
Clinician—rated psychopathy 178 | M&F | =.06,p=.52 Glenn et al,, 2010
Rule—breaking behaviors (self—reported) 40 | M&F | b=-.05p>.05 Grotzinger et al., 2018
Self—reported deviant behavior 4462 | M Not reported; non—significant Mazur & Booth, 2014
Emergent status in triadic interactions 45 M #25) = 1.96, #9) = .46 (Study 1, 2); ps > .05 Mazur et al., 2015
Buyers’ price negotiated (T & C reactivity) 64 | M&F | Notreported; p > .60 Mehta et al., 2015a
Sellers’ earning in negotiation (basal T & C) 64 | M&F | Notreported; p > .40 Mehta et al., 20152
Dominant decisions in economic game 98 M & F | Not reported; p > .20 Mehta et al., 2017
Self—reported aggressive behavior 259 |M&F | p=.20,p=.55 Platje et al,, 2015
Social network centrality (gregariousness) 4 1M p=-.08,p=.69 Ponzi et al., 2016
Self—reported covert aggression 100 | M Not reported; non—significant Popma et al., 2007
Self—reported psychopathic traits 128 | M #123)= —0.197, p = 0.844 Pfattheicher, 2016
Trait dominance 151 ' M Not reported; p = .67 Pfattheicher, 2017
Rejection of unfair offers (basal C) 3% |IM&F | g =.25p=.15 Prasad etal., 2017
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Behavioral risk—taking (balloon task) 97 | F b=21.04, p > .05 Ronay etal., 2018
Dominant/offensive behavior in judo match 21 | M Not reported; non—significant Salvador et al., 1999
Teacher/staff rated aggression in children 40 | M&F | Not reported; non—significant Scerbo & Kolko, 1994
Preferences for financial risk—taking 247 | M #239) = .74, p = 403 Smith & Apicella, 2017
Externalizing behaviors (parent—reported) 106 | M&F | f=-.11,p=.246 Tackett et al., 2014
Self—reported dominance 36 |M Not reported; non—significant van der Westhuizen & Solms,
Self—reported psychopathy 187 | F #176) = —.64, p = .53 %gellier etal, 2014

Reading the Mind in the Eyes Test 315 | M & F | Not reported; p = .996 Zilioli et al., 2015

Moderated “Dual Hormone” Findings (Significant 3—way, but not 2—way, TXC interactions)

Friendly behavior in role—playing activity 80 |M&F | B=31.15p=.04 Lozza et al., 2017 (moderated by
experimental condition)

Decision to re—challenge an opponent 57 | M 1 =6.30,p<.05 Mehta & Josephs, 2010
(moderated by outcome)

Externalizing behaviors (parent—reported) 106 | M&F | f=-.25p<.001 Tackett et al., 2014 (moderated

by personality traits)

""These sample sizes represent the effective sample size used in statistical analyses; frequently, this number was smaller than the total number of

€S p pres p y q Vs
articipants, due to exclusion of outliers, insufficient sample volume for multiple assays, etc.

p p . . . > . .p . . . p } ’ . . . .

* For ease of interpretation, all test statistics/parameters in the direction predicted by the Dual Hormone hypothesis are assigned a negative value in the

table, even if coded to have a positive sign in the original paper.
. . p g g p p . . . . .

>This paper also includes a second study and Dual Hormone finding. However, this other effect the authors highlight as suppottive of the Dual Hormone

Hypothesis—the accepting of unfair offers in the Ultimatum Game—is at odds with characterizations of attenuating T x C interactions as potentiating
status-striving behaviors (indeed, Prasad et al. [2017] explicitly interpret the rejection of unfair offers as an aggressive response that supports the Dual
Hormone hypothesis). For this reason, we omit this effect from our table.
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Table 2

Effects of Testosterone (log), Cortisol (log), and Testosterone (log) X Cortisol (log) Interactions: Partial r

SIC: Scale of Intersexual Competitiveness; EIQ: Eyesenck Impulsiveness Questionnaire; ZTPI: Zimbardo Time Perspective Inventory

Sample S1 S2 S2 S3 S3 S4 S4 S5 S6 S6 S7 Weighted Means
Sex M M F M F M F M M F M M F All N
Core Traits
Social Potency T .15 .18 -15 -.08 .24 .10 .03 .07

C -04  -.07 .10 12 .09 -.01 -.01 -.01

™<C .07 .20 -.08 .00 .06 .10 -.01 .05 325
Non- T .05 .08 .09 .00 22 .05 .15 .09
SubmissivenessC -.03 .00 -.05 .03 22 .00 .07 .02

TxC .05 .08 .18 .04 .05 .06 13 .09 323
Social Potency T .08 .24 .08 .24 .16
(partner-report)C -.03 .00 -.03 .00 -.02

TxC .08 -17 .18 -17 -.04 88
Non- T 23 .14 23 .14 .19
SubmissivenessC -.18 17 -.18 17 .00
(partner-report) TxC 14 -17 J4 0 -17  -01 88
Win Intrasex T .05 -.10 .30 .30 16 .08 A2
Competition C -.09 -.19 -.05 .10 .03 -.06 -.02

TxC .15 -17 -.05 37 .06 .07 .07 233
SIC T 12 .09 -.03 .03 .09 .05

C -.06 -.02 .06 -.01 -.02 .00

TxC -13 -15 -.06 -.09 -15 -11 196
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Sample S7 Weighted Means
Sex M M F All
Dominance T A1 A1 - A1
C -25 -25 - -.25
TxC 28 28 - 28
Prestige T -13 -13 - -13
C .09 .09 - .09
TxC -04  -.04 - -.04
Agreeableness T -.07 .00 -.05
(Reversed) C J0 -1 .04
TxC .01 .01 .01
EIQ T A1 -.01 .07
Venturesome C -.05 -.01 -.03
TxC -.05 .03 -.02
MEAN T .07 .09 .07
C -.03 .01 -.02
TxC .06 -.03 .02
Secondary Traits
Extraversion T 16 -13 .07
C .07 .01 .05
TxC .03 .01 .02
EIQ T -05  -.07 -.06
Impulsivity C .09 .04 .07
TxC -.05 18 .03

40

40

436

318

436

318
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Sample S1 S2 S2 S3 S3 S4 S4 S5 S6 S6 S7 Weighted Means
Sex M M F M F M F M M F M M F All
ZTPI T 02 -18 .04 23 .05 09 -.006 .04
Present- C .09 35 -.02 .02 .00 .02 16 .08
Hedonistic TxC -.04 d6 -.01 .07 A1 .01 14 .05
ZTPI T .03 07 -.08 .08 15 .00 A1 .04
Present- C .05 .29 01 .03 .04 .03 .16 07
Fatalistic TxC -06 -13  -.06 A1 .08 -01  -02 -01
ZTPI Future T -.07 .10 .02 .08 .08 .01 .08 .04
(Reversed) C 01 A7 -.05 00 -.02 -.02 .07 .01

TxC -.06 05 -.006 .09 .06 -.01 .05 01
MEAN T 04 -.01 .03

C .04 .09 .06

TxC -.01 .07 .02
Median N 97 71 70 4 45 46 45 107 62 58 40

318

318

318

Notes. All effects expressed as partial 7, with the other two effects controlled. All effects significant at p < .05 are in bold. All effects with p

< .10 are in italics. P-values not corrected for multiple comparisons.
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Figure 1. P-curve of 19 significant, independent published results supporting the Dual Hormone
hypothesis (see Table 1). Figure generated by p-curve.com, application version 4.06.

100% - Observed p-curve
Power estimate: 16%, C1(5%,44%)
------- Null of no effect
Tests for right-skewness: pgy = .0652, pyai=.2165
0 — — — = Null of 33% power
r— Tests for flatness: pry = -1393, Phai = -9982, Pginomial = -1622
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Note: The observed p-curve includes 19 statistically significant (p < .05) results, of which 11 are p < .025.
There were no non-significant results entered.
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