Physiology & Behavior 129 (2014) 230–236

Contents lists available at ScienceDirect

Physiology & Behavior
journal homepage: www.elsevier.com/locate/phb

Testosterone, cortisol, and psychopathic traits in men and women
Keith M. Welker a,⁎, Elianna Lozoya a, Jocelyn A. Campbell a, Craig S. Neumann b, Justin M. Carré c
a
b
c

Wayne State University, USA
University of North Texas, USA
Nipissing University, Canada

H I G H L I G H T S
•
•
•
•

The relationships between testosterone cortisol and psychopathy were examined.
Testosterone was positively related to psychopathy.
Cortisol was positively related to psychopathy in men.
Cortisol moderated the relationship between testosterone and psychopathy in men.
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a b s t r a c t
Cortisol and testosterone are theorized to independently and jointly inﬂuence antisocial behaviors. The current
research examined the independent and interactive effects of baseline testosterone and cortisol on individual differences in psychopathic traits in a relatively large non-clinical sample (N = 237). Participants completed the
Self-Report Psychopathy — Short Form (SRP; Paulhus, Neumann, & Hare, in press) and provided saliva samples.
Analyses indicated that testosterone and cortisol were positively correlated with psychopathic traits in men, but
beyond these effects, cortisol moderated the relationship between testosterone and psychopathy in men. The relationship between testosterone and psychopathy within men was positive when cortisol levels were high, but
negative when cortisol levels were low. These results have implications for work surrounding the dual hormone
hypothesis and suggest that nonclinical variability in psychopathy can be predicted by baseline testosterone and
cortisol.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction
An abundance of literature shows that psychopathic traits are
linked to many undesirable characteristics and antisocial behaviors
(see [18,22,23,31,62,66] for reviews). Individuals high in psychopathy show increased instrumental aggression [11], coupled with
decreased startle responses to distressful stimuli [3,47,48], low anxiety [61], fearlessness (e.g. [32]), lower autonomic nervous system
activity [5,17,29,30] and decreased amygdala reactivity to fearful
faces [7].
1.1. Psychopathy and neuroendocrine function
Testosterone and cortisol are two hormones associated with traits
conceptually linked to psychopathy. Testosterone, the end-product of
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the hypothalamic–pituitary–gonadal (HPG) axis, is positively correlated
with antisocial behaviors including problems in work settings, criminal
activity, risky behaviors, and drug use [35]. Additionally, testosterone is
positively correlated with reward-seeking [13], has a small, positive association with aggression (see [2] for a meta-analysis). Low empathy,
another prominent feature of psychopathy, is also linked to higher
levels of endogenous testosterone [54] and exogenous administration
of testosterone reduces empathic behavior [25,59]. Despite support for
a relationship between testosterone and traits conceptually linked to
psychopathy, only two studies have directly assessed the association between testosterone and psychopathic traits. In a relatively small sample
of criminal offenders (n = 61), Stalenheim, Eriksson, von Knorring, &
Wide [57] reported a positive correlation between testosterone and
the antisocial facet of psychopathy. In contrast, a larger non-clinical
sample revealed no bivariate relationships between baseline testosterone concentrations and psychopathy [20].
Cortisol, the end-product of the hypothalamic–pituitary–adrenal
(HPA) axis, is positively related to fear, sensitivity to punishment, and
withdrawal behavior [56]. Notably, psychopathic traits are characterized by deﬁcits in these very same processes [32] and with individual
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differences in cortisol secretion (see [56] for review). Speciﬁcally, psychopathic criminals have lower diurnal levels of cortisol compared to
nonpsychopathic criminals [9] and within psychopathic samples, cortisol levels are negatively correlated with aggression [36]. Men scoring
high in psychopathy also exhibit lower cortisol reactivity to a standard
psychosocial stressor, relative to men scoring low on psychopathic traits
[45,46].
This literature suggests that testosterone and cortisol may contribute to normal variability in psychopathic traits. However, testosterone
and cortisol do not have exclusively independent relations with psychopathy and antisocial behaviors. The HPA and HPG axes are not closed
systems, but are thought to have mutually inhibitory effects on each
other [60] and may interact and co-regulate social behavior [8,58]. Speciﬁcally, when cortisol levels are low, high testosterone levels are associated with dominance [37], overt aggression [51], perceived status in
women [15], and violent crime [12]. One exception to this pattern of
ﬁndings is a recent report that testosterone levels were positively correlated with reactive aggression in women when cortisol levels are high
[14].
Terburg et al. [58] hypothesized that psychopathy would be more
pronounced in individuals with high testosterone and low cortisol levels.
Glenn et al. [20] reported that although baseline testosterone and cortisol
did not predict psychopathy, the ratio of baseline testosterone to cortisol
reactivity (the testosterone/cortisol ratio) positively predicted individual
differences in psychopathic traits when testosterone levels were high.
Glenn et al. [20] concluded that the HPA and HPG axes work simultaneously to predispose individuals toward psychopathy. Although Glenn
et al. [20] did not ﬁnd a signiﬁcant testosterone × cortisol moderation effect, it is important to note that Glenn et al. did not examine whether the
testosterone × cortisol effect was speciﬁc to men or women. Although
work surrounding the dual-hormone hypothesis is developing, testosterone × cortisol interactions in women and men have been linked to dominance and aggression [12,14,38,51]. Testosterone and cortisol
interactions related to aggression and antisocial behaviors have been
found in men and women, but in different directions. Some researchers
have found that testosterone positively predicts antisocial behavior in
boys and adult men when cortisol levels are low, not high [12,51],
while other researchers have found that testosterone predicts aggression
in women when cortisol is high [14]. Therefore, it is important to examine whether gender is a moderator of the presence of dual hormone interactions. Considering this work, researchers investigating the
neuroendocrine correlates of psychopathic traits (or antisocial behavior)
should consider both testosterone and cortisol levels, since these systems
appear to work collectively in modulating antisocial behavior [8].
1.2. Overview of current research
Few studies have systematically examined associations between testosterone and cortisol levels and speciﬁc dimensions of psychopathy.
Although some studies have examined the relationship between testosterone and psychopathy, few of these studies have utilized larger sample
sizes (but see [20]), which can enhance generalizability and power in statistical analyses. Therefore, it is necessary to test the relationship between testosterone, cortisol, and psychopathy in a larger sample of
men and women. Furthermore, the construct of psychopathy appears
to be dimensional in nature [22] and studies of large non-clinical samples
not only assist in generalizability but also avoid the potential confounds
(e.g., substance abuse) that may affect the results from incarcerated
samples (e.g., [22]). The current research overcomes the limitations of
previous research by examining the extent to which baseline testosterone, cortisol, and the interaction of testosterone and cortisol map onto
variability in psychopathic traits in a large non-clinical sample.
Based on our review of the previous literature, we hypothesized that
testosterone would be positively related to psychopathy in men. Consistent with dual hormone research on the joint effects of testosterone and
cortisol (e.g., [38]), we examined whether testosterone and cortisol
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would interact to affect psychopathy. Because previous research has
found dual-hormone interactions occurring in different directions, we
did not form any hypotheses about how testosterone and cortisol
would jointly affect psychopathy. Due to the absence of research showing that baseline cortisol and psychopathy are related in nonclinical
populations, we did not form any hypotheses about the relationship between basal cortisol and psychopathy.
2. Methods
2.1. Participants
The participants were 237 undergraduate students (51.9% women,
M age = 21.73, SD = 4.66) who received course credit and ten dollars
as compensation. This sample size, using the effect size metric of
Pearson's r and a two tailed alpha of .05 [10] is capable of estimating
large and medium effect sizes (r = .5 and .3, respectively) with excellent power (power N .99), and small effect sizes (r = .1) with low
power (power = .34). The current study was part of a larger protocol
examining relationships between hormones, personality traits, and social behavior (see [6,7]). None of the analyses in the current manuscript
overlap with our previously published data.
2.2. Materials and procedure
To increase the purity of saliva samples, participants were instructed
not to eat or brush their teeth at least 2 h prior to arrival in the lab. Participants completed the Self Report Psychopathy — Short Form (SRP-SF;
[49]), a 29-item measure of psychopathy assessing the Interpersonal, Affective, Lifestyle, and Antisocial factors of psychopathy. The SRP-SF has a
four-factor latent structure [6,7,34,40,41,65], and is strongly positively
correlated with both the Hare Psychopathy Checklist — Revised and
the Youth Psychopathic Traits Inventory [1,41,49], as well as with a psychopathy self-report based on the ﬁve-factor model of personality [33].
Although often within nonclinical ranges, the continuously distributed
traits measured by the SRP-SF are associated with relevant external correlates, such as positively with criminal offenses and externalizing psychopathology [41], negatively with moral reasoning [55], negatively
with amygdala activation to fearful faces [6,7], and positively associated
with aggression and alcohol use [63]. On-going latent variable modelbased research with the SRP has shown it to be invariant across sex,
based on a mega world-sample (30 k+), and that such traits are associated with world regional data such as Gross Domestic Product (GDP),
fertility, and infant mortality [42]. Recent work using the SRP-SF has
found that general population scores on the SRP-SF have a mean of
26.23 (SD = 7.07; [55]). Additionally, psychopathic offenders have a
mean SRP-SF score of approximately 77 [49], and those who meet the
cutoff for psychopathy of the Psychopathy checklist — Revised (PCL-R)
have a mean SRP-SF score of 98 [49]. Although only 16 of our participants
had psychopathy scores that exceeded 77 and no scores exceeded 98,
even relatively low levels of SRP-SF scores have meaningful associations
with violence, alcohol use, and intelligence, among other variables [22].
A conﬁrmatory factor analysis (CFA) using MPLUS was conducted
on the SRP-SF items using the four-factor model via robust weighted
least squares estimation method, with all items loading only on their
respective factors. The 4-factor model showed acceptable ﬁt
(χ2(344) = 728.25, p b .001, CFI = .91, RMSEA = .07), and a deltachi squared test revealed that this model had signiﬁcantly better ﬁt
than the two-factor model of psychopathy (Δχ2(5) = 78.47, p b .001).
The two factor model contained the Interpersonal-Affective factor and
Lifestyle-Antisocial factor and did not demonstrate acceptable ﬁt
(χ2(349) = 806.73, p b .001, CFI = .89, RMSEA = .08). This four factor
model of psychopathy is presented in Fig. 1, which displays standardized coefﬁcients for all estimates. As can be seen in Fig. 1, the factors
are strongly inter-correlated and thus provide evidence that the total
SRP-SF score can be treated as a unidimensional scale [43]. The
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Fig. 1. Path model for conﬁrmatory factor analysis of the Self Report Psychopathy — Short Form. Circles represent the four latent factors of psychopathy, while rectangles represent the scale
item indicators. Double arrow lines between the latent factors indicate correlated error variances of the latent factors, while single arrow lines between the indicators and latent factors
represent factor solution. All coefﬁcients are standardized.

Cronbach's alphas for the four factors indicated acceptable reliabilities
(alphas .62–.80).

2.2.1. Saliva samples
After completing self-report questionnaires (which included the SRPSF), participants provided a baseline saliva sample via unstimulated passive drool into polystyrene culture tubes. All samples were stored at
−20 °C until assayed using commercially-available enzyme immunoassay kits (DRG International). All samples were assayed in duplicate and
the average of the two samples was used in all analyses. All testing
took place between 11 am and 5 pm to control for diurnal variation in
testosterone and cortisol concentrations.
Mean intra-assay coefﬁcients of variation for testosterone and cortisol were 11.70% and 10.01%, respectively. Four participants provided insufﬁcient saliva for processing testosterone. Also, because we performed
the cortisol assay after the testosterone assay, cortisol concentrations
from 50 participants were unable to be determined because of insufﬁcient volume.1
1
We also asked participants to indicate if they used oral contraceptives, the number of
cigarettes they smoked per week, number of alcoholic beverages consumed weekly, average hours of sleep per night, and the amount of hours slept in the night prior to the study.
These measures were not correlated with our measures of testosterone and cortisol, with
two exceptions: Alcohol consumption had a small, positive association with Testosterone
(standardized separately in men and women; r = .18, p = .007), and cigarette use had a
small, negative association with cortisol (r = −.15, p = .037). Controlling for alcohol and
cigarette use did not change the signiﬁcance of any presented analyses, with the exception
that the main effect of cortisol in our ﬁrst regression model (Table 1) became marginally
signiﬁcant (p = .059). However, these two covariates were not useful covariates in any
steps of the regression model (ps ≥ .717).

3. Results
Cortisol concentrations were positively skewed and thus were log
transformed for all analyses. Since men and women differed in testosterone levels, testosterone was standardized separately for men and
women for models with interactions [28,37–39,44,68]. Three univariate
outliers were found for testosterone concentrations and one univariate
outlier was found for cortisol (N3 SDs). These values were winsorized
to 3 SDs [64]. Preliminary analyses indicated that relationships between
hormones and psychopathic traits were similar across each of the four
psychopathy facets. Speciﬁcally, testosterone showed a small, positive effect sizes across all four facets in men (rs from .05 to.19, signiﬁcant only
for the interpersonal dimension, p = .045) and small, null effects in the
four facets in women (rs from −.04 to .08). Cortisol had small to moderate positive effect sizes with the four facets in men (rs from .17 to .34; ps
from −.001 to .090) and null effects in women (rs from −.08 to .13).
Thus, all analyses were conducted on total psychopathy scores.
Although cortisol levels (log transformed) did not differ between men (M = .50, SD = .17) and women (M = .51, SD = .15,
t(185) = − .515, p = .607, d = .08), men had higher testosterone
levels (M = 92.35, SD = 34.84) compared to women (M = 41.09,
SD = 20.59, t(231) = 13.82, p b .001, d = 1.82). Also, men scored
higher in psychopathy (M = 61.99, SD = 12.98) compared to women
(M = 49.87, SD = 12.83, t(234) = 7.22, p b .001, d = .94). Because testosterone and cortisol are affected by diurnal variation (e.g. [50]), we
used time of day as a covariate in all analyses. In our study, time of
day was negatively correlated with cortisol concentrations in women
(r(91) = − .26, p = .013), but not men (r(96) = − 10, p = .36).
Time of day was negatively correlated with testosterone concentrations
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in men (r(111) = −.24, p = .011), but not in women (r(122) = −.03,
p = .72).
We proceeded to test our hypotheses using a four-step set of moderated multiple regression models. Because these models contained interactions, we mean-centered the values of testosterone and cortisol prior
to computing interactions. Interaction effects were interpreted using the
conditional effects probing tool developed by Preacher, Curran, and
Bauer [52]. In the ﬁrst step, we regressed total psychopathy scores on
testosterone concentrations (centered, standardized separately for
men and women) and cortisol concentrations (centered, log transformed), with gender and time of day as covariates. In the second step,
we examined if testosterone and cortisol jointly interacted to affect psychopathy by adding a testosterone × cortisol interaction term. The third
model tested whether sex moderated the relationship between testosterone and cortisol by adding a testosterone × sex interaction term
and a cortisol × sex interaction term. Finally, the fourth model tested
whether sex moderated the interactive effect of testosterone × cortisol
on psychopathy with a three-way sex × cortisol × testosterone interaction term. The results of this 4-model regression are presented in
Table 1.

233

positive predictor of psychopathy (β = .15, t(181) = 2.24, p = .026)
when controlling for gender and time of day.
3.2. Testosterone × cortisol moderation
Consistent with Glenn et al. [20], model 2 did not reveal a signiﬁcant
testosterone × cortisol interaction across all participants, β = .06, p =
.40. We return to investigate whether testosterone × cortisol interactions speciﬁcally occurred in men or women in model 4.
3.3. Gender moderation of the prediction of psychopathy by testosterone
and cortisol
Model 3 did not reveal a signiﬁcant sex × testosterone interaction, β = .05, p = .49,2 but did yield a signiﬁcant sex × cortisol interaction, β = −.15, p = .031. Probing this two-way interaction with simple
slopes analysis revealed that cortisol was a positive predictor of psychopathy within men (b = 21.54, se = 8.07, t(177) = 2.67, p = .008),
but not women (b = −5.42, se = 9.77, t(177) = −.56, p = .58).
3.4. Gender moderation of dual hormone effects on psychopathy

3.1. Effects of baseline testosterone and cortisol on psychopathy
Model 1 revealed that the relationship between testosterone
(standardized separately for men and women) and psychopathy
was marginally signiﬁcant in a positive direction (β = .12, p = .088)
and the relationship between cortisol and psychopathy was positive
and signiﬁcant (β = .13, p = .049). Because we had substantially less saliva to measure cortisol (N = 187) than testosterone (N = 233), this resulted in less statistical power to estimate the effects of testosterone on
psychopathy than what is afforded by our sample in step one. To attenuate this loss of power, we examined a similar model to step 1 without
cortisol included as a predictor, ﬁnding that testosterone was a signiﬁcant

Table 1
Multiple regression analyses with testosterone, cortisol, and sex predicting total
psychopathy scores.
Model and predictors
Model 1

Model 2

Model 3

Model 4

β

F(4,180) = 15.29, p b .001, R2 = .25
Testosterone
0.12
Cortisol
0.13
Time
−0.08
Sex
−0.45
F(5,179) = 12.35, p b .001, R2 = .26
Testosterone
0.10
Cortisol
0.12
Time
−0.08
Sex
−0.45
T×C
0.06
F(7,177) = 9.64, p b .001, R2 = .28
Testosterone
0.10
Cortisol
0.09
Time
−0.10
Sex
−0.44
T×C
0.08
Sex × C
−0.15
Sex × T
0.05
F(8,176) = 9.14, p b .001, R2 = .29
Testosterone
0.08
Cortisol
0.11
Time
−0.11
Sex
−0.41
T×C
0.08
Sex × C
−0.11
Sex × T
0.08
Sex × C × T
−0.15

t

p

1.72
1.98
1.25
−6.93

0.088
0.049
0.213
b.001

1.45
1.68
−1.26
−6.90
0.84

0.149
0.095
0.208
b.001
0.403

1.39
1.25
−1.49
−6.84
1.16
−2.17
0.70

0.166
0.214
0.139
b.001
0.248
0.031
0.49

1.12
1.50
−1.67
−6.24
1.20
−1.53
1.20
−2.09

0.263
0.135
0.097
b.001
0.232
0.129
0.233
0.038

Model 4 revealed that the entered sex × cortisol × testosterone
interaction was signiﬁcant (β = − .15, p = .038), suggesting that a
cortisol × testosterone interaction was speciﬁc to either men or
women. Simple slopes analysis procedures revealed that there was
a signiﬁcant conditional testosterone × cortisol interaction for men
(b = 19.48, se = 8.42, t(176) = 2.31, p = .022), but not for women
(b = −5.31, se = 8.31, t(176) = −.64, p = .53). These conditional interactions are presented in Fig. 2. The conditional testosterone × cortisol
within men was signiﬁcant because the direction of the relationship between testosterone and psychopathy was positive when cortisol levels
were high (1 SD above the mean; b = 2.99, se = .165, t(176) = 1.81,
p = .072), but negative when cortisol levels were low (1 SD below the
mean; b = −3.17, se = 2.43, t(176) = −1.31, p = .19). The presence
of the two-way testosterone × cortisol conditional interaction indicates
that these two slopes were signiﬁcantly different from each other.3 Examining the four facets individually, the three-way testosterone × cortisol × sex interaction effect was signiﬁcant in the lifestyle and antisocial
facets (ps ≤ .043), marginally signiﬁcant in the interpersonal facet (p
= .081), and nonsigniﬁcant in the affective facet (p = .485).
4. Discussion
The present study examined the joint effects of cortisol, testosterone, and sex on psychopathy in a relatively large, well-powered,
nonclinical sample of both men and women. Additionally, this
study examined these effects using the largest sample of women to
date. Consistent with previous research [57], the present study
found a weak, positive relationship between testosterone and psychopathy across men and women. Within men, cortisol was found
to be positively related to psychopathy. Additionally, cortisol moderated the relationship between testosterone and psychopathy in men,
such that testosterone was positively related to psychopathy when
cortisol was high, but negatively related to psychopathy when

2
At the request of an anonymous reviewer, we also evaluated the simple slopes of testosterone predicting psychopathy in men and women without cortisol or interactions relevant to cortisol in the model. Simple slopes analysis revealed a marginally signiﬁcant
trend in men (b = 2.21, se = 1.33, t(227) = 1.66, p = .098), but no effects of testosterone
in psychopathy in women (b = .60, se = 1.20, t(227) = .50, p = .616). The
testosterone × sex interaction in this model was not signiﬁcant (p = .371).
3
We also used the Johnson–Neyman technique for probing interactions to probe the
Testosterone × Cortisol Interaction within men. This analysis showed that the conditional
slopes of testosterone predicting psychopathy were signiﬁcantly different when centered
log-transformed cortisol reached 1.12 SDs above the mean.
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Fig. 2. Psychopathy as a function of testosterone and cortisol within men and women.

cortisol was low. These ﬁndings are consistent with recent work and
theory suggesting that testosterone and cortisol jointly regulate
dominance and antisocial behaviors [8,12,14,20,38,51,58]. Most of
these studies indicate that testosterone predicts dominance and
behaviors, but only within individuals with low cortisol levels
[12,38,51].
However, the current research shows that testosterone is positively related to psychopathy in men when cortisol levels are high.
On the other hand, the least psychopathic individuals had low
levels of testosterone and cortisol. Although Glenn et al. [20] did
not ﬁnd a signiﬁcant testosterone × cortisol interaction in participants, Glenn et al. did not examine whether testosterone × cortisol
interactions occurred speciﬁcally in men or women. Although this
study suggests a reversal of the dual hormone hypothesis, it is not
the ﬁrst study to show this reversed effect (see [14]). Denson
et al. reasoned that this reversal of these effects occurred because
high cortisol individuals show increased reactive aggression in response to provocation. This reasoning is consistent with the ﬁndings of Geniole, Carré, and McCormick [19], who found that
socially excluded men with both high basal testosterone and high
basal cortisol show the highest levels of reactive aggression. Since
undergraduates show more reactive aggression than instrumental
aggression (Falkenbach, Poythress, Creevy, [69]), cortisol may be
positively associated with psychopathy in nonclinical samples, but
negatively associated with psychopathy in clinical samples (as
found by [9,36]). However, other studies have failed to ﬁnd a relationship between cortisol and psychopathy [16,21]. Notably, both
of the studies showing negative associations with psychopathy
and cortisol include samples with relatively high levels of psychopathy (i.e. clinical sample, prison sample) compared to nonclinical
samples.
The ﬁnding that psychopathy was associated with high testosterone
and high cortisol in men is consistent with a recent report that adolescent males with high levels of psychopathy have a higher coupling of
both testosterone and cortisol [27]. Both this ﬁnding and the current research suggest that the mutually-inhibitory effects of the HPA and HPG
axes (e.g. [60]) may not occur when males have higher levels of psychopathy. More research is needed to investigate whether individual
differences, including psychopathy, modulate cross-talk between the
HPA and HPG axes.
The current ﬁndings may help to provide further bridging of the interface between psychopathy and testosterone, given that both psychopathy and aggression have several similar neurological correlates.
Psychopathy has been linked to alterations in the functioning of the
amygdala, ventral striatum, and ventromedial prefrontal cortex [4]. Relatedly, testosterone has been associated with increased amygdala reactivity to angry faces [26], decreased orbital frontal cortex responses to
social provocation [37] and heightened ventral striatum reactivity to reward [24]. Carré et al. [6,7] also found that amygdala reactivity to fearful
faces was negatively associated to the interpersonal facet of the SRP,

whereas amygdala reactivity to angry facial expression was positively
associated with the lifestyle facet of the SRP.
This work is not without limitations. Due to the correlation nature of the study, it is not possible to infer whether testosterone
and cortisol can increase psychopathy, are associated with psychopathy, or are by-products of psychopathy. Future experimental
research is needed to determine the causal direction of this relationship. Given that pharmacological manipulations of testosterone
have found to reduce empathetic behavior [25] generosity [67],
and increase amygdala and hypothalamic reactivity to social threats
[26], it may be possible that testosterone is also causal agent in
heightened psychopathy.
The nonclinical sample used in our study was adequate for testing
variability in normal population levels of psychopathic traits. However, because investigating individuals with clinical psychopathy is
useful for applied clinical purposes, future research will beneﬁt
from assessing the extent to which testosterone and cortisol predict
psychopathy dimensions, empathic functioning, and other correlates
of psychopathy in a wide variety of samples. Our sample did not
contain many individuals with clinically-signiﬁcant levels of psychopathy. Examining differences between clinical psychopaths and
non-psychopaths could potentially reveal more robust effects of
testosterone and cortisol interactions. Inclusion of clinical level psychopaths with the population may also reveal a nonlinear relationship between cortisol and psychopathy. In this study, baseline
testosterone and cortisol were related to variability in psychopathic
traits in men. Building on our ﬁndings and those of others, future research is needed to further elucidate the interaction of testosterone
and cortisol to co-regulate antisocial behaviors and psychopathy, as
well as establish mediating neural and empathic mechanisms of
the effects of testosterone and cortisol on psychopathy [68].

References
[1] Andershed H, Kerr M, Stattin H, Levander S. Psychopathic traits in non-referred youths:
a new assessment tool. In: Blaauw E, Sheridan L, editors. Psychopaths: current international perspectives. The Hague, The Netherlands: Elsevier; 2002. p. 131–58.
[2] Archer J, Graham-Kevan N, Davies M. Testosterone and aggression: a reanalysis of
Book, Starzyk, and Quinsey's (2001) study. Aggress Violent Behav 2005;10:241–61.
http://dx.doi.org/10.1016/j.avb.2004.01.001.
[3] Benning SD, Patrick CJ, Iacono WG. Psychopathy, startle blink modulation, and
electrodermal reactivity in twin men. Psychophysiology 2005;42(6):753–62.
http://dx.doi.org/10.1111/j.1469-8986.2005.00353.x.
[4] Blair RJR. The amygdala and ventromedial prefrontal cortex in morality and psychopathy. Trends Cogn Sci 2007;11(9):387–92. http://dx.doi.org/10.1016/j.tics.2007.07.003.
[5] Blair RJR, Cipolotti L. Impaired social response reversal. A case of ‘acquired sociopathy’.
Brain 2000;123(6):1122–41. http://dx.doi.org/10.1093/brain/123.6.1122.
[6] Carré JM, Campbell JA, Lozoya E, Goetz SMM, Welker KM. Changes in testosterone mediate the effect of winning on subsequent aggressive behavior.
Psychoneuroendocrinology 2013;38(10):2034–41. http://dx.doi.org/10.1016/
j.psyneuen.2013.03.008.
[7] Carré JM, Hyde LW, Neumann CS, Viding E, Hariri AR. The neural signatures of distinct psychopathic traits. Soc Neurosci 2013;8(2):122–35. http://dx.doi.org/
10.1080/17470919.2012.703623.

K.M. Welker et al. / Physiology & Behavior 129 (2014) 230–236
[8] Carré JM, Mehta PH. Importance of considering testosterone–cortisol interactions in predicting human aggression and dominance. Aggress Behav
2011;37:1–3. http://dx.doi.org/10.1002/ab.20407.
[9] Cima M, Smeets T, Jelicic M. Self-reported trauma, cortisol levels, and aggression in
psychopathic and non-psychopathic prison inmates. Biol Psychol 2008;78(1):75–86.
http://dx.doi.org/10.1016/j.biopsycho.2007.12.011.
[10] Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hillsdale, NJ:
Erlbaum; 1988.
[11] Cornell DG, Warren J, Hawk G, Stafford E, Oram G, Pine D. Psychopathy in instrumental and reactive violent offenders. J Consult Clin Psychol 1996;64(4):783–90.
http://dx.doi.org/10.1037/0022-006x.64.4.783.
[12] Dabbs JM, Jurkovic GJ, Frady RL. Salivary testosterone and cortisol among late adolescent male offenders. J Abnorm Child Psychol 1991;19(4):469–78. http://dx.doi.org/
10.1007/bf00919089.
[13] Daitzman R, Zuckerman M. Disinhibitory sensation seeking, personality and gonadal
hormones. Personal Individ Differ 1980;1(2):103–10. http://dx.doi.org/10.1016/
0191-8869(80)90027-6.
[14] Denson TF, Mehta PH, Ho Tan D. Endogenous testosterone and cortisol jointly inﬂuence reactive aggression in women. Psychoneuroendocrinology 2013;38(3):416–24.
http://dx.doi.org/10.1016/j.psyneuen.2012.07.003.
[15] Edwards DA, Casto KV. Women's intercollegiate athletic competition: cortisol, testosterone, and the dual-hormone hypothesis as it relates to status among teammates.
Horm Behav 2013;64(1):153–60. http://dx.doi.org/10.1016/j.yhbeh.2013.03.00.
[16] Feilhauer J, Cima M, Korebrits A, Nicholson NA. Salivary cortisol and psychopathy dimensions in detained antisocial adolescents. Psychoneuroendocrinology
2013;38(9):1586–95. http://dx.doi.org/10.1016/j.psyneuen.2013.01.005.
[17] Frick PJ, Morris AS. Temperament and developmental pathways to conduct problems. J Clin Child Adolesc Psychol 2004;33:54–68. http://dx.doi.org/10.1207/
S15374424JCCP3301_6.
[18] Gendreau P, Goggin C, Smith P. Is the PCL-R really the unparalleled measure of offender risk?: A lesson in knowledge accumulation. Crim Justice Behav
2002;29:397–426. http://dx.doi.org/10.1177/0093854802029004004.
[19] Geniole SN, Carré JM, McCormick CM. State, not trait, neuroendocrine
function predicts costly reactive aggression in men after social exclusion
and inclusion. Biol Psychol 2011;87:137–45. http://dx.doi.org/10.1016/
j.biopsycho.2011.02.020.
[20] Glenn AL, Raine A, Schug RA, Gao Y, Granger DA. Increased testosterone-to-cortisol
ratio in psychopathy. J Abnorm Psychol 2011;120(2):389–99. http://dx.doi.org/
10.1037/a0021407.
[21] Gowin JL, Green CE, Alcorn JL, Swann AC, Moeller FG, Lane SD. The role of cortisol
and psychopathy in the cycle of violence. Psychopharmacology (Berl)
2013;227(4):661–72. http://dx.doi.org/10.1007/s00213-013-2992-1.
[22] Hare RD, Neumann CS. Psychopathy as a clinical and empirical construct. Annu Rev Clin
Psychol 2008;4:217–46. http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452.
[23] Hemphill JF, Hare RD, Wong S. Psychopathy and recidivism: a review. Leg Criminol
Psychol 1998;3:139–70. http://dx.doi.org/10.1111/j.2044-8333.1998.tb00355.x.
[24] Hermans EJ, Bos PA, Ossewaarde L, Ramsey NF, Fernandez G, van Honk J. Effects of
exogenous testosterone on the ventral striatal BOLD response during reward anticipation in healthy women. Neuroimage 2010;52(1):277–83. http://dx.doi.org/
10.1016/j.neuroimage.2010.04.019.
[25] Hermans EJ, Putman P, van Honk J. Testosterone reduces empathetic mimicking in healthy young women. Psychoneuroendocrinology 2006;31:859–66.
http://dx.doi.org/10.1016/j.psyneuen.2006.04.002.
[26] Hermans EJ, Ramsey NF, van Honk J. Exogenous testosterone enhances responsiveness to social threat in the neural circuitry of social aggression in humans. Biol Psychiatry 2008;63(3):263–70. http://dx.doi.org/10.1016/j.biopsych.2007.05.013.
[27] Johnson MM, Dismukes AR, Vitacco MJ, Breiman C, Fleury D, Shirtcliff EA. Psychopathy's
inﬂuence on the coupling between hypothalamic–pituitary–adrenal and –gonadal axes
among incarcerated adolescents. Dev Psychobiol 2014;56:448–58. http://dx.doi.org/
10.1002/dev.21111.
[28] Josephs R, Sellers J, Newman M, Mehta P. The mismatch effect: when testosterone
and status are at odds. J Pers Soc Psychol 2006;90:999–1013. http://dx.doi.org/
10.1037/0022-3514.90.6.999.
[29] Kochanska G. Toward a synthesis of parental socialization and child temperament in
early development of conscience. Child Dev 1993;64:325–47. http://dx.doi.org/
10.1111/j.1467-8624.1993.tb02913.x.
[30] Kochanska G. Multiple pathways to conscience for children with different temperaments from toddlerhood to age 5. Dev Psychol 1997;33:228–40. http://dx.doi.org/
10.1037/0012-1649.33.2.228.
[31] Leistico AR, Salekin RT, DeCoster J, Rogers R. A large-scale meta-analysis relating
the Hare measures of psychopathy to antisocial conduct. Law Hum Behav
2008;32(1):28–45. http://dx.doi.org/10.1007/s10979-007-9096-6.
[32] Lykken DT. The antisocial personalities. Hillsdale: Lawrence Erlbaum Associates;
1995.
[33] Lynam DR, Gaughan ET, Miller JD, Miller DJ, Mullins-Sweatt S, Widiger TA. Assessing
the basic traits associated with psychopathy: development and validation of the elemental psychopathy assessment. Psychol Assess 2011;23:108–24. http://dx.doi.org/
10.1037/a0021146.
[34] Mahmut MK, Menictas C, Stevenson RJ, Homewood J. Validating the factor structure
of the Self-Report Psychopathy Scale in a community sample. Psychol Assess
2011;23:670–8. http://dx.doi.org/10.1037/a0023090.
[35] Mazur A, Booth A. Testosterone and dominance in men. Behav Brain Sci
1998;21(3):353–97. http://dx.doi.org/10.1017/S0140525X98001228.
[36] McBurnett K, Lahey BB, Rathouz PJ, Loeber R. Low salivary cortisol and persistent
aggression in boys referred for disruptive behavior. Arch Gen Psychiatry
2000;57:38–43. http://dx.doi.org/10.1001/archpsyc.57.1.38.

235

[37] Mehta PH, Beer J. Neural mechanisms of the testosterone–aggression relation: the role
of orbitofrontal cortex. J Cogn Neurosci 2010;22(10):2357–68. http://dx.doi.org/
10.1162/jocn.2009.21389.
[38] Mehta PH, Josephs RA. Testosterone and cortisol jointly regulate dominance: evidence
for a dual-hormone hypothesis. Horm Behav 2010;58(5):898–906. http://dx.doi.org/
10.1016/j.yhbeh.2010.08.020.
[39] Mehta P, Wuehrmann E, Josephs R. When are low testosterone levels advantageous?
The moderating role of individual versus intergroup competition. Horm Behav
2009;56:158–62. http://dx.doi.org/10.1016/j.yhbeh.2009.04.001.
[40] Neal TMS, Selbom M. Examining the factor structure of the Hare Self-Report Psychopathy (SRP) Scale. J Pers Assess 2012;94:244–53.
[41] Neumann CS, Pardini D. Factor structure and construct validity of the Self-Report
Psychopathy (SRP) Scale and the Youth Psychopathic Traits Inventory (YPI) in
young men. J Pers Disord 2012. http://dx.doi.org/10.1521/pedi_2012_26_063
[Epub ahead of print].
[42] Neumann CS, Schmitt DS, Carter R, Embley I, Hare RD. Psychopathic traits in females
and males across the globe. Behav Sci Law 2012;30(5):557–74.
[43] Neumann CS, Uzieblo K, Crombez G, Hare RD. Understanding the Psychopathic Personality Inventory (PPI) in terms of the unidimensionality, orthogonality, and construct validity of PPI-I and -II. Pers Disord Jan 2013;4(1):77–9. http://dx.doi.org/
10.1037/a0027196.
[44] Newman M, Sellers J, Josephs R. Testosterone, cognition, and social status. Horm
Behav 2005;47:205–11. http://dx.doi.org/10.1016/j.yhbeh.2004.09.008.
[45] O'Leary MM, Loney BR, Eckel LA. Gender differences in the association between
psychopathic personality traits and cortisol response to induced stress.
Psychoneuroendocrinology 2007;32(2):183–91. http://dx.doi.org/10.1016/
j.psyneuen.2006.12.004.
[46] O'Leary MM, Taylor J, Eckel L. Psychopathic personality traits and cortisol response
to stress: the role of sex, type of stressor, and menstrual phase. Horm Behav
2010;58(2):250–6. http://dx.doi.org/10.1016/j.yhbeh.2010.03.009.
[47] Patrick CJ. Emotion and psychopathy: startling new insights. Psychophysiology
1994;31(4):319–30. http://dx.doi.org/10.1111/j.1469-8986.1994.tb02440.x.
[48] Patrick CJ, Bradley MM, Lang PJ. Emotion in the criminal psychopath: startle reﬂex
modulation. J Abnorm Psychol 1993;102(1):82–92. http://dx.doi.org/10.1037/
0021-843X.102.1.82.
[49] Paulhus DL, Neumann CS, Hare RD. Manual for the Hare Self-Report Psychopathy
scale. Toronto, ON, Canada: Multi-Health Systems; 2014 [in press].
[50] Piro C, Fraioli F, Sciarra P, Conti C. Circadian rhythm of plasma testosterone,
cortisol, and gonadotropins in normal male subjects. J Steroid Biochem
1973;4(3):321–9.
[51] Popma A, Vermeiren R, Geluk CAML, Rinne T, van den Brink W, Knol DL, et al. Cortisol moderates the relationship between testosterone and aggression in delinquent
male adolescents. Biol Psychiatry 2007;61(3):405–11. http://dx.doi.org/10.1016/
j.biopsych.2006.06.006.
[52] Preacher KJ, Curran PJ, Bauer DJ. Computational tools for probing interaction
effects in multiple linear regression, multilevel modeling, and latent curve
analysis. J Educ Behav Stat 2006;31:437–48. http://dx.doi.org/10.3102/
10769986031004437.
[53] Ronay R, Carney DR. Testosterone's negative relationship with empathic accuracy and perceived leadership ability. Soc Psychol Personal Sci 2013;4:92–9.
http://dx.doi.org/10.1177/1948550612442395.
[54] Schulkin J, Gold PW, McEwen BS. Induction of corticotropin-releasing hormone gene expression by glucocorticoids: implication for understanding the
states of fear and anxiety and allostatic load. Psychoneuroendocrinology
1998;23(3):219–43. http://dx.doi.org/10.1016/S0306-4530(97)00099-1.
[55] Seara-Cardoso A, Neumann C, Roiser J, McCrory E, Viding E. Investigating associations between empathy, morality and psychopathic personality traits in the general
population. Pers Individ Differ 2012;52(1):67–71. http://dx.doi.org/10.1016/
j.paid.2011.08.029.
[56] Shirtcliff EA, Vitacco MJ, Graf AR, Gostisha AJ, Merz JL, Zann-Waxler C. Neurobiology
of empathy and callousness: implications for the development of antisocial behavior.
Behav Sci Law 2009;27(2):137–71. http://dx.doi.org/10.1002/bsl.862.
[57] Stalenheim EG, Eriksson E, von Knorring L, Wide L. Testosterone as a biological marker in psychopathy and alcoholism. Psychiatry Res 1998;77:79–88. http://dx.doi.org/
10.1016/S0165-1781(97)00143-1.
[58] Terburg D, Morgan B, van Honk J. The testosterone–cortisol ratio: a hormonal marker for proneness to social aggression. Int J Law Psychiatry 2009;32(4):216–23.
http://dx.doi.org/10.1016/j.ijlp.2009.04.008.
[59] van Honk J, Schutter DJ, Bos PA, Kruijt A, Lentjes EG, Baron-Cohen S. Testosterone administration impairs cognitive empathy in women depending on second-to-fourth
digit ratio. Proc Natl Acad Sci U S A 2011;108(8):3448–52. http://dx.doi.org/
10.1073/pnas.1011891108.
[60] Viau V. Functional cross-talk between the hypothalamic–pituitary–gonadal and –adrenal axes. J Neuroendocrinol 2002;14:506–13. http://dx.doi.org/10.1046/j.13652826.2002.00798.x.
[61] Visser BA, Ashton MC, Pozzebon JA. Is low anxiety part of the psychopathy
construct? J Pers 2012;80(3):725–47. http://dx.doi.org/10.1111/j.14676494.2011.00745.x.
[62] Walters GD. Predicting institutional adjustment and recidivism with the Psychopathy Checklist Factor Scores: a meta-analysis. Law Hum Behav 2003;27:541–58.
http://dx.doi.org/10.1023/A:1025490207678.
[63] Watt BD, Brooks NS. Self-report psychopathy in an Australian community sample. Psychiatry Psychol Law 2012;19(3):389–401. http://dx.doi.org/10.1080/
13218719.2011.585130.
[64] Wilcox RR. Fundamentals of modern statistical methods: substantially improving
power and accuracy. New York: Springer-Verlag; 2001.

236

K.M. Welker et al. / Physiology & Behavior 129 (2014) 230–236

[65] Williams KM, Paulhus DL, Hare RD. Capturing the four-factor structure of psychopathy in college students via self-report. J Pers Assess 2007;88(2):205–19.
http://dx.doi.org/10.1080/00223890701268074.
[66] Yildirim BO, Derksen JJL. A review on the relationship between testosterone and the
interpersonal/affective facet of psychopathy. Psychiatry Res 2012;197:181–98.
http://dx.doi.org/10.1016/j.psychres.2011.08.016.
[67] Zak PJ, Kurzban R, Ahmadi S, Swerdloff RS, Park J, et al. Testosterone administration decreases generosity in the ultimatum game. PLoS One 2009;4(12):e8330.
http://dx.doi.org/10.1371/journal.pone.0008330.

[68] Zyphur M, Narayanan J, Koh G, Koh D. Testosterone-status mismatch lowers
collective efﬁcacy in groups: evidence from a slope-as-predictor multilevel
structural equation model. Organ Behav Hum Decis Process 2009;110:70–9.
http://dx.doi.org/10.1016/j.obhdp.2009.05.004.
[69] Falkenbach D, Poythress N, Creevy C. The exploration of subclinical psychopathic
subtypes and the relationship with types of aggression. Personal Individ Differ
2008;44(4):821–32.

