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The Social Endocrinology of Dominance: Basal Testosterone Predicts
Cortisol Changes and Behavior Following Victory and Defeat

Pranjal H. Mehta, Amanda C. Jones, and Robert A. Josephs
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Past research suggests that individuals high in basal testosterone are motivated to gain high status. The
present research extends previous work by examining endocrinological and behavioral consequences of
high and low status as a function of basal testosterone. The outcome of a competition—victory versus
defeat—was used as a marker of status. In Study 1, high testosterone men who lost in a dog agility
competition rose in cortisol, whereas high testosterone men who won dropped in cortisol. Low testos-
terone men’s cortisol changes did not depend on whether they had won or lost. Study 2 replicated this
pattern of cortisol changes in women who participated in an experimental laboratory competition, and
Study 2 extended the cortisol findings to behavior. Specifically, high testosterone winners chose to repeat
the competitive task, whereas high testosterone losers chose to avoid it. In contrast, low testosterone
winners and losers did not differ in their task preferences. These results provide novel evidence in
humans that basal testosterone predicts cortisol reactivity and behavior following changes in social status.
Implications for the social endocrinology of dominance are discussed.
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Social groups are often organized into status hierarchies, with
some individuals earning higher status over others. Competitions
are an important means for determining status within a hierarchy.
In contemporary human societies, for example, individuals com-
pete for status through physical fights, verbal arguments, contests,
and sports competitions. The benefits of winning in competition
are clear—an individual will rise in social status and gain access to
limited resources (Barton & Whiten, 1993; Buss, 2003; De Waal,
1998; Furuichi, 1983; Marmot, Shipley, & Rose, 1984; Sapolsky,
1983; van Noordwijk & van Schaik, 1999). This rise in status,
however, might also come with costs. For instance, individuals in
high status positions often experience more social conflicts (Goy-
man & Wingfield, 2004) and negative health consequences (Mul-
ler & Wrangham, 2004; Noser, Gygax, & Tobler, 2003; Schieman,
Whitestone, & Van Gundy, 2006). Thus, high status may not
appeal to everyone because the benefits may be outweighed by the
physical and psychological costs. So is there an individual differ-
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ence variable that determines who is motivated to gain high status
and who is not? And might this individual difference variable
predict how individuals react to gaining or losing status? In the
present research, we tested whether individual differences in basal
testosterone (T) would predict endocrinological and behavioral
consequences of gaining or losing status in competition.

T and Dominance

The large literature on hormones and social behavior indicates
that T levels are associated with dominance—behaviors intended
to gain or maintain high status (Mazur & Booth, 1998). Both
naturally occurring and experimentally elevated levels of T are
positively associated with social rank and dominant behaviors in a
variety of species, including primates (chimpanzees, Anestis,
2006; baboons, Beehner, Bergman, Cheney, Seyfarth, & Whitten,
2006, and Sapolsky, 1991; lemurs, Cavigelli & Pereira, 2000;
squirrel monkeys, Coe, Mendoza, & Levine, 1979; sifakas, Kraus,
Heistermann, & Keppeler, 1999; Muller & Wrangham, 2004), as
well as many other animals (e.g., birds, Collias, Barfield, &
Tarvyd, 2002; fish, Oliveira, Almada, & Canario, 1996; lambs,
Ruiz-de-la-Torre & Manteca, 1999). This relationship between T
and dominance tends to emerge most strongly during periods of
social instability. In his research in wild baboons, for example,
Sapolsky (1991) demonstrated that T predicted status-related be-
haviors when the status hierarchy was unstable (after the alpha
male was crippled in fighting and social competition broke out).
When the hierarchy was stable, however, T and behavior were
unrelated. This basic pattern of results has been found in a number
of other species (fish, Oliveira, Almada, & Canario, 1996; lambs,
Ruiz-de-la-Torre & Manteca, 1999; birds, Wingfield, Hegner,
Dufty, & Ball, 1990). In Ruiz-de-la-Torre and Manteca’s (1991)
study of lambs, for instance, males injected with T increased in
dominant behaviors only after they were placed in a group of
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unfamiliar lambs and not when they were placed back in their
original social group. Taken together, the animal literature sug-
gests that when social status is uncertain, high T levels motivate
individuals to seek out higher status.

The association between higher T and dominance has also been
extended to humans. For instance, people high in basal T tend to
be more aggressive and more socially dominant than individuals
low in basal T (Archer, 2006; Archer, Birring, & Wu, 1998;
Cashdan, 1995; Grant & France, 2001; Jones & Josephs, 2006;
Josephs, Newman, Brown, & Beer, 2003; Josephs, Sellers, New-
man, & Mehta, 2006; Mazur & Booth, 1998; Newman, Sellers, &
Josephs, 2005; Sellers, Mehl, & Josephs, 2007; Tremblay et al.,
1998). T also increases vigilance toward dominance cues, such as
angry, threatening faces (van Honk et al., 1999; Wirth & Schul-
theiss, 2007), and decreases vigilance toward submissive cues,
such as fearful faces (van Honk, Peper, & Schutter, 2005). These
effects of T on attention seem to be strongest when dominance—
submission cues are presented outside conscious awareness (e.g.,
van Honk et al., 2005; Wirth & Schultheiss, 2007), suggesting that
the relationship between T and dominant behaviors may be medi-
ated, at least in part, by subconscious motivational and attentional
processes.

T levels, when measured around the same time of day, are
temporally stable across 5 days (Sellers et al., 2007), 8 weeks
(Dabbs, 1990), or even 1 year (Granger, Shirtcliff, Booth, Kiv-
lighan, & Schwartz, 2004). T levels also have a substantial genetic
component. Twin studies suggest that genes explain approximately
66% of the variance in men’s T concentrations and approximately
41% of the variance in women’s T concentrations (Harris, Vernon,
& Boomsma, 1998). Other studies have identified specific genetic
polymorphisms that are related to T levels (CAG repeat polymor-
phism in the androgen receptor gene, Crabbe et al., 2007; CYP19
aromatase gene, Schilling et al., 2007).

Environmental factors also influence basal T. For example,
previous experiences with victory and defeat can affect T concen-
trations prior to a subsequent competition (Booth, Shelley, Mazur,
Tharp, & Kittok., 1989; Mazur, Booth, & Dabbs, 1992). T also
fluctuates before, during, and after competition (Booth et al., 1989;
Elias, 1981; Gladue, Boechler, & McCaul, 1989; Mazur et al.,
1992; Mazur & Lamb, 1980; McCaul, Gladue, & Joppa, 1992;
Suay et al., 1999; van Anders & Watson, 2007a). These
competition-induced changes in T last several hours (Booth et al.,
1989; Elias, 1981; Gladue et al., 1989; Mazur & Lamb, 1980) but
may persist for multiple days or weeks during a series of compet-
itive events (Booth et al., 1989; Mazur et al., 1992). Other envi-
ronmental factors, including chronic stress (Sapolsky, 1985) and
relationship status (Mclntyre et al., 2006; van Anders & Watson,
2007b), also affect T levels. Overall, the evidence suggests that
both genetic and environment factors influence basal T.

The relationship between basal T and dominance has been
further demonstrated through experimental studies in which social
status is manipulated (Josephs et al., 2003; 2006; Newman et al.,
2005). One widely employed method for manipulating status is to
assign individuals to victory and defeat in competitive social
interactions (Gladue et al., 1989; Keeney et al., 2006; Kramer,
Hiemke, & Fuchs, 1999; Mehta & Josephs, 2006; Overli, Harris, &
Winberg, 1999; Schultheiss et al., 2005). Consistent with this
research, Josephs et al. (2006) randomly assigned humans to high
and low status by rigging the outcome of a cognitive-based labo-
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ratory competition. The findings indicate that high T individuals
function better in high status positions than in low status ones.
Specifically, high T individuals paid more attention to status cues,
became dysphoric, and performed poorly on complex cognitive
tasks after defeat but paid less attention to status cues, showed no
evidence of dysphoria, and performed well on complex cognitive
tasks after victory. This pattern of findings has been replicated
with different status manipulations (Josephs et al., 2003; Study 2,
Josephs et al., 2006; Newman et al., 2005). Taken together, this
literature suggests that high T individuals are driven to rise in
status; when they achieve high status, high T individuals experi-
ence pleasure and adaptive functioning (e.g., good cognitive per-
formance), but when they fail to achieve high status, high T
individuals experience dysphoria and maladaptive functioning
(e.g., poor cognitive performance).

Across these same studies, low T individuals reacted very dif-
ferently to changes in status. In some of the studies, low T
individuals® reactions to high and low status were similar to
control conditions (Josephs et al., 2003; Newman et al., 2005),
suggesting that they do not have the same strong drive for status
that high T individuals have. But in other studies, low T individ-
uals reacted more negatively to high status than to low status.
Specifically, low T participants were hypervigilant to status cues,
showed elevated cardiovascular arousal, and performed poorly on
complex cognitive tasks in a high status position but not in a low
status position (Josephs et al., 2006). These latter findings suggest
that low T individuals might actually prefer low status and actively
avoid high status. As Josephs and colleagues (2006) argued, low T
individuals “might shun high status positions . . . because they lack
a strong power motive ... they lack a dominating, aggressive
personality . .. and they may not believe they have what it takes
physically to maintain such positions” (p. 1001). Thus, when low
T individuals are thrust into a high status position, they may
experience arousal and maladaptive functioning out of a desire to
return to a more comfortable and safer position of low status.

The bulk of the research on T and dominance has been con-
ducted in men, but a small, growing literature suggests that T may
also tap into dominance in women. For example, women’s basal T
predicts aggressive and dominant behaviors (Dabbs & Hargrove,
1997; Dabbs, Ruback, Frady, & Hopper, 1988), social status
(Edwards, Wetzel, & Wyner, 2006), and cognitive impairment
after status threats (Josephs et al., 2003; Newman et al., 2005). In
the few studies that examined the interaction between basal T and
status with mixed-sex samples, no evidence for sex differences
were found (Josephs et al., 2006), indicating that similar to high T
men, high T women react negatively to low status but not to high
status. Other research, however, shows sex differences in the
association between T and dominance, with many effects estab-
lished in men failing to replicate in women (Bateup, Booth, Shirt-
cliff, & Granger, 2002; Edwards et al., 2006; Kivlighan, Granger,
& Booth, 2005; Mazur, Susman, & Edelbrock, 1997). These sex
differences may be due to basic physiological differences in T
production. Whereas T in men is produced primarily by the gonads
and to a lesser extent by the adrenal glands, T in women is
produced by the adrenal glands and the ovaries. Furthermore, some
evidence suggests that T may be less temporally stable in women
than in men (Granger et al., 2004; Sellers et al., 2007).

To date, studies testing the predictive validity of basal T on
reactions to high and low status have examined only a few out-
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come measures, namely, affectivity, cardiovascular arousal, and
cognition. But clearly, if basal T taps into the motivation to gain
status then basal T should predict a variety of important outcomes.
The goal in the present research was to expand on these initial
studies with the aim of testing the relationship between basal T and
status preference in important and previously untested domains. In
particular, we examined whether basal T would predict individu-
als’ cortisol changes and approach—avoidance behaviors following
social victory and defeat.

Basal T, Social Status, and Cortisol Changes

The steroid hormone cortisol is released by the hypothalamic—
pituitary—adrenal (HPA) axis in response to physical exertion
(Mastorakos, Pavlatou, Diamanti-Kandarakis, & Chrousos, 2005)
and psychological stress (Dickerson & Kemeny, 2004). States such
as hypoglycemia (Davis, Shavers, Costa, & Mosqueda-Garcia,
1996) and psychological engagement (Mason et al., 2001; Nes,
Segerstrom, & Sephton, 2005; Tops, Boksem, Wester, Loris, &
Meijman, 2006) increase cortisol as well, whereas psychological
relaxation (Teixeira, Martin, Prendiville, & Glover, 2005) and
disengagement (Mason et al., 2001; Tops et al., 2006) decrease
cortisol. The primary physiological function of cortisol is to mo-
bilize energy (glucose) and down-regulate other physiological
systems, such as immune and digestive systems (Sapolsky, 1998).
Prolonged cortisol activation has been linked to a variety of
negative health consequences, including hypertension, impaired
immune functioning, and memory loss (Sapolsky, 1998; Seger-
strom & Miller, 2004). Therefore, an understanding of the types of
events that lead to cortisol fluctuations may help shed light on the
development and progression of important physical and mental
health outcomes.

One social stressor in particular that can activate the HPA axis
in a variety of species is low social status. Indeed, social defeat
after competitive encounters raises cortisol in fish (Overli, Harris,
& Winberg, 1999), mice (Keeney et al., 2006), and tree shrews
(Kramer, Hiemke, & Fuchs, 1999). Naturalistic studies of baboons
also reveal that low-ranking males have higher basal cortisol levels
than do high-ranking males (Virgin & Sapolsky, 1997). But the
evidence in humans that low status elevates cortisol is more mixed.
Although some studies found that defeat increases cortisol relative
to victory (e.g., Bateup et al., 2002), other studies failed to find
such differences (McCaul, et al., 1992; Mehta & Josephs, 2006;
Salvador et al., 2003; Suay et al., 1999; Wirth, Welsh, & Schul-
theiss, 2006). These null findings suggest that there may be vari-
ation across individuals in who rises and who falls in cortisol
following dominance contests (cf. Wirth et al., 2006). Given its
empirical links to dominance and motivation to gain status, basal
T levels might be an important predictor of cortisol reactivity to
social victory and defeat.

A large literature has already examined T-cortisol relationships
in social settings, but most of these studies have focused on the
effects of cortisol on T. Across both naturalistic and experimental
animal studies, it has been well-established that chronic stress can
cause drops in T levels, which is at least partially driven by
increases in glucocorticoids—including cortisol— following the
stressor (Orr & Mann, 1992; Sapolsky, 1985). Very few studies,
however, have explored the reciprocal relationship: whether basal
T influences cortisol responses to stressors. The few animal studies

MEHTA, JONES, AND JOSEPHS

on this topic suggest that basal T does affect HPA responses to
certain stressors, such as restraint stress in rats (e.g., Viau &
Meany, 1996; Viau, 2002). But no research to date, in animals or
in humans, has tested whether basal T levels might predict HPA
axis activation following victory or defeat in dominance encoun-
ters.

Although basal T has not been tested as a moderator of cortisol
changes in competition, an individual difference variable closely
linked to basal T has been examined. In a recent series of studies,
Wirth and colleagues (2006) found that individual differences in
the implicit power motive—defined as the unconscious need to
have impact on others (McClelland, 1975)—moderated the effects
of victory and defeat on postcompetition cortisol changes in hu-
mans. Specifically, high power individuals rose in cortisol after
defeat and dropped in cortisol after victory. Conversely, low power
individuals rose in cortisol after victory and dropped in cortisol
after defeat. On the basis of these findings, Wirth and colleagues
concluded that individuals with the motivation to dominate others
find social defeat more stressful than victory, but individuals who
lack this motivation might find victory more stressful than defeat.

Past research has documented a small positive correlation be-
tween implicit power motive and basal T (Schultheiss et al., 2005),
suggesting that both constructs tap into motivation to gain or
maintain high status. This overlap between T and implicit power
motive, along with the large literature linking T to dominance,
suggests that basal T might also predict cortisol responses to
victory and defeat. That is, if high T individuals are indeed
motivated to gain status then they might rise in cortisol after defeat
because their goal of attaining high status has been thwarted.
Conversely, these same individuals might drop in cortisol after
victory because their goal of attaining high status has been
achieved.

Low T individuals might exhibit a different pattern of postcom-
petition cortisol changes than do high T individuals. As indicated
earlier, some previous studies found that low T individuals showed
similar reactions to high status, low status, and no change in status
(Josephs et al., 2003; Newman et al., 2005), suggesting that low T
individuals might show little to no change in cortisol after victory
and defeat. But in other studies, it was found that low T individuals
react more negatively to high status than to low status (Josephs et
al., 2006), suggesting that low T individuals might actually rise in
cortisol after victory and drop in cortisol after defeat.

Basal T, Social Status, and Approach—Avoidance
Behavior

Besides predicting cortisol changes, the interaction between
basal T and status might also be associated with subsequent
behavior. In particular, it seems possible that basal T might mod-
erate the effects of victory and defeat on an individual’s decision
to reapproach or avoid the same competitive task against the same
opponent following a competition. Although the interactive effect
of status and basal T on approach—avoidance behavior has not been
tested, other human studies have tested the interactive effect of
status and the implicit power motive—a construct related to basal
T—on learning. Schultheiss and colleagues (2005) found that high
power losers exhibited learning deficits on a task that was instru-
mental in leading to defeat, whereas high power winners exhibited
enhanced learning on a task that was instrumental in leading to



SOCIAL ENDOCRINOLOGY OF DOMINANCE 1081

victory. The authors argued that high power individuals were
rewarded by victory and punished by defeat, but low power indi-
viduals were not. On the basis of these findings linking implicit
power motive to learning and the initial evidence linking high
basal T to drive for high status, it seems plausible that high T
individuals who win in competition might choose to repeat the
competitive task because it was instrumental in leading to high
status. Conversely, high T individuals who lose in competition
might choose to avoid the competitive task because it was instru-
mental in leading to low status.

The Current Studies

In the present research, we sought to test whether the interaction
between basal T and status would predict cortisol changes and
behavior. The outcome of competition—victory versus defeat—
was used as a marker of status. Two studies tested whether basal
T moderates the effects of victory and defeat on cortisol changes.
In Study 1, we examined this question in a mixed-sex sample of
individuals who participated in a real-world dog agility competi-
tion, and in Study 2, we examined this question in a sample of
women who participated in an experimentally manipulated labo-
ratory competition. In both studies, we hypothesized that high T
individuals would increase in cortisol after defeat but would de-
crease in cortisol after victory. The design of Study 1 also allowed
us to test for sex differences in the interactive effect of basal T and
status on cortisol changes.

In Study 2, we further examined whether basal T moderates the
effects of victory and defeat on decisions to reapproach or avoid
the same competitive task against the same opponent. We hypoth-
esized that high T individuals would choose to repeat the compet-
itive task after victory but would choose to avoid the competitive
task after defeat.

We expected that low T individuals would show a different
pattern of cortisol changes and behaviors after victory and defeat
than would high T individuals. However, because the literature on
low T individuals has yielded inconsistent findings, we did not
make any specific predictions for them.

Study 1: Dog Agility Competition

The data for Study 1 were collected from individuals who
participated in a dog agility competition. In dog agility competi-
tions, each person (handler) guides his or her dog through an
obstacle course without leash or physical contact. This naturalistic
social setting provides several methodological benefits for re-
search on the neuroendocrinology of social status.

First, there are clear status consequences associated with win-
ning and losing because of the real-world nature of the competi-
tion. Handlers are likely highly invested in their team’s perfor-
mance. In fact, many handler—dog teams train for weeks, if not
month, prior to the competition. In addition, handlers compete in
front of a large audience of judges, spectators, and other compet-
itors. The public nature of the competition makes the status con-
sequences of winning and losing even more salient, in large part
because status is often defined by how individuals are perceived by
others in their peer group (Anderson, John, Keltner, & Kring,
2001). All in all, a dog agility competition represents an ideal
social setting for conducting research on social status.

Second, unlike several other competitive domains in which
either men or women participate, both sexes participate side by
side in dog agility competitions, allowing researchers to collect
high-powered mixed-sex samples quickly and efficiently. For the
purposes of the present research, the large sample of men and
women allowed us to test for sex differences in the interaction
between basal T and status on changes in cortisol.

In the dog agility competition that we examined, teams earned
points by completing the course quickly and with minimal faults
(e.g., deviations or improper maneuvers). Teams that earned a
minimum of 85 out of 100 points earned qualifying scores. In the
present research, teams that earned qualifying scores were consid-
ered to have won the competition, and teams that failed to earn
qualifying scores were considered to have lost the competition. We
collected saliva samples before and after the competition to test the
interactive effect of basal T and status on cortisol changes.

Method
Participants

Participants were 184 handlers (93 men, 91 women) who reg-
istered for a dog agility competition sponsored by the North
American Dog Agility Council. All but 10 women reported having
regular menstrual cycles; the 10 exceptions were menopausal. We
removed the 10 menopausal women from our data set because
endocrine functioning in menopausal women tends to differ from
endocrine functioning in premenopausal women (e.g., Alevizaki,
Saltiki, Mantzou, Anastasiou, & Huhtaniemi, 2006; Kajantie &
Phillips, 2006). Thirty-six handler—dog teams were disqualified
from the competition because they did not complete the course or
because they exhibited aberrant behaviors; these teams did not
receive a score at all. We removed these teams from our data set
because we could not consider them to have won or lost in the
competition. Our final data set included 140 participants: 83 men
(ages 20-65 years; M = 44.54 years, SD = 9.99 years; 43
winners, 40 losers) and 57 women (ages 32-57 years; M = 45.00
years, SD = 7.86 years; 16 winners, 41 losers). Eight of these 57
women were on birth control pills. None of the 140 participants
reported being on any other medications.

Procedure

Each participant provided a 2.5 mL saliva sample 90 min (M =
93.89; SD = 3.95) prior to the competition. The time of the first
sample for all participants was between 12:00 p.m. and 1:00 p.m.,
to control for circadian changes in T and cortisol levels (Touitou &
Haus, 2000). Participants then competed, leading their dogs
through the agility course as quickly as possible with as few
mistakes as possible. Judges, spectators, and other competitors
watched. The average time teams took to complete the course was
215 s (SD = 79 s). After all teams at a given level of competition
had finished, results of the competition were publicly posted.
Approximately 20 min (M = 20.39, SD = 3.05) after each team
had received these results, participants provided a second saliva
sample. This second saliva sample was provided approximately
2.5 hr (M = 147 min, SD = 6 min) after the first one. In order to
control for the effects of food intake on endocrine functioning,
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participants were asked not to eat or drink anything besides water
between the two saliva samples.

For both pre- and postcompetition saliva samples, participants
chewed sugar-free gum in order to stimulate salivation. Then they
passively drooled 2.5 mL of saliva into a sterile polypropylene
microtubule. Saliva samples were immediately frozen to avoid
hormone degradation and to precipitate mucins. For details about
the full procedure, see Jones and Josephs (2006).

Hormone Assays

Saliva was first thawed and separated from residuals (e.g.,
mucins) by thorough mixing by vortex followed by centrifugation
at 3,000 rpms for 15 min. Then the saliva samples were analyzed
for T and cortisol concentrations with enzyme immunoassay kits
purchased from Salimetrics (State College, Pennsylvania). The T
plates were coated with antibodies to T, and the cortisol plates
were coated with antibodies to cortisol. Samples were assayed at
least twice. We ran two in-house control samples in every assay.
Interassay coefficient of variation (CV) was 3.7% for T and 2.5%
for cortisol. If the intra-assay CV for a given sample was greater
than 7.5%, the sample was assayed again. This occurred for only
seven of the samples. The lower limit of detection (B, + 3SD) for
cortisol kits was .002 wg/dL. The lower limit of detection (B, +
3SD) for T kits was 4 pg/mL. Although T concentrations were
measured in both the first and the second saliva samples, only T
concentrations from the first saliva sample (basal T) are relevant to
the research questions addressed in the current article. Analyses for
change in T are not reported in this article, but interested readers
may refer to a previous publication for some selective analyses
concerning changes in T in men from this sample (Jones &
Josephs, 2006).

Results
Preliminary Analyses

Basal levels of T and basal levels of cortisol were measured
from the precompetition saliva sample (men’s basal T: M = 119.4
pg/mL, SD = 79.9 pg/mL; women’s basal T: M = 38.9 pg/mL,
SD = 35.1 pg/mL; men’s basal cortisol: M = .28 pwg/dL, SD = .15
png/dL; women’s basal cortisol: M = .27 wg/dL, SD = .13 pg/dL).
In previous research, it has been found that basal T is moderately
positively correlated with basal cortisol in both sexes (e.g., Gray,
Jackson, McKinlay, 1991; Popma et al., 2007; Vicennati et al.,
2006), perhaps reflecting overlap in adrenal release of both hor-
mones, especially in women. Consistent with this research, there
was a positive relationship between basal T and basal cortisol in
men, r(83) = .47, p < .01, and in women r(57) = 43, p < .0l.
Across the entire sample, basal cortisol was correlated with post-
competition cortisol, 7(140) = .45, p < .01, indicating that there
was moderate stability in cortisol levels. To control for sex differ-
ences in basal T, we standardized basal T scores separately for men
and women by converting the raw basal T scores for every par-
ticipant to z scores. High scores on this distribution indicated high
T levels relative to other individuals of the same sex.

Cortisol Change

To examine predictors of cortisol change, we employed regres-
sion analyses in which basal cortisol was entered as a covariate and

MEHTA, JONES, AND JOSEPHS

postcompetition cortisol was entered as the dependent variable.
Initial analyses with this analytical strategy found that variation in
the elapsed time between the two saliva samples did not predict
cortisol change and did not interact with basal T, gender, or
win/lose to predict cortisol changes (ps > .15). Hence, it was
excluded from subsequent statistical analyses.

We next tested the hypothesis that basal T would moderate the
effects of victory and defeat on postcompetition changes in corti-
sol. Specifically, we predicted that high T losers would rise in
cortisol but that high T winners would drop in cortisol. We did not
expect low T individuals to show this same pattern of cortisol
changes. To test these hypotheses and to test for sex differences,
we ran a hierarchical regression analysis with postcompetition
cortisol as the dependent variable and the following variables as
predictors: basal cortisol in Step 1; gender (dummy-coded as O for
men and 1 for women), the win/lose result (dummy-coded as O for
lose and 1 for win), and basal T in Step 2; the three two-way
interactions (Gender X Win/Lose, Gender X Basal T, Win/Lose X
Basal T) in Step 3; and the Gender X Win/Lose X Basal T
three-way interaction in Step 4. This analysis revealed a statisti-
cally significant three-way interaction (AR*> = 3.8%), F(1, 131) =
8.22, p < .01, indicating that there were sex differences.

To interpret this three-way interaction, we ran separate multiple
regression models in men and women. In both of these models, we
entered postcompetition cortisol as the dependent variable and the
following variables as predictors in a hierarchical regression: basal
cortisol in Step 1, the win/lose result (dummy-coded as O for lose
and 1 for win) in Step 2, basal T in Step 3, and the Win/Lose X
Basal T interaction in Step 4. In men, the results of this model
revealed that win/lose predicted cortisol changes (AR* = 16%),
F(1, 80) = 20.35, p < .001, such that men who lost increased in
cortisol relative to men who won (M pers = —-11, SEy,
025 My oeors = -03. SE; (ors = .02, based on postcompetition
cortisol minus basal cortisol scores). This main effect, however,
was qualified by a statistically significant Win/Lose X Basal T
interaction (AR* = 9.3%), F(1, 78) = 13.76, p < .001.

To interpret this two-way interaction found in men, we com-
puted change in cortisol scores by saving the unstandardized
residuals of a regression analysis with basal cortisol as the predic-
tor and postcompetition cortisol as the dependent variable. Then
we ran simple regressions in winners and losers separately. See
Figure 1. In support of the idea that high T individuals are
motivated to gain status, there was a positive relationship between
basal T and cortisol change in male losers (B = .43), in contrast
with a negative relationship between basal T and cortisol change in
male winners (3 = —.27). In addition to the statistically significant
difference in these slopes as indicated by the interaction term, the
positive slope in male losers was also statistically different from
zero, #(38) = 2.95, p < .01. As shown in Figure 1, these results
indicate that high T men rose in cortisol after defeat, but high T
men dropped in cortisol after victory. Low T men who won and
low T men who lost, however, did not differ in their cortisol
changes; both of these groups showed very slight drops in cortisol.

The results in women revealed no main effect for basal T but did
reveal a main effect for win/lose (AR?> = 10.2%), F(1, 54) = 7.78,
p < .01, indicating that women who won in the competition
dropped in cortisol relative to women who lost (Myy;pners = —-09,
SEwinners = 033 M| oeers = 00, SE| = .02, based on post-
competition cortisol minus basal cortisol scores). Inconsistent with

inners

osers
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Figure 1.

Study 1 regression slopes of precompetition testosterone predicting change in cortisol (pg/dL;

unstandardized residuals of postcompetition cortisol controlling for basal cortisol) in men. Low testosterone =
1 SD below the mean; high testosterone = 1 SD above the mean. Standardized beta for winners: § = —.27,p <

.10; standardized beta for losers: B = .43, p < .01.

our expectations, however, the Win/Lose X Basal T interaction
failed to reach statistical significance in women, F(1, 52) = 0.73,
p > .30. Excluding women on birth control still yielded a nonsig-
nificant interaction (p > .90). Overall, our analyses showed that
basal T moderated the effects of victory and defeat on cortisol
changes in men but not in women.

Cortisol change in handlers may have reflected physical exer-
tion during the competition. These differences in physical exertion
could potentially account for the effects of competition outcome
and basal T on cortisol changes. To test this alternative interpre-
tation, we examined one measure we thought should tap into
physical exertion: the time participants took to run the course. We
reasoned that running the course more quickly would be a marker
of greater physical exertion.

The time to complete the course was an important factor that
judges used to determine winners and losers, with faster times
leading to wins and slower times leading to losses, #(138) = 17.9,
p < 001 (MWinncrs = 138 S, SDWinncrs = 49 S; MLoscrs = 272 S,
SD/ geers = 39 s). The faster times in winners suggest that these
individuals showed greater physical exertion than did losers.
Therefore, if physical exertion was responsible for cortisol changes
in the present study, we would expect winners to have shown
greater increases in cortisol compared with losers. However, as
demonstrated by the analyses reported above, the exact opposite
effect emerged; winners dropped in cortisol, on average, relative to
losers. We next conducted a multiple regression in men with
postcompetition cortisol as the dependent variable and the follow-
ing variables as predictors: basal cortisol, win/lose, time to com-
plete the course, basal T, and the Win/Lose X Basal T interaction.
A statistically significant Win/Lose X Basal T interaction still
emerged (AR? = 9%), F(1,77) = 13.23, p < .001. We then ran the
same multiple regression analysis in women. The Win/Lose X
Basal T interaction still failed to reach statistical significance, F(1,
51) = 0.82, p > .30. These additional analyses demonstrate that
even when controlling for a measure of physical activity, the
findings in men and women stayed the same; basal T moderated

the effects of victory and defeat on cortisol changes in men but not
in women.

Discussion

Study 1 provides the first empirical evidence that men’s T levels
prior to competing predict cortisol changes following victory and
defeat. High T men who lost in the dog agility competition
increased in cortisol, but high T men who won decreased in
cortisol. In contrast, low T men who won and low T men who lost
did not differ in cortisol changes; both of these low T groups
showed very slight drops in cortisol. These findings extend previ-
ous research on T and status, which shows that low and high T
individuals differ in their affective, cognitive, and cardiovascular
responses to low and high status (Josephs et al., 2003; 2006;
Newman et al., 2005). Our results also provide greater support for
the hypothesis that basal T serves as a biological marker for
status-seeking motivation (Josephs et al., 2003, 2006; Mazur &
Booth, 1998; Newman et al., 2005; Sellers et al., 2007). Presum-
ably, high T men in the present study rose in cortisol after defeat
because they failed to gain the high status they desired, but high T
men dropped in cortisol after victory because their goal of attain-
ing high status had been achieved. And, presumably, low T men
did not have a strong preference for high status, and thus their
cortisol changes did not depend on whether they won or lost.

There are a number of underlying states that could account for
this pattern of cortisol changes. One possibility is that a cortisol
rise after defeat reflects psychological distress and anxiety (Dick-
erson & Kemeny, 2004) and a cortisol drop after victory reflects
relaxation (Teixeira et al., 2005). This explanation is consistent
with Josephs et al.”s (2006) findings that high T individuals had
higher negative affect after defeat than after victory. It is also
consistent with the large set of literature on cortisol activity and
dominance, which by and large interprets a cortisol rise after social
defeat as an indicator of psychological stress (e.g., Keeney et al.,
2006; Wirth et al., 2006).
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An alternative interpretation is that cortisol rises after defeat
may reflect a person’s mobilization to change his state of affairs.
After all, the primary physiological function of cortisol is to
mobilize glucose (Sapolsky, 1998). This interpretation is consis-
tent with Josephs et al. (2006)’s arguments that high T individuals
show strong negative reactions to a status loss because they are
motivated to regain high status; a rise in cortisol after defeat may
be a marker of this motivational state. Other psychological states
associated with HPA activity may have also led to the pattern of
postcompetition cortisol changes we found (e.g., engagement—
disengagement, effort, Mason et al., 2001; Nes, Segerstrom, &
Sephton, 2005; Tops et al., 2006). Follow-up studies that measure
psychological variables in addition to endocrinological ones can
determine which states are most likely to underlie cortisol re-
sponses in competitive social settings.

Although it is possible that physical exertion caused the pattern
of cortisol changes in the present study, our analyses suggest that
this is unlikely. According to our measure of physical exertion, the
time to complete the course, winners showed greater physical
exertion than losers. Therefore, winners should have increased in
cortisol over losers if physical exertion was the primary cause of
cortisol changes. But the exact opposite effect emerged; winners
dropped in cortisol relative to losers. Further analyses showed that
even when controlling for physical exertion, men’s T levels prior
to competing still predicted their cortisol responses to victory and
defeat. Even if physical exertion influenced a portion of the vari-
ance in cortisol changes, previous research suggested that the
physical and psychological effects of competition on hormone
changes are additive and nonredundant (Passelergue & Lac, 1999;
Suay et al., 1999). Overall then, it seems that cortisol changes in
the present study were driven, at least in part, by psychological
responses to changes in status. Nevertheless, our measure of phys-
ical exertion was not ideal, and an important effect of physical
exertion on cortisol responses cannot be ruled out completely.
Future studies should use more accurate measures (e.g., acceler-
ometers) to control for physical activity’s influence on endocrino-
logical changes in competition.

Given the empirical evidence demonstrating the temporal sta-
bility of T (Sellers et al., 2007), precompetition T levels are likely
a marker of basal T. However, it is likely that a portion of the
variance in precompetition T is the result of anticipatory T
changes. Several studies have shown that T prior to competition
can rise over baseline in some individuals (Suay et al., 1999). If
such anticipatory T changes also occurred in the present study,
then perhaps the findings in men can be explained by a combined
effect of basal T and anticipatory changes in T. A future study
would ideally measure T at a true resting baseline, such as on the
day before or after competition, in order to distinguish basal from
anticipatory changes in T as predictors of postcompetition fluctu-
ations in cortisol.

Consistent with the results in men, women also dropped in
cortisol after victory, as compared with defeat. But inconsistent
with the results in men, women’s T levels prior to competing did
not moderate this effect of competition outcome on cortisol
changes. That is, low and high T women did not differ in their
cortisol responses to victory and defeat. One possible explanation
for the null results in women is that precompetition T may not be
a strong predictor of women’s cortisol responses to victory and
defeat. This interpretation is consistent with some previous re-
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search on women’s T and competition, which failed to replicate
effects observed in men (Bateup et al., 2002; Edwards et al., 2006;
Kivlighan et al., 2005; Mazur et al., 1997). At the same time, this
interpretation is inconsistent with other research demonstrating
that basal T interacts with status to predict emotional, cognitive,
and physiological outcomes in women as well as men (Josephs et
al., 2003, 2006; Mehta et al.; Newman et al., 2005). So what else
might explain the failure of T to predict cortisol changes among
women in the present study?

Another possibility is that due to the social nature of the dog
agility competition, women’s social interactions after the compe-
tition may have had a more potent effect on cortisol changes than
T did. According to the tend-and-befriend theory (Taylor et al.,
2000), women are more likely than men to affiliate with others
following a stressor, and this affiliation is thought to affect wom-
en’s physiological recovery. If this is the case, perhaps the quality
of women’s social interactions after the competition was a stronger
predictor of cortisol changes than precompetition T was, such that
high quality social interactions may have buffered against the
physiological stress response, whereas low quality social interac-
tions or a complete absence of such interaction may have exacer-
bated it. The effects of social interactions on cortisol changes may
have superseded any association between precompetition T and
cortisol changes. Unfortunately, we were unable to measure the
frequency and quality of participants’ social interactions with other
handlers and friends, and therefore, we could not empirically test
this possibility.

A third possibility is that factors specific to the sample may have
contributed to the failure of T to predict cortisol changes in
women. Specifically, the number of female winners was much
lower than the number of male winners, female losers, or male
losers. The substantially smaller group of female winners may
have impacted the probability of obtaining a statistically signifi-
cant T X Status interaction in women.

A fourth possibility is that measurement error in assessing basal
T may have led to the null results in women. As indicated above,
our measure of precompetition T may have reflected a combined
effect of basal T and anticipatory T changes. Although researchers
have generally assumed that both basal T and short-term fluctua-
tions in T are associated with the motivation to gain status, it is
possible that anticipatory T rises in women may not reflect this
motivation. In fact, in one study, it was found that that a greater
anticipatory T rise prior to competition was associated with worse
competitive performance (Kivlighan et al., 2005), which led the
authors of that study to conclude that “little evidence emerged to
support linkages between anticipatory T levels and individual
differences in competitiveness and dominance” (p. 66). If it is true
that anticipatory T changes in women do not reflect dominance
motivation but basal T does, the error introduced by anticipatory T
changes may have led to the lack of relationship between precom-
petition T and cortisol change for women.

Although T failed to interact with status among women in the
dog agility competition, some previous studies demonstrated that
women’s basal T predicts reactions to victory and defeat in certain
competitive domains (Josephs et al., 2003, 2006; Newman et al.,
2005). Thus, we thought it important to place women in a different,
more controlled competitive setting and further investigate
whether basal T moderates the effects of victory and defeat on
cortisol changes in women.
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Study 2: “Intelligence” Test Competition

The goal of this second study was to examine the interactive
effect of basal T and status on cortisol changes in women, in order
to explore whether the findings for men in Study 1 could extend to
women. The design of this study differed from Study 1 in four
important ways. First, we used a different competitive domain: a
series of puzzles presented to participants as a test of intelligence.
We chose this particular domain because previous work has found
that college-aged women seem to perceive these types of cognitive
competitions as having important consequences for status. That is,
women seem to care about their performance during the competi-
tion, and personality variables related to power and status have
been found to predict women’s reactions to victory and defeat after
the competition (Josephs et al., 2006; Schultheiss et al., 2005;
Wirth et al., 2006). Second, instead of competing in a large group
as was the case in Study 1, the participants in the current study
competed against each other head-to-head and were unable to
interact with others following the competition. We chose this
strategy because we wanted to remove any of the variance in
women’s cortisol changes that could be explained by their social
interactions. Third, we experimentally manipulated the outcome of
the competition, as opposed to allowing victory and defeat to
emerge naturally. And fourth, to remove any potential confound-
ing effect of anticipatory T changes on basal T levels, participants
in this second study were not informed prior to arriving at the lab
that they would be competing.

In addition to examining cortisol changes, in Study 2, we also
investigated participants’ approach—avoidance behaviors after vic-
tory and defeat. Specifically, we asked participants after they won
or lost whether they wanted to repeat the same competitive task a
second time against the same opponent. We included this behav-
ioral measure because we thought that status preferences would
have important implications for participants’ decisions to approach
or avoid the competitive task. That is, we expected that if high T
individuals were motivated to gain high status then high T winners
would choose to repeat the competitive task because it led to high
status. Conversely, we expected that high T losers would choose to
avoid the competitive task because it led to low status. We did not
make any specific predictions for the behaviors of low T individ-
uals.

In this second study, women reported to the lab, 2 at a time, and
competed against each other on an ostensible test of intelligence.
Unbeknownst to the participants, the competition was rigged.
Participants were brought to a private lab room immediately after
the competition in order to minimize the opportunity for social
interactions. Saliva samples were collected before and after the
competition to measure basal T and cortisol changes. After the
second saliva sample, participants were asked whether they wanted
to repeat the same competitive task against the same opponent.
This paradigm allowed us to test whether the interaction between
basal T and status predicts cortisol changes and behavior in
women.

Method
Participants

Seventy women enrolled in an introductory psychology course
at the University of Texas at Austin participated in the study in
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exchange for credit toward a research requirement. Four of the
participants provided inadequate saliva samples that could not be
assayed for hormone concentrations. Another 4 participants’ saliva
samples were assayed, but at least one of the samples provided by
these participants had mucous content that was too high to get an
accurate measure of hormone concentrations (CV greater than
15%). One participant had a basal T score well out of the expected
range (390.35 pg/mL), most likely due to blood contamination. We
removed these 9 participants from our data set, leaving 61 partic-
ipants with complete data. Unfortunately, participants’ medication
use was not recorded.

Procedure

Participants reported to the lab in pairs between 12:00 p.m. and
3:30 p.m., to minimize the effects of circadian fluctuations in T
and cortisol levels (Touitou & Haus, 2000). Participants were first
asked to leave all of their belongings in a storage room and were
asked to turn off their cell phones. The experimenter then led each
participant to a separate lab room, obtained informed consent, and
collected the first saliva sample. For this first saliva sample,
participants first rinsed out their mouths to remove any food
particles. After that, participants chewed on a piece of Trident
sugar-free gum for 3 min in order to stimulate salivation. Then
participants drooled 2.5 mL of saliva into a sterile polypropylene
microtubule, and spit out their gum. Saliva samples were imme-
diately brought to a freezer in an adjacent lab room in order to
avoid hormone degradation and to precipitate mucins.

Competition. After saliva collection, both participants were
escorted into the same room and seated at two desks facing
opposite walls. Participants sat facing away from each other in
order to minimize participants’ suspicion with the win/loss manip-
ulation. The experimenter announced to the participants that they
would be competing against each other on a test of an important
type of intelligence called “spatial processing speed.” The task
used for the competition was the Number Tracking Task (Schul-
theiss, Campbell, & McClelland, 1999). This task has been used
successfully in past studies on T and competition; participants
seem to care about their performance on this task, and personality
variables such as implicit power motive and basal T have been
found to predict cognitive, hormonal, and affective reactions to
winning and losing in a Number Tracking Task competition (Jo-
sephs et al., 2006; Schultheiss et al., 1999). Further, the task is
powerful because it allows researchers to experimentally manipu-
late the winner and loser of the competition.

The Number Tracking Task consists of a several puzzles. Each
puzzle contains a grid of numbers, and participants must trace
through the numbers in sequential order until a highlighted number
is reached. Participants thought they were competing on the same
puzzles, but the competition was rigged. The participant randomly
assigned to win was given easier puzzles than the participant
assigned to lose. Participants completed six puzzles, saying “‘done”
after completing each one. The experimenter recorded the time it
took each participant to complete all six puzzles. The average
duration of the competition was 8 min, 41 s.

Postcompetition saliva. Immediately after the competition,
participants were escorted to separate rooms where they worked on
a filler task (a word search). Fifteen minutes after the competition
had ended (M = 34 min, SD = 3 min after the first saliva sample),
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the experimenter collected the word search, and participants pro-
vided a second saliva sample. The second saliva sample was taken
to measure cortisol changes from before to after the competition.
For this second saliva sample, participants were given a second
piece of sugar-free gum to chew on for 3 min, and then participants
drooled 2.5 mL of saliva into a second plastic vial. Participants spit
out their gum after they finished. Saliva samples were immediately
transported to a nearby freezer. We waited 15 min after the end of
the competition to collect the second saliva sample because it takes
several minutes for hormone levels in blood to reach saliva (cf.
Riad-Fahmy, Read, Walker, Walker, & Griffiths, 1987). Although
previous research suggests that salivary cortisol peaks 30 min after
a public speaking stressor (Kirschbaum, Pirke, & Hellhammer,
1993), recent evidence suggests that cortisol levels 15 min and 30
min after a laboratory-based competition did not differ from each
other (Wirth et al., 2006). Therefore, it seems that a 15-min delay
is sufficient to measure salivary cortisol responses to competition.
Participants were not explicitly asked to refrain from eating or
drinking in between saliva samples, but it is highly unlikely that
they ate or drank during the study because all of their belongings
were being stored in a separate room. Furthermore, none of the
saliva samples showed any obvious signs of food particles or
change in color that would indicate food or beverage consumption
had occurred.

Task preference. Following the second saliva sample, partic-
ipants filled out the choice questionnaire, which asked them to
choose the next experimental task. They were asked to choose one
of two options: (a) compete again on six new puzzles of the
Number Tracking Task against the same participant or (b) com-
plete a questionnaire on food, music, and entertainment prefer-
ences. The choice questionnaire indicated that option (b) would
take about as long to complete as the Number Tracking Task.
Participants made their choice by circling (a) or (b), and handed
the questionnaire to the experimenter.

Immediately afterward, participants were given a second ques-
tionnaire, which asked them to indicate the strength of their task
preference on a 6-point scale (1 = I strongly prefer to complete the
entertainment questionnaire, 2 = I moderately prefer to complete
the entertainment questionnaire, 3 = I slightly prefer to complete
the entertainment questionnaire, 4 = I slightly prefer to compete
again on the Number Tracking Task, 5 = I moderately prefer to
compete again on the Number Tracking Task, 6 = I strongly prefer
to compete again on the Number Tracking Task). Participants
indicated the strength of their preference by circling the corre-
sponding number. We included this question because we thought
it would be a more sensitive measure of participants’ task prefer-
ences than the forced choice measure that preceded it.

Suspicion check. Participants then filled out another short
questionnaire, which included three questions to check for suspi-
cion. These questions were “What did you think this study was
about?” “Was there anything about the study that you thought was
odd? If yes, what?” and “During the study, did you at any point
feel that you were being misled? If yes, when and how?” Partic-
ipants’ open-ended responses to these questions were later coded
for suspicion associated with the win/loss manipulation. Immedi-
ately after filling out this questionnaire, participants were de-
briefed as to the true nature of the study and were dismissed. The
entire experiment took approximately 1 hr and 15 min to complete.
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Hormone Assays

The saliva samples were analyzed for T and cortisol concentra-
tions with enzyme immunoassay kits purchased from Salimetrics
(State College, Pennsylvania). Samples were assayed in duplicate.
The T plates were coated with antibodies to T, and the cortisol
plates were coated with antibodies to cortisol. Interassay CVs for
Salimetrics assays conducted in our lab average 8.7% for T and
2.8% for cortisol. Intra-assay CV averaged across all 61 partici-
pants was 4.2% for T and 3.7% for cortisol. The lower limit of
detection (B, + 3SD) for cortisol kits was .01 wg/dL. The lower
limit of detection (B, + 3SD) for T kits was 1.6 pg/mL. Although
T concentrations were measured in both the first and second saliva
samples, only T concentrations from the first saliva sample (basal
T) are relevant to the research questions addressed in the current
article. Therefore, analyses for change in T are not reported in this
article.

Results
Suspicion Check

All participants correctly indicated whether they had won or lost
in the competition, but one participant indicated some degree of
suspicion with the win/loss manipulation. Thus, we decided to
remove this participant from our analyses. All analyses below were
conducted on the remaining 60 participants (29 winners, 31 los-
ers).

Preliminary Analyses

Basal T and basal cortisol were calculated from the precompe-
tition saliva sample (Basal T: M = 61.5 pg/mL, SD = 38.2 pg/mL;
Basal cortisol: M = .22 pg/dL, SD = .19 pg/dL).! There was a
trend for individuals in experiments later in the afternoon to have
higher basal T, 7(60) = .22, p = .09. There was no relationship
between time of experiment and basal cortisol, #(60) = .13, p >
.30. Consistent with the results of Study 1 and with some previous
research (e.g., Vicennati et al., 2006), there was a positive rela-
tionship between basal T and basal cortisol, 7(60) = .39, p < .01.

" The mean for basal T in Study 2 was consistent with the means
reported in previous research with Salimetrics kits (Josephs et al., 2006;
Kivlighan et al., 2005; Newman et al, 2005; Sellers et al., 2007; Shirtcliff
et al., 2002) but was higher than the means reported in research with other
assay Kkits (e.g., radioimmunoassay, DPC, Schultheiss et al., 2005; radio-
immunoassay, Diagnostic Statistical Laboratory (DSL), Shirtcliff et al.,
2002). Therefore, we decided to verify whether the T scores measured from
Salimetrics kits would correlate with T scores measured with another type
of kit. We sent a subset of the saliva samples for which there was sufficient
volume of saliva left (n = 20) to an external lab (Yerkes Endocrine Core
Laboratory, Atlanta, GA) for reanalysis with Diagnostic Statistical Labo-
ratory (DSL) radioimmunoassay kits. The basal T mean from the DSL kits
was significantly lower (M = 20.04, SD = 10.26) than the basal T mean
for the same 20 samples measured with Salimetrics kits (M = 72.52, SD =
36.82), 1(38) = 6.14, p < .01. This difference in means was consistent with
previous research that compared results from these two assay kits (Shirt-
cliff et al., 2002). And as expected, there was a strong correlation between
the T levels as measured independently from the two assay kits, 7(20) =
.65, p < .01, suggesting that the Salimetrics assays were indeed capturing
T levels similar to DSL Kkits.
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There was also evidence for temporal stability in cortisol levels
across the two time points, 7(60) = .79, p < .001.

Cortisol Change

To examine predictors of cortisol change, we employed regres-
sion analyses in which basal cortisol was entered as a covariate and
postcompetition cortisol was entered as the dependent variable.
With this technique, it was found that the elapsed time between the
two saliva samples did not predict cortisol change, F(1, 57) =
0.03, p > .80, nor did it interact with the outcome of the compe-
tition to predict cortisol change, F(1, 55) = 0.24, p > .60. Simi-
larly, the time of the experiment did not predict cortisol change,
F(1, 57) = 0.07, p > .70, nor did it interact with the outcome of
the competition to predict cortisol change, F(1, 55) = 0.03, p >
.80. Therefore, we excluded the time between samples and the time
of the experiment from subsequent analyses.

Did basal T moderate the effects of victory and defeat on
changes in cortisol? To examine this question, we first centered
basal T scores prior to regression analysis. Then we used a hier-
archal regression model in which postcompetition cortisol was
entered as the dependent variable and the following variables were
entered as predictors: basal cortisol in Step 1, win/lose (dummy-
coded as O for lose and 1 for win) in Step 2, basal T in Step 3, and
the Win/Lose X Basal T interaction term in Step 4. Inconsistent
with the results of Study 1 but consistent with other research on
laboratory-based competitions (e.g., Wirth et al., 2006), there was
no main effect of win/lose on cortisol changes, F(1, 57) = 1.86,
p > .10. However, a statistically significant Win/Lose X Basal T
interaction emerged (AR*> = 2.5%), F(1, 55) = 3.97, p = .05.

To interpret this interaction, we computed change in cortisol
scores by saving the unstandardized residuals of a regression
analysis with basal cortisol as the predictor and postcompetition
cortisol as the dependent variable. Then we ran simple regressions
in winners and losers separately. See Figure 2. Consistent with the
idea that high T individuals are motivated to gain status, there was
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a positive relationship between basal T and cortisol change in
losers (3 = .20), in contrast with a negative relationship between
basal T and cortisol change in winners (3 = —.35). The statisti-
cally significant interaction term indicates that these slopes statis-
tically differed from each other. As Figure 2 shows, high T losers
rose in cortisol, but high T winners dropped in cortisol. Low T
winners and low T losers did not seem to differ from one another
in their cortisol changes.

We also investigated whether the Win/Lose X Basal T interac-
tion depended on the time of the experiment or on the elapsed time
between the two saliva samples. Multiple regression models did
not show a significant effect for the Win/Lose X Basal T X Time
of Experiment interaction, F(1, 52) = 0.42, p > .50 or for the
Win/Lose X Basal T X Elapsed Time Between Saliva Samples
interaction, F(1, 52) = 0.16, p > .60.

Task Preferences

We next tested whether basal T moderated the effects of victory
and defeat on participants’ preferences to reapproach or avoid the
competitive task. Recall that we had two measures of task prefer-
ence: a forced choice measure and a strength of task preference
measure. We decided to examine the interactive effect of basal T
and status on both of these measures separately because we be-
lieved each measure had its distinct merits. That is, the forced
choice measure seemed to be a more ecologically valid measure of
a participant’s decision to approach or avoid the competitive task;
but the strength of task preference question, we reasoned, might be
more sensitive because it assessed preferences on a more finely
graded 6-point scale. We report analyses for the forced choice
measure first, followed by analyses for the strength of preference
measure. Because the time of the experiment did not have a
statistically significant effect on task preference and did not inter-
act with basal T or win/lose to predict task preference (ps > .20),
it was not included in any of the analyses for task preference.
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Figure 2.

Study 2 regression slopes of basal testosterone predicting change in cortisol (pg/dL; unstandardized

residuals of postcompetition cortisol controlling for basal cortisol) in women. Low testosterone = 1 SD below
the mean; high testosterone = 1 SD above the mean. Standardized beta for winners, 3 = —.35, p < .10;

standardized beta for losers, 3 = .20.
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Figure 3. Study 2 probability of choosing to repeat the competitive task (instead of choosing the alternative
questionnaire task) as a function of basal testosterone and win/lose. Low testosterone = 1 SD below the mean;

high testosterone = 1 SD above the mean.

Forced choice.  Across the entire sample, 29 participants chose
to repeat the competitive task, and 31 participants chose to com-
plete the alternative task (the entertainment questionnaire). In
addition, winners did not differ from losers in their task prefer-
ences, x*(1, N = 60) = 1.05, p > .30.

We next tested whether basal T moderated the effects of victory
and defeat on participants’ decisions to reapproach or avoid the
competitive task. To do so, we ran a binary logistic regression
analysis with the win/lose result (dummy-coded as O for lose and
1 for win) and basal T as predictors in Step 1, the Win/Lose X
Basal T interaction as a predictor in Step 2, and task preference
(1 = repeat the competition, 0 = complete the alternative task) as
the dependent variable. There was a statistically significant Win/
Lose X Basal T interaction, x*(1, N = 60) = 4.32, p < .04.

To interpret this interaction, we computed the predicted probability
of choosing to repeat the competitive task, based on the binary logistic
regression model, at the basal T mean, one standard deviation below
the basal T mean and one standard deviation above the basal T mean,
for winners and losers. As shown in Figure 3, the pattern of results
indicates that high T winners were more likely to choose to repeat the
competitive task than were high T losers. In contrast, low T winners
and low T losers did tend to differ in their task preferences; if
anything, low T individuals showed the opposite pattern of task
preferences from high T individuals.

Strength of task preference. We next tested whether basal T
moderated the effects of victory and defeat on the strength of
participants’ task preferences. We entered the win/lose result
(dummy-coded as O for lose and 1 for win), basal T, and the
Win/Lose X Basal T interaction as predictors of the strength of
task preference in a multiple regression model. This model re-
vealed a statistically significant Win/Lose X Basal T interaction
(AR? = 13.1%), F(1, 56) = 3.97, p < .01.

To interpret this interaction, we ran simple regressions in win-
ners and losers for the relationship between basal T and strength of

task preference. As shown in Figure 4, basal T showed a positive
relationship with the strength of task preference measure in win-
ners (3 = .32), but basal T showed a negative relationship with the
strength of task preference measure in losers (B = —.42). In
addition to the statistically significant difference in these slopes as
indicated by the interaction term, the negative slope in losers was
also statistically different from zero, #(29) = —2.49, p < .02.
Mimicking the results of the forced choice data, the pattern of
results indicates that high T winners preferred to repeat the com-
petitive task, whereas high T losers preferred to avoid it. In
contrast, low T winners and low T losers did not differ from each
other in the strength of their task preferences. Both low T groups’
mean strength of task preference scores were close to the midpoint
on the 6-point scale. Overall, high T individuals’ task preferences
depended on whether they had won or lost the competition, but low
T individuals’ preferences did not depend on the competition
outcome. The findings were similar for the forced choice and the
strength of task preference measures.”

2 To determine whether the same pattern of findings would emerge with the
DSL kits, we computed separate correlations in winners and losers for the
relationship between DSL basal T scores and cortisol change as well as DSL
basal T scores and strength of task preference. Because of the low sample size
(n = 20), we did not expect statistically significant differences; instead, we
looked to see whether the pattern that emerged in the original analyses would
still emerge. Consistent with the original analyses, there was a positive rela-
tionship between DSL basal T scores and cortisol change in losers (3 = .44),
but there was a negative relationship between DSL basal T scores and cortisol
changes in winners (3 = —.53). In addition, there was a negative relationship
between DSL basal T scores and strength of task preference in losers (B =
—.05), but there was a positive relationship between DSL basal T scores and
strength of task preference in winners (3 = .12). These analyses suggest that
our findings in Study 2 generalize across assay technique.



SOCIAL ENDOCRINOLOGY OF DOMINANCE

1089

Strength of task preference

—C— Win

—&—Lose

Low Testosterone

Mean High Testosterone

Basal Testosterone

Figure 4. Study 2 regressions slopes for basal testosterone predicting strength of task preference measured on
a 6-point scale (1 = strong preference to complete the alternative task: an entertainment questionnaire, 6 =
strong preference to repeat the competitive task). Low testosterone = 1 SD below the mean; high testosterone =
1 SD above the mean. Standardized beta for winners: 3 = .32, p < .10; standardized beta for losers: § = —.42,

p < .05.

Cortisol change and task preference. We also tested whether
the interaction between basal T and status as a predictor of task
preference was mediated by cortisol changes. But this was not the
case; a binary logistic regression showed that change in cortisol
did not predict our binary choice measure, x*(1, N = 60) = 0.68,
p > .40. The correlation between cortisol change and strength of
task preference also failed to reach statistical significance (r =
—.11), p > 40.

Discussion

Study 2 provides evidence that basal T moderates the effects of
victory and defeat on cortisol changes and behavior in women.
After competing in a one-on-one cognitive competition, high T
women rose in cortisol following defeat, but high T women
dropped in cortisol following victory. Low T women’s cortisol
changes did not depend on victory or defeat; that is, low T winners
and low T losers showed minimal changes in cortisol. The pattern
of findings was remarkably similar to the pattern for men in Study
1; high T men in Study 1 also rose in cortisol after defeat and
dropped in cortisol after victory. And low T men in Study 1,
regardless of whether they had won or lost, also exhibited only
slight changes in cortisol. As was the case in Study 1, cortisol
changes in the present study may reflect a number of underlying
psychological states, such as distress and relaxation, an individu-
al’s mobilization to change her state of affairs, or engagement—
disengagement.

This study also extended the interactive effect of basal T and
status to behavior. High T winners chose to repeat the competitive
task a second time against the same opponent, whereas high T
losers chose to avoid it. These effects were observed on both the

forced choice measure and on the strength of task preference
measure. Presumably, high T women who won in the competition
chose to repeat the competitive task because it led to high status,
whereas high T women who lost in the competition chose to avoid
the competitive task because it led to low status. Low T winners
and low T losers did not prefer one task over the other; that is, both
groups chose to repeat or avoid the competition at about equal
rates. Together, the cortisol change and behavioral findings sug-
gest that basal T taps into a woman’s status preference; it seems
that high T women are motivated to gain high status, whereas low
T women are not.

General Discussion

Results from two studies, a naturalistic competition and an
experimental laboratory competition, provide converging evidence
that basal T moderates the effects of victory and defeat on subse-
quent cortisol changes and behavior. High T men in Study 1 and
high T women in Study 2 rose in cortisol following social defeat
and dropped in cortisol following victory. Study 2 further showed
that high T women chose to repeat the competitive task following
victory, but chose to avoid the competitive task following defeat.
Low T women did not differ in their task preferences depending on
whether they had won or lost the competition. These results are
consistent with past research demonstrating the differential effects
of high and low status on high and low T individuals (Josephs et
al., 2003, 2006; Newman et al., 2005). It seems that basal T taps
into the motivation to gain high status, which in turn, predicts
physiological and behavioral responses to social victory and de-
feat.



1090

Although T failed to predict cortisol changes following compe-
tition for women in Study 1, the predictive validity of women’s
basal T levels on cortisol changes was demonstrated in Study 2.
One possible explanation for the discrepant results in women may
lie in the different opportunities for socialization across the two
studies. Women had the opportunity to engage in social interac-
tions after the dog agility competition (Study 1), and according to
the tend-and-befriend theory (Taylor et al., 2000), the quality and
frequency of socialization may have had a strong influence on
women’s cortisol changes in this setting. The potential variability
in affiliation after the competition may have had a more potent
influence on cortisol changes than did T in this study. In contrast,
women were left alone after the one-on-one cognitive competition
(Study 2), and thus, social interactions could not have affected
women’s cortisol changes in this situation. If this explanation is
correct, it suggests that women’s basal T levels may best predict
their cortisol responses to changes in status when there are mini-
mal opportunities for affiliation, as was true in Study 2. Of course,
there are other possible explanations that could account for the
different results in women across the two studies (e.g., the confla-
tion of basal and anticipatory T in Study 1 but not in Study 2).
Clearly, more studies are needed in both sexes to further test the
predictive validity of basal T on cortisol changes in a variety of
status-relevant situations.

The findings for men in Study 1 and for women in Study 2
provide the first empirical evidence that cortisol changes after
victory and defeat depend on basal T levels. This insight may help
explain some of the inconsistent findings in the literature on
competition and cortisol changes. Although some studies have
found that individuals rise in cortisol after defeat (e.g., Bateup et
al., 2002), many other studies failed to find such differences (e.g.,
Booth et al., 1989; Gladue et al., 1989; McCaul et al., 1992;
Salvador, 2005). In the future, we suggest strongly that research on
hormones and competition take into account the role that basal T
and other individual differences variables (e.g., implicit power
motive, Wirth et al., 2006) may play in explaining cortisol fluc-
tuations.

Study 2 showed that high T winners chose to reapproach the
competitive task after victory, but chose to avoid it after defeat.
These findings are consistent with Schultheiss et al.’s (2005)
studies in which high power individuals exhibited enhanced learn-
ing after victory and impaired learning after defeat. Of course,
learning and choice are very different outcomes and are likely to
have different motivational and biological correlates. Still, the
conceptual overlap of Schultheiss et al.’s (2005) results with ours
is interesting and suggests that a learning mechanism may underlie
the effects of high and low status on the behaviors of high T
individuals. Although speculative, it is possible that high T indi-
viduals in Study 2 may have learned to repeat the competitive task
because it led to the high status they desired. Conversely, high T
individuals may have learned to avoid the competitive task be-
cause it led to low status. If this explanation turns out to be correct,
it suggests that high T individuals but not low T individuals may
self-select into domains in which they can gain high status and
actively avoid those domains in which they cannot.

There are some important limitations to our research that should
be noted. One limitation is that T levels were not experimentally
manipulated, and therefore, we cannot conclude that T was the
direct cause of postcompetition cortisol fluctuations and behavior.
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Instead, we measured naturally occurring T prior to competing—
which is thought to reflect an individual’s motivation to gain
status—and used this variable to predict endocrinological and
behavioral reactions to victory and defeat. However, we cannot
rule out the possibility that other individual difference variables
that are conceptually related to basal T (e.g., implicit power
motive, self-reported dominance) might have also predicted the
same outcomes we examined. Future research should extend our
results and compare these various markers of personality to deter-
mine whether they overlap or diverge in their prediction of psy-
chologically meaningful outcomes.

A second limitation is that our control over extraneous variables
was imperfect. For example, baseline cortisol samples in both
studies were collected around lunchtime and, thus, may have been
affected by recent food intake or the cortisol rise that occurs
around usual mealtimes even when people are fasting. Further, our
measure of physical exertion in Study 1, the time to complete the
dog agility course, was also imperfect. More accurate measures of
physical exertion (e.g., accelerometers) would have improved our
ability to distinguish physical and psychological effects of com-
petition on cortisol changes. Study 1 did not assess social interac-
tions between competitors, a variable that may have influenced
cortisol changes. Finally, although our analyses indicated that
medication use did not influence the overall results of Study 1,
medication use information was not available in Study 2; these
data may have impacted the results of this second study.

Our findings demonstrate that T prior to competing predicted
cortisol changes and behavior after victory and defeat. But other
research suggests that short-term changes in T following a com-
petition are also important predictors of subsequent social behavior
(Mehta & Josephs, 2006; Trainor, Bird, & Marler, 2004). There
has been much debate in the literature as to whether basal levels of
T directly influence social behavior or whether temporary rises or
falls in T are the primary influence on social behavior (see com-
mentaries following Mazur & Booth, 1998). Although this debate
is far from resolved, we conclude on the basis of the research to
date that basal T and transient T changes are both likely to
influence behavior, but in different ways. Basal T may tap into a
person’s stable status preference, analogous to a personality trait
(Sellers et al., 2007), whereas short-term fluctuations in T may tap
into temporary changes in the motivation to gain high status (e.g.,
Mehta & Josephs, 2006), analogous to mood. That is, we suspect
that basal T and changes in T may be separate constructs alto-
gether. In future research, the efficacy of both basal T and transient
fluctuations in T as predictors of social behaviors should continue
to be explored.

In recent years, there has been a renewed interest in research on
the biological bases of personality and individual differences
(Canli, 2006; Mehta & Gosling, 2006), but our approach—using a
hormone as a psychologically relevant individual difference vari-
able—is still rare. Instead, the field of personality psychology is
dominated by studies of self-reported personality traits. Hormones
are certainly more difficult to measure than asking people what
they are like. But the findings from an emerging body of literature,
the present research included, indicate that hormones can provide
valuable insights into personality. The studies reported here along
with others suggest that basal T is associated with dominance
(Jones & Josephs, 2006; Josephs et al., 2003, 2006; Mazur &
Booth, 1998; Mehta & Josephs, 2006; Newman et al., 2005;
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Sellers et al., 2007). Additional research suggests that cortisol and
progesterone levels may be associated with other aspects of per-
sonality (e.g., cortisol and neuroticism, Portella, Harmer, Flint,
Cowen, & Goodwin, 2005; progesterone and affiliation, Schul-
theiss, Wirth, & Stanton, 2004), although the findings from these
literatures are somewhat mixed (e.g., Roy, 1996). If future research
continues to incorporate hormones and other biological measures
(e.g., gene polymorphisms, Serretti, Calati, Ferrari, & De Ronchi,
2007; neural activity, Canli, 2006) in the study of personality, then
personality psychology will, one hopes, become a richer science, a
science that extends beyond traditional personality measures and
that brings a greater understanding of the biological processes that
regulate personality and social behavior.
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