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ABSTRACT—Although theory suggests a link between social
anxiety and social dominance, direct empirical evidence
for this link is limited. The present experiment tested the
hypothesis that socially anxious individuals, particularly
men, would respond to a social-dominance threat by
exhibiting decrements in their testosterone levels, an
endocrinological change that typically reflects pronounced
social submission in humans and other animals. Partici-
pants were randomly assigned to either win or lose a rigged
face-to-face competition with a confederate. Although no
zero-order relationship between social anxiety and level of
testosterone was observed, testosterone levels showed a
pronounced drop among socially anxious men who lost
the competition. No significant changes were observed in
nonanxious men or in women. This research provides nov-
el insight into the nature and consequences of social
anxiety, and also illustrates the utility of integrating social
psychological theory with endocrinological approaches to
psychological science.

Social anxiety plays a major role in regulating—and sometimes
dysregulating—many forms of human social interaction. People
high in social anxiety perceive a variety of everyday social sit-
uations to be threatening and often respond to social situations
with exaggerated worry, distress, physiological hyperarousal, and
avoidant behavior (Heimberg, Liebowitz, Hope, & Schneier,
1995; Hofmann, 2007; Liebowitz, Gorman, Fyer, & Klein, 1985).

What kinds of social threat cause worry in people with social
anxiety? Most theories suggest that socially anxious individuals
are concerned primarily with being evaluated negatively and,
ultimately, with being socially excluded or rejected (Barlow,
2002; Baumeister & Tice, 1990; Leary, 1990). Indeed, highly

anxious people are very vigilant to the possibility of negative
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evaluation, especially when social acceptance is perceived to be
at stake (e.g., Maner, DeWall, Baumeister, & Schaller, 2007).

A much smaller body of theory, however, suggests that in ad-
dition to concerns about general social evaluation or social ac-
ceptance, social anxiety may involve concerns pertaining spe-
cifically to social dominance (Barkow, 1975; Ohman, 1986;
cf. Leary, Cottrell, & Phillips, 2001). An evolutionary perspec-
tive, for example, suggests that social anxiety may reflect con-
cerns about one’s place in the social hierarchy and, moreover,
that social anxiety may lead people to respond in maladaptive
ways when their dominance is threatened. Yet few studies have
tested this hypothesis empirically.

In this article, we provide evidence that social anxiety shapes
responses to social-dominance threat. We hypothesized that
people high in social anxiety would respond to dominance threat
by displaying signs of exaggerated social submission. We tested
this hypothesis by manipulating social-dominance threat and
examining changes in levels of testosterone, a hormone known to
mediate social dominance.

DOMINANCE AND SOCIAL ANXIETY

The social structures of many species are organized hierarchi-
cally (de Waal, 1982), and navigating one’s place in the domi-
nance hierarchy is an important adaptive challenge faced by
people in many social groups. Because there are myriad benefits
to being dominant, individuals often compete over dominance,
and these competitions can involve significant interpersonal
conflict. Whether competition is explicit (e.g., a sporting event)
or implicit (e.g., being compared with another person; e.g.,
Antony, Rowa, Liss, Swallow, & Swinson, 2005), defeat can pose
salient psychological and interpersonal threats, in part because
defeat can reduce one’s level of dominance.

How might people respond to dominance threats when they
occur? Imagine losing an important tennis match to a rival. One
might imagine that some people would respond with renewed
interest in reasserting their dominance, perhaps by attempting
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to compete again (e.g., Mehta & Josephs, 2006). One might also
imagine, however, that some people instead would respond by
adopting a submissive stance, presumably as a way of avoiding
further social harm. Indeed, in responding to social defeat, there
is an important trade-off. Although striving to reassert one’s
dominance could help one regain status, it could also increase
one’s vulnerability to harm and could further damage one’s
stature. Thus, when likelihood of success seems low, people may
become submissive in order to avoid potential harm, especially
harm from more dominant individuals (Ohman, 1986).

We suggest that the way individuals navigate this trade-off is
influenced by their level of social anxiety. We hypothesize that
socially anxious individuals will respond to dominance threat
with signs of pronounced social submission, rather than with
interest in reasserting their dominance. Socially anxious indi-
viduals typically respond to threat with pessimism and a pro-
nounced lack of self-efficacy (e.g., Maddux, Norton, & Leary,
1988). Social anxiety, therefore, may lead people to become
submissive after a defeat, because their expectations for future
success are likely to be low. This would not be unlike a lion who,
upon losing a dominance competition, rolls onto his back,
communicating to the victor that he has no interest in further
competition and would prefer to live to see another day.

THE ROLE OF TESTOSTERONE

Assessment of endocrine responses provides a particularly
valuable means of evaluating the submissiveness that we hy-
pothesize occurs among anxious individuals. It is well known
that in many species, testosterone levels mediate the expression
of dominance, at one end of the spectrum (high testosterone),
and submission, at the other end (low testosterone; Mazur &
Booth, 1998; Schultheiss et al., 2005).

Numerous rodent-based studies have demonstrated that
deficits in testosterone are associated with anxious responses to
threat, as indicated by behavioral freezing, fear-induced anal-
gesia, increased startle response, and inhibited exploratory
behavior (Edinger & Frye, 2005; Toufexis, Myers, & Davis,
2006). Although the link between testosterone and anxiety has
been documented in the rodent literature, only a few studies
have examined this link in humans. One study found that low
basal testosterone was associated with anxiety in male adoles-
cents (Granger et al., 2003), and another suggested that low
prenatal testosterone in utero may be associated with anxiety in
adulthood (de Bruin, Verheij, Wiegman, & Ferdinand, 2006).
Although there is some suggestive evidence, however, the link
between social anxiety and testosterone in humans has not been
well established.

How might socially anxious individuals modulate their level
of testosterone when faced with dominance threat? Previous
studies indicate that when people’s dominance is threatened
by social defeat, some individuals respond with increases in
testosterone levels, but others respond with decreases (e.g.,
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Mehta & Josephs, 2006). Few studies have identified stable
personality characteristics that determine whose testosterone
increases and whose testosterone decreases following defeat. We
propose that endocrinological responses to defeat may be
shaped by social anxiety and, in particular, that highly socially
anxious individuals may display decreases in testosterone fol-
lowing defeat.

GENDER DIFFERENCES

There have been few investigations of gender differences in
social anxiety, although it has been shown that women experi-
ence social anxiety more frequently and more severely than men
(Turk et al., 1998; see also Moscovitch, Hofmann, & Litz, 2005).
Few studies have investigated the possibility that social anxiety
is linked with different responses to social threat in men versus
women.

There are clear reasons to suspect that the links among social
anxiety, social-dominance threat, and decrements in testoster-
one are stronger in males than in females. Although levels of
testosterone are associated with dominance in both men and
women (e.g., Cashdan, 1995), men tend to be more concerned
than women about their level of social dominance (Mazur &
Booth, 1998). An evolutionary perspective implies that this
gender difference is rooted ultimately in differences between
men’s and women’s reproductive strategies (Wilson & Daly,
1992).

Because men are more concerned with their dominance than
women are, we expected to observe greater reactivity to domi-
nance threat among men than among women. Specifically, we
expected dominance threat to promote decreases in testosterone
among socially anxious men, but did not predict similar reac-
tivity among women. Thus, our primary hypotheses were that
(a) social-dominance threat would be associated with decreased
levels of testosterone among individuals high in social anxiety
(but not among those low in social anxiety), and that (b) this
response would be specific to males.

METHOD

In the experiment reported here, participants competed with a
confederate and were randomly assigned to either win (control
condition) or lose (dominance-threat condition) by a wide mar-
gin. Changes in salivary testosterone were assessed.

Participants

Sixty-four undergraduate students participated in exchange for
course credit. Because of computer malfunction, 5 participants’
social-anxiety scores were not recorded. One participant had an
extremely high social-anxiety score (4 standard deviations
above the mean) and was excluded. Fifty-eight participants re-
mained (35 women, 23 men; average age = 18.9 years). To
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prepare for the experiment, participants refrained from activi-
ties known to affect hormone levels: They did not eat food or
drink caffeinated beverages or alcohol for 2 hr prior to testing,
exercise for 12 hr prior to testing, or smoke for 6 hr prior to
testing.

Materials and Procedure

To reduce diurnal variability in testosterone, we scheduled
participants to arrive between noon and 4:30 p.m. Participants
were told that the study was an investigation of leadership styles,
personality, and hormones, and they were shown how to provide
saliva samples by spitting into collection vials (approximately
4 ml per sample). After receiving these instructions, participants
completed a well-validated measure of social anxiety—the
Social Phobia Scale (SPS; Mattick & Clarke, 1998). The SPS
includes 20 items assessing anxiety in social settings (e.g., “I get
tense when I speak in front of other people”). Responses were re-
corded on 5-point scales (1 = not at all, 5 = extremely). Social-
anxiety scores were generated by summing responses across
items (o0 = .88).

After completing the SPS, participants provided a baseline
saliva sample, after which they underwent the experimental
manipulation, which involved a face-to-face competition with a
same-gender confederate. The competition consisted of a rigged
number-tracking task used in previous studies (e.g., Josephs,
Sellers, Newman, & Mehta, 2006). In this task, participants
traced through a set of numbers in sequential order until a
designated target number was reached. They were told that fast
completion of this task reflected overall competence and lead-
ership ability, and that winners would serve as group leaders in a
subsequent team task, whereas losers would serve a subordinate
role. In reality, the competition was rigged, and participants
were randomly assigned to either win or lose.

Following this manipulation, participants completed filler
questionnaires, and then provided a saliva sample, approxi-
mately 15 min after the manipulation. The time delay was in-
cluded because typically it takes approximately 15 min before
changes in testosterone concentration are detectable in saliva

(e.g., Schultheiss et al., 2005).

Testosterone Measurement

We used a conventional approach for assaying salivary hor-
mones. Saliva samples were frozen at —20 °C. To precipitate
mucins, we thawed the samples and centrifuged them at 3,000
rpm for 10 min. The supernatant was stored in 250-pl aliquots at
—20 °C until assayed. Commercially available solid-phase ra-
dioimmunoassay kits were used to measure concentrations of
testosterone (in nanograms per deciliter). These kits have min-
imal cross-reactivity to other steroid hormones. All samples
were processed in duplicate using a high-throughput, automated
gamma counter. The lower limit of sensitivity of the radio-
immunoassay kits was 0.2 ng/dL.
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RESULTS

Levels of social anxiety were typical for a normative university
sample (M = 31.67, SD = 8.53), as were basal testosterone
levels (M = 8.31 ng/dL, SD = 3.45 for men; M = 1.58 ng/dL,
SD = 1.04 for women). No significant zero-order correlation was
observed between social anxiety and basal testosterone in men
(r = .12, p = .60) or women (r = —.23,p = .19).

We examined change in testosterone from baseline to posttest
by conducting an analysis of variance with factors of measure-
ment occasion, experimental condition, gender, and level of
social anxiety (a continuous variable). The four-way interaction
was significant, F(1, 50) = 10.29, p = .002. The three-way in-
teraction among measurement occasion, experimental condi-
tion, and social anxiety was significant among males, F(1, 19) =
8.98, p = .007, but not among females, F' < 1.

To interpret this pattern, we used multiple regression to
evaluate the simple effect of manipulated dominance threat
among men and women who were high versus low in social
anxiety (1 standard deviation above and below the mean). The
difference between testosterone at baseline and posttest served
as the dependent variable. These analyses revealed a clear
pattern: Among anxious males, dominance threat evoked a
substantial drop in testosterone, b = —3.48, 1(50) = —4.43,p <
.001, pr = —.53. No other significant effects were observed. The
manipulation had no observable effect on men low in social
anxiety, b = 0.68,t < 1, p = .33; women high in social anxiety,
b =0.40,t < 1, p =.56; or women low in social anxiety, b =
—0.05,¢: < 1,p = .90.

Raw-score variability in testosterone was substantially lower
in women than in men, so to ensure that even small but sys-
tematic changes in testosterone in women would be detectable,
we conducted additional analyses using testosterone levels
standardized within gender. These analyses revealed the same
pattern: Dominance threat evoked a significant drop in testos-
terone among anxious males, b = —1.00, ¢(50) = —2.20, p <
.05, pr =
threat approach significance (all ps > .33; see Fig. 1).

—.30. In no other case did the effect of dominance

DISCUSSION

Although many previous studies have documented the manner
in which socially anxious individuals respond to negative social
evaluation, the current study is the first to provide direct evi-
dence that social anxiety shapes responses to social-dominance
threat. Socially anxious men responded to dominance threat
with substantial decreases in testosterone. Many studies have
shown that such decrements reflect submissiveness and a desire
to avoid further competition (e.g., Mehta & Josephs, 2006), so
this response of socially anxious men seems to reflect a pro-
nounced orientation toward social submission.

On the one hand, submitting to defeat is a good strategy if one’s
intention is to avoid potential social conflict or further loss of
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Fig. 1. Change in testosterone level as a function of experimental condition (losers vs. winners) and social anxiety (1 SD
above the mean vs. 1 SD below the mean). Results are presented separately for men and women. Change scores were

standardized within each gender.

dominance. On the other hand, submission could prove mal-
adaptive, because exaggerated submissiveness could place a
strain on interpersonal relationships and could jeopardize one’s
status within the group. Further research is needed to investi-
gate these possibilities directly. It will be important for studies to
evaluate the extent to which decrements in testosterone among
socially anxious individuals are associated with subjective
distress or social withdrawal (cf. van Honk, Peper, & Schutter,
2005; Wirth & Schultheiss, 2007).

Notably, men low in social anxiety showed no signs of de-
creased testosterone following dominance threat, and, in fact,
the trend was in the opposite direction. This result is consistent
with evidence that defeat does not always evoke submission and
that some individuals respond to defeat with increased testos-
terone and a desire for further competition (Mehta & Josephs,
2006). Although the increase in testosterone among men low
in social anxiety was not statistically significant, the current
findings do suggest that increases in testosterone following de-
feat are more likely to occur among individuals low in social
anxiety than among individuals high in social anxiety.

Although social anxiety moderated hormone responses to
dominance threat, we observed no relationship between social
anxiety and basal testosterone. This is interesting, because it
suggests that social anxiety is linked not so much to a person’s
baseline level of dominance as to the manner in which a person
responds to dominance threats when they occur.

Decrements in testosterone following defeat were observed in
men, but not women. This fits with evolutionary perspectives
suggesting that, reproductively speaking, men have more to gain
from achieving dominance than women do, and that men
therefore tend to be more concerned with their level of domi-
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nance. Although additional research is needed, the current
findings have implications for understanding gender differences
in social anxiety and suggest that social anxiety may be linked
more strongly with concerns about social dominance in men than
in women (cf. Kivlighan, Granger, & Booth, 2005).

Future research would benefit from examining how fluctua-
tions in testosterone might interact with changes in other hor-
mones, such as cortisol and oxytocin, both of which have been
shown to affect important social processes (e.g., Mehta & Jo-
sephs, 2006; Taylor et al., 2000). Such hormones likely work in
concert to shape behavioral and psychological responses to
threat.

Although the current work focused on social dominance, fu-
ture studies should examine hormone responses to other forms of
threat. Endocrinological changes are likely to mediate reactions
to arange of social and nonsocial challenges, and we suspect the
moderator variables that shape such reactions may be domain-
specific. Whereas endocrinological responses to social threat
appear to be moderated by social anxiety, responses to other
types of threat (e.g., physical threat) may be moderated by other
theoretically meaningful individual differences (e.g., fear of
physical harm).
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